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SOUTtlEASTERN WlSCONSlN REGIONAL PLANNlN 
916 NO EAST AVENUE P 0 BOX 769 WAUKESHA WlSCONSl 

September 21,1978 

STATEMENT OF THE CHAIRMAN 

Pursuant to the provisions of Section 208 of the Federal Water Pollution Control Act, the Southeastern Wisconsin Regional 
Planning Commission on July 1,1975, undertook an areawide water quality management planning program. The objectives 
of this program were: to determine the current state of stream and lake water quality conditions within the seven-county 
Region; to  compare these conditions against established water use objectives and supporting water quality standards; to the 
extent necessary, to explore alternative means of meeting those objectives and standards through the abatement of both 
point and diffuse sources of water pollution; and to recommend the most cost-effective means of meeting the established 
objectives and standards over time. In addition to considering the means for abating both point and diffuse sources of 
water pollution, the program was to consider the best means for the management of the residual sludges that may be 
expected to result from recommended wastewater treatment facilities. Moreover, the program was to integrate land use 
and air quality management planning with the water quality management planning, thus assuring a comprehensive, as well 
as areawide, approach to the national goal of achieving "fishable and swimmable" waters. 

The findings and recommendations of the planning program are presented in a three-volume planning report. This, the first 
volume, presents a summary of the findings of the many inventories required to provide the factual basis for the planning 
work. More specifically, these inventories provide data on the man-made and natural features of the Region as they relate 
to water quality conditions; on the existing and historical level of water quality within the Region; on the existing sources 
of water pollution; and on the legal and financial structures affecting water quality management. Set within the context of 
the Commission's comprehensive, areawide planning program, these inventory data provide the basis for sound analysis of 
the water pollution problems of the Region and thereby permit the planning, design, and construction of water pollution 
abatement facilities and the institution of land management practices needed to meet agreed-upon water use objectives to 
proceed on a sound basis throughout the Region. 

The alternative means for abating water pollution within the Region and achieving the national objective of "swimmable 
and fishable" waters and the best means available from among these alternatives, together with effective means for their 
implementation, will be set forth in two succeeding volumes of this report. 

Careful review and study of the entire report by all responsible public officials and by interested citizens is urged, for the 
findings and recommendations of the areawide water quality management planning program may be expected to have 
a far-reaching impact on the cost of providing certain municipal facilities and services, as well as on the overall quality of 
life within the Region. 

Respectfully submitted, 

/' George d7z*L C. Berteau, 

Chairman 
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Chapter I 

INTRODUCTION 

PURPOSE AND USE OF THE REGIONAL 
WATER QUALITY MANAGEMENT PLAN 

This report presents a plan to abate and prevent water 
pollution in the lakes and streams of southeastern Wis- 
consin up to the year 2000. The sources of pollution, the 
disposal or use of the solids removed from wastewaters, 
and the management responsibility all are addressed. This 
document thus is intended to provide information for use 
in water pollution abatement and prevention decision- 
making at the local, state, and federal levels of govem- 
ment. This comprehensive water quality management 
plan considers technical aspects of the abatement of each 
major source of pollution in the Region, the economic 
and financial factors related to such abatement, and the 
social and political considerations involved in implemen- 
tation of this plan. 

The areawide water quality planning and management 
program for southeastern Wisconsin is the third major 
planning program to be undertaken by the Southeastern 
Wisconsin Regional Planning Commission for the purpose 
of preparing an important element of a long-range com- 
prehensive plan for the physical development of the 
seven-county Planning Region. Because the program is 
an integral part of a broader regional planning program, 
an understanding is required of the need for and objec- 
tives of regional planning and the manner in which these 
needs and objectives are being met in the Region. For 
a complete understanding of the areawide water quality 
planning and management program for southeastern 
Wisconsin, its findings, and its recommendations, these 
considerations are discussed below. 

NEED FOR REGIONAL PLANNING 

The need for regional planning is prompted by certain 
important social and economic changes which, while 
national phenomena, have far-reaching impacts on the 
problems facing local government. These changes include: 
widespread urbanization; increasing agricultural and 
industrial productivity; increased income levels and 
more leisure time; generation of mass recreational needs 
and pursuits; increasingly intensive use and consump- 
tion of natural resources; development of extensive 
electric power and communications networks; and 
development of limited access highway systems and 
mass automotive transportation. 

Under the impact of these changes, entire regions such as 
southeastem Wisconsin are becoming mixed rural-urban 
areas. This, in turn, is creating new and intensified area- 
wide development problems of an unprecedented scale 
and complexity. Rural as well as urban citizens must 

increasingly concern themselves with these problems or 
face irreparable damage to their land and water resources 
and a decline in the overall quality of their lives. 

The areawide problems which prompt the regional plan- 
ning effort in southeastern Wisconsin all arise from the 
character of the urbanization occurring within the Region. 
These areawide problems include, among others, inade- 
quate drainage and mounting flood damages; under- 
developed sewerage and inadequate sewage disposal 
facilities; impairment of water supply; increasing water 
pollution; deterioration and destruction of the natural 
resource base; rapidly increasing demand for outdoor 
recreation and for park and open space reservation; inade- 
quate transportation facilities; and, underlying all of the 
foregoing problems, rapidly changing and unplanned land 
use development. These probIems all are tmly regional in 
scope since they transcend the boundaries of any one 
municipality and can only be resolved within the context 
of a comprehensive regional planning effort involving, on 
a cooperative basis, all levels of government concerned. 

THE REGIONAL PLANNING COMMISSION 

The Southeastern Wisconsin Regional Planning Commis- 
sion (SEWRPC) represents an attempt to provide the 
necessary areawide planning services for one of the large 
urbanizing regions of the nation. The Commission was 
organized in August 1960, after almost a decade of 
public deliberation, under the provisions of Section 
66.945 of the Wisconsin Statutes to serve and assist 
the local, state, and federal units of government to 
plan for the orderly and economical development of 
southeastern Wisconsin. The role of the Commission is 
entirely advisory; and participation by local units of 
government in the work of the Commission is on a volun- 
tary, cooperative basis. The Commission is composed of 
21 citizen members who serve without pay, three from 
each of the seven counties that comprise the Region: 
Kenosha, Milwaukee, Ozaukee, Racine, Walworth, Wash- 
ington, and Waukesha. 

The powers, duties, and functions of the Commission 
and the qualifications of the Commissioners are set forth 
in the state enabling legislation. The Commission is 
authorized to employ experts and a staff as necessary 
for the execution of its responsibilities. Basic funds to 
support Commission operations are provided by the 
member counties, the budget being apportioned among 
the several counties on the basis of relative equalized 
valuation. The Commission is authorized to request and 
accept aid in any form from all levels and agencies of 
government for the purpose of accomplishing its objec- 
tives and is authorized to deal directly with the state and 



federal governments for this purpose. The Commission, 
its committee structure, and its staff organization, 
together with its relationship t o  the constituent counties, 
are shown in Figure 1. 

THE REGIONAL PLANNING CONCEPT 
IN SOUTHEASTERN WISCONSIN 

Regional planning, as conceived by the Commission, is 
not a substitute for, but a supplement to, local, state, and 

-federal planning efforts. Its purpose is to aid the various 
levels and units of government in finding solutions to 
areawide developmental and environmental problems 
which cannot be properly resolved within the framework 
of a single municipality or a single county. As such, 
regional planning has three principal functions: 

Inventory-the collection, analysis, and dissemina- 
tion of basic planning and engineering data on 
a uniform, areawide basis so that the various levels 
and agencies of government and private investors 
operating within the Region can better make deci- 
sions about community development. 

Plan Design-the preparation of a framework of 
long-range plans for the physical development of 
the Region, these plans being limited to those func- 
tional elements having areawide significance. To 
this end the Commission is charged by law with 
the function and duty of "making and adopting 
a master plan for the physical development of the 
Region." The permissible scope and content of this 
plan, as outlined in the enabling legislation, extend 
to all phases of regional development, implicitly 
emphasizing, however, the preparation of alternative 
spatial designs for the use of land and for the sup- 
porting transportation and utility facilities. 

Plan Implementation-promotion of plan imple- 
mentation through the provision of a center for 
the coordination of the many planning and plan 
implementation activities carried on by the various 
levels and agencies of government operating within 
the Region. 

The work of the Commission therefore is visualized as 
a continuing planning process providing information for 
resource management and physical development decision 
making by public and private agencies and for the prepa- 
ration of plans and plan implementation programs at the 
local, state, and federal levels of government. This work 
emphasizes close cooperation between the government 
agencies and private enterprise responsible for the devel- 
opment and maintenance of land uses within the Region 
and for the design, construction, and maintenance of 
their supporting public works facilities. Commission 
programs are all carried out within the context of a con- 
tinuing planning program which provides for the periodic 
reevaluation of the plans produced, as well as for the 
extension of planning information and advice necessary 
to  convert the plans into action programs at the local, 
regional, state, and federal levels. 

THE REGION 

The Southeastern Wisconsin Planning Region is shown 
on Map 1,  and is composed of seven counties having 
a total area of 2,689 square miles excluding Lake Michi- 
gan. Together these seven counties comprise about 
5 percent of the total area of the State of Wisconsin. 
About 40 percent of the state population, however, 
resides within these seven counties, which contain three 
of the seven and one-half standard metropolitan statistical 
areas in the State. The Region contains approximately 
one-half of all the tangible wealth in the State as measured 
by equalized valuation and represents the greatest wealth- 
producing area of the State with about 38 percent of the 
state labor force being employed within the Region. The 
Region contributes about twice as much in state taxes 
as it receives in state aids; contains 154 local units of 
government, exclusive of school and other special pur- 
pose districts; and encompasses all or parts of 12  major 
natural watersheds. The Region has been subject to rapid 
population growth and urbanization and, in the period 
from 1960 to 1975, accounted for about 34 percent of 
the total population increase of the entire State. 

The Region is well located for continued growth and 
development. It is bounded on the east by Lake Michigan, 
with an ample supply of fresh water for domestic and 
industrial uses, and is part of a major international 
shipping and transportation network. The Region is 
bounded on the south by the heavily populated north- 
eastern Illinois metropolitan region, and to the west and 
north by the fertile agricultural lands and desirable 
recreational areas of the remainder of the State of Wis- 
consin. Many of the most important industrial areas 
and heaviest population concentrations in the Midwest 
lie within a 250-mile radius of the Region, and over 
33 million people live within this radius. 

COMMISSION WORK PROGRAMS 

Initial Work Program 
The initial work program of the Commission was directed 
entirely toward dasiE data collection. It included six basic 
regional planning studies which were initiated in July 
1961 and completed by July 1963: a statistical program 
and data processing study, a base mapping program, an 
economic base and structure study, a population study, 
a natural resources inventory, and a public utilities study. 

All of these initial studies provided fundamental planning 
and engineering data for regional planning and were 
documented in six published planning reports. None of 
these studies involved the preparation of plans, but they 
provided a valuable point of departure for all subsequent 
Commission work, including the areawide water quality 
planning and management program. 

The Commission since its establishment in 1960, has 
recognized the critical importance of maintaining com- 
prehensive, accurate, and current inventory data for the 
preparation of regional plan elements. In a series of 
planning programs, the Commission has maintained 
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carefully organized and interrelated sets of data related 
to  water resources and other topics; most of this data 
has been documented in summary fashion in Commission 
reports. These reports have presented data on the size, 
spatial distribution, and characteristics of the population 
of the Region; on the kinds and spatial distribution of the 
economic activities-including the industrial structure- 
that support the regional population; on the amount, 
type, intensity, and spatial distribution of the various 
land uses; on the location, capacity, and service areas of 
the various public utility systems that support the land 
use pattern; and on the natural resource base including 
the climate, air, physiography, geology, soils, mineral 
and organic resources, surface water resources and asso- 
ciated shorelands and floodlands, groundwater resources 
and associated recharge areas, woodlands, wetlands, fish 
and wildlife habitat areas, sites with scenic, scientific, 
historical or recreational value, and prime agricultural 
areas. The following sections briefly describe those work 
programs that relate most directly to the areawide water 
quality management planning program. 

Land Use-Transportation Study 
The first major work program undertaken by the Commis- 
sion actually directed toward long-range plan preparation 
was a regional land use-transportation study, initiated in 
January 1963 and completed in December 1966. This 
program produced two key elements of a comprehensive 
physical development plan for the Region: a land use 
plan and a transportation (highways and transit) plan. 
The findings and recommendations of the regional land 
use-transportation study have been published in the 
three-volume SEWRPC Planning Report No. 7,  
Regional Land Use-Transportation Study. 

The regional land use and transportation plans were 
formally adopted by the Commission in December 1966. 
In March 1967 these plans were certified to the local 
units of government within the Region and to various 
state and federal agencies concerned with the physical 
development of the Region. All seven county boards 
adopted the recommended transportation plan in 1967. 
All but the Ozaukee County Board adopted the recom- 
mended regional land use plan in 1967. Since then, the 
plan has been adopted or endorsed by the governing 
bodies of 11 of the 28 cities, 13 of the 54 villages, and 
14 of the 65 towns within the Region. These plans have 
also been adopted or endorsed by numerous agencies of 
government since 1967, including the Federal Highway 
Administration, the former State Highway Commission 
of Wisconsin, and the Milwaukee County Expressway 
and Transportation Commission. 

The regional land use-transportation study has provided 
many important inputs to other regional planning pro- 
grams in general, and to  water quality planning programs 
in particular. For example, the regional sanitary sewerage 
system plan recommendations for southeastern Wis- 
consin, especially those recommendations on public 
sanitary sewer service areas, are inextricably related to 
the rural-to-urban land use conversion recommendations 

and natural resource protection measures set forth 
in the adopted regional land use plan. At the same 
time, subregional planning programs, as exemplified 
by comprehensive watershed plans, are intended to 
build upon and refine the regional land use plan. For 
example, these watershed plans include refinements of 
land use plan environmental corridor delineations, with 
those refinements being based on supplemental, detailed 
natural resource base data-woodlands, wetlands, wildlife 
habitat, floodlandsacquired under the watershed plan- 
ning programs. 

Prior to synthesis of the regional land use plan, the 
Commission conducted an intensive inventory of the 
Region's natural resource base and man-made features. 
Key portions of this inventory information are updated 
and refined under a continuing regional land use-trans- 
portation study. This data base has been invaluable to  
the preparation of other plans. Inventories maintained 
current under the continuing regional land use-transporta- 
tion planning program that are useful in water quality 
planning efforts include those dealing with water quality, 
streamflow, soils, water supply systems, sanitary sewerage 
systems, land use, population, commercial-industrial 
activity, and planning law. Particularly important among 
these work elements for water quality management are 
the detailed operational soil survey of the Region docu- 
mented in SEWRPC Planning Report No. 8, Soils of 
Southeastern Wisconsin, and the regional stream water 
quality inventory documented in SEWRPC Technical 
Report No. 4, Water Quality and Flow of Streams in 
Southeastern Wisconsin, both completed in 1966 and 
maintained current since then. 

Comprehensive Watershed Studies 
The Commission very early recognized the serious char- 
acter and importance of water resources problems in the 
Region, including flooding and water pollution. The 
natural watershed was selected by the Commission as 
the basic geographic unit for water and water-related 
resources planning. There are 11 such major natural 
watersheds within the Region (see Map 2) and a twelfth 
which includes drainage areas tributary to small streams 
draining directly to Lake Michigan. Comprehensive water- 
shed plans have been completed for the Root, Fox, 
Milwaukee, and Menomonee River watershed, which 
together comprise 63 percent of the total area of the 
Region. In addition, the Commission had under prepara- 
tion a comprehensive plan for the Kinnickinnic River 
watershed, which comprises an additional 1 percent of 
the area of the Region. 

The basic purpose of the watershed planning programs, 
as developed within the context of the overall regional 
planning program, is to permit public evaluation and 
choice among alternative water resource development 
policies and plans and to provide for the coordination 
of local, state, and federal water resource management 
programs within the Region. The specific objectives of 
the watershed planning programs include abatement of 
flood damage; protection of floodlands from incom- 
patible development; abatement of water pollution 
and the protection of water supply; preservation of 
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land for parks and open space; preservation of woodlands, 
wetlands, wildlife habitat, and prime agricultural lands; 
promotion of the wise and judicious use of the Region's 
limited land and water resources; refinement and adjust- 
ment of the regional land use plan; and achievement 
of a more complete integration of land and water 
resource planning. 

Root River: The Root River watershed study was the 
first comprehensive watershed planning program and 
the second major work program directed toward prepara- 
tion of long-range development plans to be undertaken 
by the Commission. This study was initiated in July 
1964 and completed in July 1966. The findings and 
recommendations were published in SEWRPC Planning 
Report No. 9, A Comprehensive Plan for the Root 
River Watershed, and in supporting SEWRPC Technical 
Report No. 2, Water Law in Southeastern Wisconsin. 
The comprehensive watershed plan documented in the 
planning report contains specific recommendations for 
the abatement of the flooding, water quality, and related 
land use and natural resource conservation problems in 
this 197 square mile watershed. The Cbmmission adopted 
the comprehensive plan for the Root River watershed on 
September 22, 1966. As of January 1, 1977, the recom- 
mended plan has been formally adopted by the Mil- 
waukee and Racine County Boards of Supervisors; by the 
Metropolitan Sewerage Commission of the County of 
Milwaukee and the Sewerage Commission of the City of 
Milwaukee; by the Common Councils of three of the 
eight cities; and by the Town Board of one of the seven 
towns within the watershed. 

On February 5, 1971, the Root River watershed plan 
was certified by the Wisconsin Department of Natural 
Resources to the U. S. Environmental Protection Agency 
as the state-approved water quality management plan for 
the Root River basin, and on September 14, 1971, the 
U. S. Environmental Protection Agency. approved the 
plan for use by state and federal agencies in the review 
and award of federal grants-in-aid for sewerage facility 
construction. Substantial progress has been made toward 
implementing this plan, as documented in the Commis- 
sion series of annual reports. 

Fox River: The Fox River watershed study was the 
second comprehensive watershed planning program and 
the third major work program directed toward the 
preparation of long-range development plans to  be 
undertaken by the Commission. This study was initiated 
in November 1965 and completed in February 1970. 
The findings and recommendations were published in 
SEWRPC Planning Report No. 12, A Comprehensive Plan 
for the Fox River Watershed, Volume One, Inventory 
Findings and Forecasts, and Volume Two, Alternative 
Plans and Recommended Plan. The plan contains recom- 
mendations for the abatement of the flooding, water 
quality, water supply, recreation, and related land use 
and natural resource conservation problems of this water- 
shed. The study also produced special lake use reports 
for 45 of the 46 major lakes of the watershed. 

The Fox River watershed study differed from the Root 
River watershed study in that it was not conducted for 
an entire watershed, but only for the headwater portion 
of the Fox River basin. The attention of the Commission 
was focused primarily on the 942 square miles of the 
watershed lying in Wisconsin, but the Commission 
remained cognizant of the relationship of this headwater 
area to the 1,640 square mile portion of the Fox River 
watershed located in Illinois. 

The Commission adopted the comprehensive plan for the 
Fox River watershed on June 4,1970. As of January 1 ,  
1977, the Fox River watershed plan had been formally 
adopted by the Kenosha, Milwaukee, Racine, Walworth, 
and Waukesha County Boards of Supervisors; by the 
Common Councils of four of the nine cities; by the 
Village Boards of five of the 19 villages; and by the Town 
Boards of four of the 36 towns in the watershed. The 
plan also has been formally endorsed or acknowledged 
by the U. S. Department of Housing and Urban Develop- 
ment; the U. S. Department of Agriculture, Soil Conser- 
vation Service; the U. S. Department of Transportation, 
Federal Highway Administration; the U. S. Department 
of the Interior, Geological Survey; and the Wisconsin. 
Department of Transportation. 

On June 11, 1971, the Wisconsin Natural Resources 
Board approved the comprehensive Fox River watershed 
plan and on July 21, 1971, certified the plan to  the 
U. S. Environmental Protection Agency as the interim 
basin plan for the Fox River basin in Wisconsin. In 
reviewing the plan, the Environmental Protection Agency 
indicated that before formal federal approval as a fully 
approved basin plan, two issues relating to  the timetable 
for plan implementation should be addressed, one dealing 
with the nutrient removal requirements in the plan and 
the other with implementation of the proposed areawide 
sewerage system in the upper watershed. 

In response to this request by the Environmental Protec- 
tion Agency, the Wisconsin Department of Natural 
Resources, the Regional Planning Commission, and the 
concerned local units of government prepared a specific 
plan implementation schedule that included timely 
phosphorus removal recommendations for the entire 
watershed and a recommendation that the plan be 
amended to  include two major sewage treatment plants 
to serve the upper watershed area instead of the single 
plant originally recommended. On September 13,  1973, 
the Commission took formal action to amend the 
Fox River watershed plan to include the two-sewage- 
treatment-plant alternative in lieu of the one-sewage- 
treatment-plant alternative for the upper watershed area 
in the adopted plan. The amendment further included, as 
part of the adopted plan, the Revised Implementation 
Schedule for Meeting Water Quality Objectives and Waste 
Treatment Requirements for the Fox-Illinois River Water- 
shed, published in August 1973 by the Wisconsin Depart- 
ment of Natural Resources. On January 9, 1974, the 
Wisconsin Natural Resources Board certified the plan 
amendment to  the Environmental Protection Agency, 
and on April 5 ,  1974, that agency gave full approval 



to the Fox River comprehensive plan as the water quality 
management plan for the Fox River basin. Progress 
toward implementation of the amended plan is docu- 
mented in the Commission series of annual reports. 

Milwaukee River: The Milwaukee River watershed study 
was the third comprehensive watershed planning program 
undertaken by the Commission and the fourth major 
work program directed toward preparation of a long- 
range physical development plan. The study was initiated 
in October 1967 and was completed in October 1971. 
The findings and recommendations were published in 
SEWRPC planning Report No. 13, A comprehensive 
Plan for the Milwaukee River Watershed, Volume One, 
Inventory Findings and Forecasts, and Volume Two, 
Alternative Plans and Recommended Plan. Like the plan 
for the Fox River watershed, the plan for the Milwaukee 
River watershed contains recommendations for the 
abatement of the flooding, water quality, water supply, 
recreation, and related land and other natural resource 
conservation problems of this important watershed. The 
study also produced special lake use reports for all of 
the 21 major lakes of the watershed. Of particular impor- 
tance to the Section 208 water quality planning and 
management program are the recommendations contained 
in the plan for the abatement of water pollution from 
combined sewer overflows in the entire Milwaukee metro- 
politan area. 

The Milwaukee River watershed study differed from the 
Root and Fox River watersheds in that a significant 
portion-about 38 percent-of the headwater area of 
the 694 square mile watershed is located outside and 
north of the seven-county Region. It was evident to 
all concerned that the entire watershed should be 
included in any comprehensive planning program. This 
meant including in the study the considerable portions 
of the watershed lying outside of the Region in Fond 
du Lac and Sheboygan Counties, as well as the very 
small area of the watershed lying in Dodge County. 
Fond du Lac and Sheboygan Counties accordingly 
were requested to join in the work of the watershed 
committee established by the Commission, and their 
consent and participation marked the first time that 
neighboring counties formally and actively participated 
in a Commission planning program. 

The comprehensive Milwaukee River watershed plan was 
formally adopted by the Commission in March 1972. As 
of January 1 ,  1977, the plan had been formally adopted 
by the Milwaukee, Ozaukee, Sheboygan, and Washington 
County Boards of Supervisors; by the Common Council 
of the City of Milwaukee; by the Common Councils of 
one of five cities in the watershed, by the Village Boards 
of three of the 18  villages in the watershed; by the Town 
Board of one of 22 towns within the watershed; by the 
Sewerage Commission of the City of Milwaukee and the 
Metropolitan Sewerage Commission of the County of 
Milwaukee; by the City of Milwaukee Board of Harbor 
Commissioners; and by the Milwaukee County Park 
Commission. The watershed plan has also been formally 
endorsed or acknowledged by such important state 
and federal agencies as the Wisconsin Board of Soil 

and Water Conservation Districts; the Wisconsin Board 
of Health and Social Services; the Wisconsin Department 
of Transportation; the U. S. Department of Agriculture, 
Soil Conservation Service and Farmers Home Adminis- 
tration; the U. S. Department of Housing and Urban 
Development; the U. S. Department of the Interior, Geo- 
logical Survey and Bureau of Outdoor Recreation; and 
the U. S. Department of Transportation, Federal High- 
way Administration. 

The Wisconsin Natural Resources Board on July 26,1972, 
approved the Milwaukee River watershed plan, and on 
August 3, 1972, certified the plan to the U. S. Environ- 
mental Protection Agency as the approved water quality 
management plan for the basin. On March 19, 1973, 
the latter agency approved the plan, noting that it "is 
certainly without equal in the State of Wisconsin with 
respect to comprehensiveness and quality of planning."' 
Thus the Milwaukee River watershed plan currently 
stands as an approved basin plan being utilized by the 
state and federal agencies in support of the review and 
award of federal grants-in-aid for sewerage and water 
quality control facility construction. 

Menomonee River : The Menomonee River watershed 
study was the fourth comprehensive watershed planning 
program to be undertaken by the Commission. Work 
on the Menomonee River watershed study was initiated 
in March 1972 and was completed in October 1976, 
resulting in the publication of SEWRPC Planning Report 
No. 26, A Comprehensive Plan for the Menomonee River. 
Like the other watershed plans. this plan contains recom- 
mendations for the abatement of flooding, land and other 
natural resource conservation, and park and related open 
space development. The water quality management 
element of this plan serves as an integral part of and 
a prototype for the areawide water quality plan for the 
Region, including in particular recommendations on the 
abatement of pollution from both urban and rural non- 
point sources. The comprehensive Menomonee River 
watershed plan was formally adopted by the Commission 
on January 20, 1977, and transmitted for local adoption 
and implementation. As of June 1 ,  1977, the plan had 
been formally adopted by Washington County. 

Kinnickinnic River: A comprehensive planning program 
for the Kinnickinnic River watershed was initiated in 
1976, and is being conducted concurrently with and 
in full coordination with the areawide water quality 
management planning program. The two programs 
complement each other, particularly on the determina- 
tion of water quality conditions along the Kinnickinnic 
River and its tributaries and the resolution of pollution 
problems within the watershed. 

' ~ e t t e r  from Francis T.  Mayo, Regional Administrator, 
U. S. Environmental Protection Agency, to L. P. Voight, 
Secretary, Wisconsin Department o f  Natural Resources, 
dated March 19, 1973. 



Regional Sanitary Sewerage System Planning Program 
Recognizing the importance of sanitary sewerage to 
regional development, the Commission 1969 initiated 
a regional sanitary sewerage system planning program. 
This program was completed in May 1974 with the formal 
adoption of the plan by the Commission and publication 
of SEWRPC planking ~ e ~ o r t  No. 16, A ~ e ~ i o n a l  Sanitary 
Sewerage System Plan for Southeastern Wisconsin. The 
regional sanitary sewerage system plan was initially 
envisioned as a plan to provide recommendations for the 
ultimate urban service areas to be considered in the 
extension of major trunk sewers in the urbanizing areas 
of the Region in order to meet planning requirements set 
forth in the 1960's by the U. S. Department of Housing 
and Urban Development. During the plan preparation 
period, however, as the federal and state governments 
began to take a more active interest in water quality 
management planning, the plan evolvedat the behest 
of the advisory committee-into a broader effort to 
identify the size, type, and location of all waste treat- 
ment works necessary to serve the Region to the year 
1990, together with the level of treatment required to  
meet established water use objectives. As such, the plan 
attempted in part to  satisfy evolving federal planning 
guidelines for waste water planning, although it was 
recognized in the plan that not all of the rapidly evolving 
federal guidelines, and in particular not all of the Sec- 
tion 208 planning requirements, could be met through 
the regional sanitary sewerage system planning effort. 

The regional sanitary sewerage system plan produced 
under the study is composed of four major elements: 
recommended sanitary sewer service areas, recommended 
sewage treatment facilities, recommended trunk sewers, 
and recommendations for the abatement of combined 
sewer overflows. The plan recommends that centralized 
sanitary sewer service be extended to a total of 670 square 
miles, or about 25 percent of the total area of the Region. 
The plan also recommends that sewage treatment be 
provided through a total of 52 public facilities and that, 
in order to meet the established water use objectives and 
supporting water quality standards, 41 of the 52 facilities 
provide an advanced level of treatment. Twenty-two 
existing public sewage treatment facilities and 29 existing 
private sewage treatment facilities would be abandoned 
upon full implementation of the plan. The plan further 
recommends the general alignment and approximate size 
of those intercommunity trunk sewers required to  extend 
trunk sewer service from the recommended treatment 
plants into the recommended sewer service areas, as 
well as to permit the relocation of certain sewage treat- 
ment facilities and the abandonment of other sewage 
treatment facilities. As for the abatement of pollution 
from combined sewer overflows, the plan recommends 
proceeding with implementation of the Milwaukee River 
watershed plan recommendation to conduct a prelimi- 
nary engineering study, including further consideration 
of the construction of a combination deep tunnel mined 
storage/flowthrough treatment system to collect, convey, 
and adequately treat all combined sewer overflows in 
Milwaukee County. In the Kenosha and Racine areas, the 
plan recommends that definitive recommendations on 
which of the remaining combined sewer areas should be 

separated and which should receive specialized sewage 
treatment facilities be held in abeyance until the com- 
pletion of the combined sewer overflow research and 
demonstration studies in those communities. Finally, the 
plan includes several auxiliary recommendations, includ- 
ing recommendations for the mounting of clear water 
elimination efforts; the elimination of nearly 600 known 
points of sewage flow relief in the Region; the full meter- 
ing of all sewage flows, including bypassed flows; the 
undertaking of special studies for sludge handling, dis- 
posal, or recycling; and the conduct of a continuing water 
quality monitoring program. 

The regional sanitary sewerage system plan was formally 
adopted by the Commission on May 13, 1974. As of 
January 1, 1977, it had been formally adopted by the 
County Boards of Milwaukee, Walworth, and Washington 
Counties; the Common Councils of four of the 28 cities 
in the Region including the City of Milwaukee; the 
Village Boards of 11 of the 54 villages within the Region; 
and by the governing boards of the Allenton Sanitary 
District, the Delavan Lake Sanitary District, the Sewerage 
Commission of the City of Milwaukee, and the Metropoli- 
tan Sewerage Commission of the County of Milwaukee. 
In addition, the plan has been reviewed and endorsed by 
the Wisconsin Departments of Administration and Local 
Affairs and Development and by the U. S. Department 
of Agriculture, Farmers Home Administration; the 
U. S. Department of the Interior, Geological Survey; and 
the U. S. Department of the Army, Corps of Engineers. 
Finally, on March 6, 1975, the Wisconsin Department of 
Natural Resources advised the Commission that the 
regional sanitary sewerage system plan would be certified 
to the U. S. Environmental Protection Agency as an 
interim plan for guidance in administration of federal 
construction grants until completion of the areawide 
water quality management program authorized under 
Section 208 of the 1972 Amendments to the Federal 
Water Pollution Control Act. Subsequently, on Decem- 
ber 14, 1977, the plan was formally certified by the 
Secretary of the Wisconsin Department of Natural 
Resources to the Regional Administrator, Region V, 
U. S. Environmental Planning Agency as the interim 
point source element of the areawide water quality 
management plan. 

Coastal Zone Management 
Since 1975 the Commission also has been involved. in 
cooperation with the Wisconsin Office of State Planning 
and Energy, in developing a coastal zone management 
planning program for the shoreline of Lake Michigan 
within southeastern Wisconsin. To date, the Commission 
has participated actively in the public review and discus- 
sion of coastal management problems, as well as in the 
provision of technical data for program development, 
and anticipates that a technical planning and manage- 
ment program may be undertaken in 1978 to address 
such problems as water quality, public access, natural 
areas of protection, port development, and shoreline 
erosion along the Lake Michigan shoreline within south- 
eastern Wisconsin. 



Community Assistance Program 
The Commission also conducts a community assistance 
program which is essential not only to the wide dis- 
semination of data assembled under the regional planning 
program but also to the further understanding and 
implementation of adopted regional and subregional plan 
elements. Toward this end, the Commission community 
assistance program has included the preparation of local 
planning guides and model land use control ordinances; 
sponsorship of planning conferences and workshops; 
publication of a bimonthly newsletter; the extension of 
functional guidance and advice on local as well as regional 
developmental and environmental problems to communi- 
ties upon request; and the provision of project planning 
services and resident staff services at cost to local units 
of government, also upon request. 

Of particular importance to the areawide water quality 
management planning program are the following types 
of community assistance activities: 

1.  The preparation of land use control ordinances 
designed at least in part to abate water pollution. 
Recent efforts toward this end are the City of 
Muskego Subdivision Control Ordinance, which 
includes specific provisions aimed at ensuring 
consideration of erosion control and sedimenta- 
tion as part of the subdivision development 
process, and the Walworth County Zoning and 
Shoreland Zoning Ordinances, both of which con- 
tain numerous provisions for regulation of both 
urban and rural activities to reduce undesirable 
runoff and concomitant surface water pollution. 

2. The preparation of municipal ordinances designed 
to prohibit the introduction of undesirable matter 
into sanitary sewerage systems, including ordi- 
nances prohibiting the introduction of ground- 
water from sump pump systems into sanitary 
sewerage systems. 

3. The conduct of conferences and meetings con- 
cerning water quality management. The most 
recent example of this type of community 
assistance effort was the Regional Conference 
on Sanitary Sewerage System User and Industrial 
Waste Treatment Recovery Charges held by the 
Commission on July 18, 1974. 

4. The conduct of special water quantity and quality 
studies for local units of government upon 
request. Recent examples of this type of effort 
include the drainage and water level control plan 
for the Rochester-Waterford-Wind Lake areas of 
the Lower Fox River watershed, as documented 
in SEWRPC Community Assistance Planning 
Report No. 5, and the floodland information 
report prepared for the City of Hartford, as docu- 
mented in SEWRPC Community Assistance 
Planning Report No. 4. 

5. The preparation of detailed land use plans for 
numerous neighborhoods and civil towns within 
the Region. 

Planning Guides 
The Commission has established a series of local planning 
guides that are intended to constitute manuals of local 
planning practice and, as such, to  improve the overall 
quality of planning within the Region and promote sound 
community development properly coordinated on 
a regionwide basis. The guides discuss the planning 
principles involved in the particular subject matter, 
contain examples of good planning practice, and provide 
the local elected officials and technicians with model 
ordinances and forms to assist them in their everyday 
planning efforts. 

To date. six such rmides have been published by the 

land and Shoreland Development Guide (1968); and 
a Soils Development Guide (1969). The latter two guides 
have ~articularlv important implications for water 
pollution controi and water management efforts 
throughout the Region because the planning and plan 
implementation principles discussed deal directly with 
the need to properly adjust urban land use development 
to  the natural resource base and to regulate both rural 
and urban development to minimize adverse impacts on 
water quality. 

Air Quality Maintenance Planning 
In 1973, during Commission reevaluation of regional 
land use and transportation plans, the need to consider 
the details of the impacts of regional plans on ambient 
air quality became apparent. In addition, new federal 
requirements led to the proposal that the sevencounty 
Southeastern Wisconsin Region Intrastate Air Quality 
Control Region also be designated an Air Quality Main- 
tenance Area. These events led to the 1974 development 
of a comprehensive regional air quality planning program. 
The major elements of the regional air quality main- 
tenance planning program for southeastern Wisconsin 
were set forth in the Regional Air Quality Maintenance 
Planning Program Prospectus published in July 1974. 
This program is currently underway and is funded in part 
by the U. S. Environmental Protection Agency and in 
part by the Wisconsin Departments of Natural Resources 
and Transportation. Since the Commission has been given 
and has assumed the responsibility for regional air quality 
maintenance planning as well as areawide water quality 
management planning, these two programs have been 
fully coordinated, utilizing common demographic, eco- 
nomic, land use, and transportation data. Those elements 
of the regional air quality maintenance planning program 
that relate to  water quality are fully integrated into the 
areawide water quality management planning program, 
inclusive of the levels of air pollutants contributing 
materials to  the land and water surfaces of the Region as 
forecast under the regional air quality maintenance plan. 

Other Regional and Subregional Plagning Programs 
Six additional regional planning programs have been con- 
ducted by the -commission. s  he regional planning 
program for parks, outdoor recreation, and related open 
spaces was completed in 1977 and provides important 
information on recreational water use in the Region. The 



regional airport system plan was completed in 1975, the 
regional housing study in 1975, and the regional library 
system plan in 1974. 

The Commission also has completed more detailed urban 
development plans for certain subareas of the Region, 
including the Kenosha and Racine Urban Planning 
Districts. Of particular importance to  the areawide water 
quality management planning program are those recom- 
mendations in these plans which directly relate to land 
use development; to  storm water retention and drainage; 
and to sanitary sewage conveyance and treatment. The 
comprehensive plan for the Kenosha Urban Planning 
District was adopted by the Regional Planning Commis- 
sion on June 1, 1972, and was adopted by the City of 
Kenosha on October 16, 1972. The comprehensive plan 
for the Racine Urban Planning District was adopted by 
the Regional Planning Commission on June 5, 1975. 

AREAWIDE WATER QUALITY 
MANAGEMENT PLANNING PROGRAM 

Section 208 of the 1972 Amendments to the Federal 
Water Pollution Control Act (P.L. 92-500) provides for 
the development and implementation of areawide water 
quality management planning programs across the nation; 
In response to  this Congressional Act, and in accordance 
with its statutory areawide planning responsibilities and 
the findings and recommendations of its previous water 
quality planning efforts, the Southeastern Wisconsin 
Regional Planning Commission adopted a resolution on 
May 13, 1974, requesting the Governor of the State of 
Wisconsin to  officially designate the seven-county south- 
eastern Region as an areawide water quality management 
planning area and the southeastern Wisconsin Regional 
Planning Commission as the official planning agency for 
that area. These requests were presented in accordance 
with the procedural requirements set forth in Section 208 
of the Act, and substantiating information relating to 
the planning area and planning agency designations can 
be found in a document prepared by the commission in 
the spring of 1974." 

2 ~ o r  more detailed descriptions o f  these planning wro- 
grams, see SE WRPC planning ~ e ~ o k t  No.  l-0, A ~ o m i r e -  
hensive Plan for the Kenosha Planning District; SEWRPC 
Planning Rewort No.  14. A Comwrehensive Plan for the - .  
Racine Urban planning ~ i s t r i c t ;  SEWRPC ~ianning 
Report No. 19. A Librarv Facilities and Services Plan for 
southeastern '~isconsini  SE WRPC Planning ~ e ~ b r t  
No.  20. A Regional Housing Plan for Southeastern 
 isc cons in; S E W ~ P C  Planning Report NO. 21, A Regional 
Airport System Plan for Southeastern Wisconsin; and 
SEWRPC Planning Report No. 27, A Regional Park and 
Open Space Plan for Southeastern Wisconsin (in printing). 

3 ~ e e  "Substantiating Information for Area and Plan- 
ning Agency Designation Under Section 208 of the 
Federal Water Pollution Control Act Amendments, 
1972," SEWRPC and Wisconsin Departments o f  Natural 
Resources and Administration, May 1974. 

Study Objectives 
The primary objective of the areawide water quality 
management planning program for southeastern Wis- 
consin, as set forth in the approved study design? is to 
prepare and adopt an areawide water quality manage- 
ment plan providing for the abatement and prevention 
of water pollution in the lakes and streams of the Region 
to the year 2000. In addition, the plan is intended to 
include specific recommendations for the designation of 
management agencies. More specifically, the objectives 
of the planning program are to: 

1. Provide for full integration of Commission 
regional water quality management planning with 
regional land use planning. 

2. Provide for the conduct of a refined areawide 
water quality and quantity monitoring and 
modeling program. 

3. Prepare an areawide point source pollution abate- 
ment plan element through revision and refine- 
ment, as may be found necessary, of the previously 
prepared and adopted comprehensive watershed 
and regional sanitary sewerage system plans. 

4. Prepare an areawide nonpoint source pollution 
abatement plan element, extending previous 
Commission watershed planning efforts. 

5. Prepare a practical areawide sludge management 
systems plan element. 

6. Prepare a practical areawide water quality man- 
agement plan element for the continuous streams 
and major lakes of the Region. 

7. Conduct subarea facilities planning for municipal 
wastewater conveyance and treatment facilities 
anticipated t o  be constructed within a five-year 
period following completion of the Section 208 
plan (this objective to  be achieved through 
separate Section 201 funding). 

8. Provide for the establishment of a continuing 
areawide water quality planning and management 
program for southeastern Wisconsin. 

Relationship to Areas Served by Combined 
Storm and Sanitary Sewers, the Lake Michigan 
Estuaries, Lake Michigan, and Groundwater Quality 
The achievement of these objectives is limited to the 
geographic area of the study. The approved study design 
for the areawide water quality management planning 
program indicated that the initial work effort could not 
include the identification, evaluation, and development 
of proposals for the resolution of water quality problems 

4 ~ e e  Study Design for the Areawide Water Quality 
Planning and Management Progmm for Southeastern 
Wisconsin: 1975-1977, SEWRPC, July 1975. 



in the combined sewer overflow areas or in Lake Michigan 
itself. In its previous work efforts the Commission had 
completed the systems level analyses of the combined 
sewer overflow problems in the Milwaukee River water- 
shed and identified the most cost-effective solutions to 
those problems. The Commission recommended that, 
as the next step toward the abatement of combined 
sewer overflows in the Milwaukee, Kenosha, and Racine 
combined sewer service areas, detailed facilities plans 
for the combined sewer overflow abatement facilities 
should be developed. These facility plans are to  comprise 
an integral element of the areawide water quality manage- 
ment plan. 

The recreational, aesthetic, economic, and water supply 
benefits of Lake Michigan are among the most important 
assets of the Region and are vital to  the continued well 
being of its residents. However, the technical and institu- 
tional complexities of managing this Lake are beyond 
the scope of the initial areawide water quality manage- 
ment planning effort. Indeed, certain wide ranging 
scientific studies prerequisite to  this task are just now 
being conducted by the International Joint Commission. 
The Regional Planning Commission has concluded that 
any sound analysis of water quality problems in Lake 
Michigan must address the allowable pollutant loading 
levels within not only the portions of Lake Michigan 
which form the eastern border of the Southeastern Wis- 
consin Region but in the entire body of water, together 
with its tributary drainage area. The necessary studies 
are clearly beyond the geographic and fiscal limits of 
Commission abilities. Consequently, the Commission can 
only assist an appropriate lead agency, such as the Great 
Lakes Basin Commission, in any comprehensive planning 
effort for Lake Michigan as a whole. 

The Commission has observed that those reaches of the 
Kinnickinnic, Menomonee, and Milwaukee Rivers which 
lie within and downstream of the combined sewer over- 
flow area function as estuaries of Lake Michigan. As such, 
those reaches are highly complex in their hydrology and 
hydraulics, exhibiting not only thermal and chemical 
density currents and backwater effects from Lake Michi- 
gan, but also the mechanical effects of ship traffic in the 
inner harbor and the estuary-like effects of Lake Michigan 
itself. Accordingly, a study of these areas which carry the 
waste from the combined sewer areas and which serve as 
complex elements of both the river systems and the Lake, 
are considered to  be beyond the scope of the initial 
areawide water quality management planning effort. 
The Commission believes that the harbor-estuary area 
ultimately must be studied to the same level of detail as 
the tributary streams have been to identify the actions 
needed to enhance or maintain water quality conditions. 
Similar study may be appropriate in the harbors at 
Kenosha, Racine, and Port Washington. In order to 
conduct suitable analyses, certain information will be 
requiredsuch as current and anticipated pollutant 
transport rates and water quality conditions in the 
tributary streams-which has been obtained during the 
conduct of the areawide water quality planning and 
management program. The harbor-estuary study, as 
such, is proposed, however, to  be accomplished under 

the continuing areawide water quality management 
planning effort. Once the inland lakes and streams and 
the intervening estuary areas have been examined for 
their roles in pollutant contribution, transport, storage 
and release, the Commission will be prepared to con- 
tribute to a sound study of the human effects upon and 
the control measures required to  protect and enhance the 
water quality of Lake Michigan itself. To this end, the 
initial study does include recommendations for actions 
anticipating such a work effort. 

Similarly, the Commission determined that ground- 
water quality problems within the Region could only be 
addressed to a limited degree under the initial areawide 
water quality planning program. More specifically, pre- 
vious Commission work efforts related to groundwater 
quality and quantity, groundwater recharge areas, and 
some additional data on groundwater pollution potential 
would be incorporated in this study. It should be noted 
that groundwater is an integral element of the hydrologic 
system by which water pollutants are moved through 
the environment, and that the protection of groundwater 
quality is vital to  the continued well-being of the Region 
and its potential for further development. Conceptually, 
the consideration of groundwater problems in this initial 
work effort of the areawide water quality planning pro- 
gram was to be limited t o  those aspects which interact 
with surface water quality conditions. It is particularly 
important to note the Commission's continuing interest 
in these water resources management and planning prob- 
lems, and the expectation of the Commission that at 
some future time the technical and financial resources 
necessary to  address these problems in full detail will 
become available. 

Relationship to  Other Concurrent Studies in the Region 
In addition to the areawide water quality management 
planning program conducted by the Commission, two 
other important water resources-related studies involving 
the Commission were underway within the Region during 
the study period. These research efforts included the 
pilot watershed study of the Menomonee River watershed 
conducted by the International Joint Commission and 
the Washington County Sediment and Erosion Control 
Project being conducted by the Washington County Soil 
and Water Conservation District and the State Board of 
Soil and Water Conservation Districts in cooperation with 
the University of Wisconsin. The Commission is involved 
as a project participant in both of these studies, which 
are essentially of a research nature. 

Menomonee River Pilot Watershed Study: In April 1972 
the governments of Canada and the United States signed 
a Great Lakes Water Quality Agreement and requested 
that the International Joint Commission (IJC)5 investigate 
pollution of the Great Lakes from various land use 
activities. The IJC then established the Great Lakes Water 
Quality Board to  carry out the provisions of the Great 
Lakes Water Quality Agreement. The Board, in turn, 
created an international reference group on Great Lakes 
pollution from land use activities for the purpose of 
carrying out detailed studies relating to the effect of land 
use on water quality. 



Included in the detailed studies of the reference group6 is 
a series of intensive studies of a small number of water- 
sheds within the Great Lakes basin. These watersheds 
were carefully selected to permit extrapolation of the 
data and findings of the studies to the entire Great Lakes 
basin and to relate water quality degradation found at 
river mouths to specific land uses in the tributary areas. 
The Menomonee River watershed in the Southeastern - - 

Wisconsin Region was selected as one of the seven water- 
sheds to be studied, with particular emphasis upon the 
impact of urban land uses on Great Lakes water quality. 
Work on the Menomonee River pilot watershed study 
was initiated in 1973 and is scheduled for completion in 
early 1978. 

The principal objectives of the Menomonee River pilot 
watershed study were: 

1. To determine the levels and quantities of major 
and trace pollutants, including but not limited to 
nutrients, pesticides, and sediments reaching and 
moving in stream systems tributary to the Great 
Lakes. 

2. TO identify the sources and evaluate the behavior 
of pollutants from an urban complex, with 
particular emphasis on the potential-impact of 
residential, commercial, and industrial land use 
development, including supporting utility and 
transportation facilities, and of construction 
activities associated with rapid urbanization on 
stream water quality. 

5 ~ h e  IJC, established in 1912 under provisions of the 
1909 Canada-U. S. Boundary Waters Treaty, is composed 
of six members, including three Canadian and three 
U. S. representatives. The IJC has two major responsibili- 
ties. The first is to approve or reject allproposals involving 
the utilization, obstruction, or diversion of surface waters 
on either side of the Canada-U. S. boundary. IJC actions 
or proposals are final. The second reponsibility is to 
investigate and make recommendations concerning 
special projects and problems in response to requests  
formally referred to as references-received from either 
o r  both governments. IJC actions with respect to refer- 
ences, which have dealt with a variety of topics including 
air and water pollution, are not binding on either of the 
two aovernments. For a detailed discussion of the IJC. 
refer-to: A Proposal for Improving the ~anagement  of 
the Great Lakes of the United States and Canada, Tech- 
nical Report No. 62, Water Resources and Marine Sciences 
Center, Ithaca, New York, January 1973. 

'~etailed Study Plan to Assess Great Lakes Pollution 
from Land Use Activities, submitted to the Great Lakes 
Water Quality Board, International Joint Commission, 
by the International Reference Group on Pollution 
of the Great Lakes from Land Use Activities, March 
1974, 128 pp. 

3. To develop the predictive capability necessary 
to facilitate extension of the findings of the 
Menomonee River pilot watershed study to other 
urban settings, leading to an eventual goal of 
permitting the accurate estimation of pollutant 
inputs from urban sources for the entire Great 
Lakes basin. 

The Menomonee River pilot watershed study is a research 
endeavor of both national and international importance, 
and thus afforded the Commission staff an opportunity 
to participate in a sophisticated technical project, staffed 
with experienced research personnel. The project was 
a joint endeavor between the Wisconsin Department of 
Natural Resources; the University of Wisconsin System, 
Water Resources Center; and the Regional Planning Com- 
mission. The Commission staff contribution to the 
conduct of the study included project management, data 
provision, and systems analysis. Although the Menomonee 
River watershed pilot study was not scheduled for com- 
pletion until 1978, some of the preliminary findings of 
the research effort and assistance of the project personnel 
were very helpful in the areawide water quality manage- 
ment planning program. 

The objectives of the Menomonee River pilot watershed 
study-as noted, primarily a research endeavor--differ 
markedly in content, methodology, and scope from the 
Commission Menomonee River watershed study, the 
latter being intended to provide specific recommenda- 
tions for the solution of existing flooding, pollution, 
and related land use problems within the watershed and 
the prevention of future problems. 

Washington County Sediment and Erosion Control 
Project: In another research effort funded by the 
U. S. Environmental Protection Agency, the Commission 
is participating with the ~ i s c o n s k  ~ t % e  Board of Soil 
and Water Conservation Districts, the Washington County 
Board of Supervisors, and the Washington County Soil 
and Water Conservation District in the conduct of a sedi- 
ment and erosion control study. The Federal Water 
Pollution Control Act Amendments of 1972 focused 
attention on certain diffuse, or nonpoint, pollution 
sources, including sediments. This legislation encouraged 
evaluation of the sources and extent of sediment and 
related pollution associated with both agricultural and 
urban lands. Examination of the legal, economic, and 
other aspects of the implementation of erosion and 
sediment control methodology also was called for in 
the legislation. 

In response to the provisions of the 1972 Amendments, 
a demonstration project was initiated in Washington 
County in July 1974 under the leadership of the Wis- 
consin State Board of Soil and Water Conservation 
Districts and the University of Wisconsin. Although more 
commonly known as the Washington County Project, 
the formal name of this demonstration study is "Devel- 
opment and Implementation of a Sediment Control 
Ordinance: Institutional Arrangements Necessary for 
Implementation of Control Methodology on Urban and 



Rural ~ a n d s . " ~  The principal objectives of the Washing- 
ton County Project, as set forth in the funding application 
to the U. S. Environmental Protection Agency, were: 

1. To demonstrate, through a monitoring program, 
the effectiveness of land use control techniques 
in improving surface water quality. 

2. To develop a model sediment control ordinance 
acceptable to landowners and the several govern- 
mental authorities responsible for regulatory 
measures in incorporated and unincorporated 
areas on a countywide basis. 

3. To determine the combination of institutional 
arrangements in the form of laws and intergovern- 
mental relationships involving federal, state, 
county, and municipal governments required for 
implementing the ordinance in incorporated and 
unincorporated areas. 

4. To develop a description of the personnel required 
and the level of technical assistance needed to 
implement a sediment control program using 
a regulatory approach. 

5. To develop and systemize the educational and 
informational dissemination effort required for 
implementing a sediment control program using 
a regulatory approach. 

6. To predict the water quality benefits to be 
derived from the implementation of similar 
ordinances throughout the Great Lakes Drainage 
Basin and develop educational materials useful 
for implementing sediment control programs 
through the Region. 

In addition to the Wisconsin Board of Soil and Water 
Conservation Districts and the University of Wisconsin 
System, the following governmental units and agencies 
participated in the conduct of the Washington County 
Project: the Wisconsin Geological and Natural History 
Survey; the U. S. Department of Agriculture, Soil Con- 
servation Service; the U. S. Department of Interior, 
Geological Survey; the Washington County Board; the 
Washington County Soil and Water Conservation Super- 
visors; the Village of Germantown; and the Southeastern 
Wisconsin Regional Planning Commission. 

The primary function of the Commission in this study 
is to provide data and information about the natural 
resource base and man-made features of Washington 

7"Development and Implementation of a Sediment 
Control Ordinance: Institutional Arrangements Neces- 
sary for Implementation of Control Methodology on 
Urban and Rural Lands," application to the U. S. Envi- 
ronmental Protection Agency from the University of 
Wisconsin System on behalf of the Wisconsin Board of 
Soil and Water Conservation Districts, February 28, 
1974, 50 pp. 

County. This data and information base have been 
assembled by the Commission as a result of its land and 
water resource planning efforts, including the Milwaukee 
and Menomonee River watershed planning programs, 
and the areawide water quality management planning 
program. In addition to  the primary function of data 
and information provision, the Commission has assisted 
in the preparation of detailed land use plans for selected 
demonstration areas, served on committees established 
to manage the study, aided in the development and 
review of  proposed control ordinances and other institu- 
tional topics, and will assist in implementation of the 
study findings. The Southeastern Wisconsin Regional 
Planning Commission provided the above services under 
contract to the University of Wisconsin. 

Washington County was selected as the site for the 
demonstration project for a variety of reasons, including 
the extensive data and information base available from 
the Commission and the existence of a variety of rural 
and urban subbasins within the County. Another factor 
entering into the selection of Washington County was the 
expressed interest of local communities and governmental 
units in solving erosion and sedimentation problems 
attendant to agricultural activities and urbanization. The 
Washington County Project focused its field studies on 
two areas: an agricultural area tributary to Kewaskum 
Creek in the Milwaukee River watershed and an urbaniz- 
ing area in the Village of Germantown tributary to the 
Menomonee River. 

Facilities Planning and Wastewater Discharge Permits 
in the Region: The areawide water quality management 
planning program was conducted during a period of 
intense activity within the Region in the planning, design, 
and construction of facilities for the abatement of water 
pollution from municipal sanitary sewerage systems. The 
watershed and regional sanitary sewerage system plans 
adopted by the Commission served as the basis for the 
facilities planning efforts underway during the initial 
stages of the areawide water quality management plan- 
ning effort. This procedure made it possible for the 
municipalities in the Region to proceed with the orderly 
development of needed pollution abatement facilities. In 
accordance with requirements of federal law, the area- 
wide water quality plan will become the basis for all 
future reviews of federal grant requests for the construc- 
tion of wastewater collection and treatment systems and 
for the discharge permits required under the National 
Pollutant Discharge Elimination System and the Wis- 
consin Pollutant Discharge Elimination System. 

Inland Lake Rehabilitation Studies in the Region: Since 
1973, the State of Wisconsin has encouraged the pro- 
tection and rehabilitation of inland lakes through the 
Inland Lake Renewal Program, established under Chap- 
ter 33 of the Wisconsin Statutes. The Bureau of Inland 
Lake Renewal of the Wisconsin Department of Natural 
Resources administers a program of technical assistance 
and grants-in-aid to identify the problems, the control 
alternatives, and the implementation activities of concern 
to the residents of the area, as represented in official 
Inland Lake Protection and Rehabilitation Districts, 



special purpose units of government authorized for 
creation under the same statute. In the Region, these 
specific and localized planning and implementation 
activities have been conducted in close coordination with 
the areawide water quality planning program. This 
coordination has been assured during the initial stages 
of the areawide water quality management planning 
period by the joint conduct of four of the lake manage- 
ment feasibility studies, with portions of the work 
funded by the Commission through the areawide water 
quality planning program. An additional nine lakes were 
studied with funding support provided under the area- 
wide water quality management planning program to 
provide important technical data on the characteristics 
of special types of lakes. The Wisconsin Department of 
Natural Resources has assured the Commission that, for 
these nine lakes, the findings of the areawide water 
quality planning program will stand as the feasibility 
studies to be used by the State in the administration of 
implementation grants for lake management. For the 
other lakes studied directly under the provisions of 
Chapter 33 of the Wisconsin Statutes, the usual inland 
lake studies conducted jointly by the local inland lake 
protection and rehabilitation district, in cooperation 
with the Department of Natural Resources and the 
Commission, will serve this function. 

Organization for the Areawide Water 
Quality Planning and Management Program 
Areawide water quality management planning necessarily 
involves a broad array of levels, units, and agencies of 
government and of private interests. Accordingly, an 
organizational structure was established for the program 
to  provide for active participation in the planning effort 
by these entities. The staff and consultant requirements, 
the advisory committee structure and public participa- 
tion aspects of the program all were carefully designed 
to achieve a truly cooperative program. The organiza- 
tional structure for the study is shown in Figure 2. As 
depicted in that Figure, the Southeastern Wisconsin 
Regional Planning Commission, as the officially desig- 
nated planning agency, has the primary responsibility 
for preparation and adoption of the areawide water 
quality management plan for the Region. The Commis- 
sion Planning and Research Committee provided basic 
policy guidance for the study. The breadth and com- 
plexity of the program, however, preclude the possibility 
of any single agency-whatever its function or authority- 
operating independently or unilaterally in the conduct 
of such a study. Accordingly, the basic organization 
for the study includes, as shown in Figure 2, a Tech- 
nical Advisory Committee, an Intergovernmental Coor- 
dinating Committee, and a Citizens Advisory Panel 
for Public Participation. 

The Technical Advisory Committee was established early 
in 1975 and provided assistance in the preparation of 
the study design and project grant. This Committee 
officially replaced the previously functioning Commission 
Technical Coordinating and Advisory Committee on 
Regional Sanitary Sewerage System Planning. The Tech- 
nical Advisory Committee on Areawide Water Quality 
Management Planning actively involved-at the technical 

level-various governmental, business, industrial, agricul- 
tural, and university interests in the Region in the area- 
wide water quality management planning process, placing 
at the disposal of the Commission the knowledge and 
experience of the members for use in directing the 
planning effort. Suitable subcommittees of this Technical 
Advisory Committee were established as necessary 
throughout the course of the study, specifically to select 
consultant firms as needed and to review technical 
reports prepared by the Commission staff. One of these 
subcommittees served as the technical advisory committee 
for the regional sludge management systems planning 
program, a work element of the areawide water quality 
planning and management program, and served concur- 
rently as an advisory committee to the joint Sewerage 
Commissions of the City and County of Milwaukee in the 
facilities planning study for solids handling at the South 
Shore and Jones Island sewage treatment plants. 

The Intergovernmental Coordinating Committee on 
Water Quality Management Planning was established for 
the basic purpose of guiding and shaping those aspects 
of the areawide water quality management planning 
effort having important intergovernmental and inter- 
agency policy implications. This Committee was charged 
with the specific responsibility of reviewing intraregional 
priorities for the funding of wastewater treatment and 
related sewerage facility construction and for integrating 
and coordinating these intraregional priorities with those 
established for other regions within the State of Wis- 
consin. For this reason the Committee composition 
included senior level representatives from the key federal, 
state, and local wastewater management agencies involved. 
The Committee, on its own initiative, also expressed 
special interest in the institutional aspects of the areawide 
water quality management planning program. 

The Citizens Advisory Panel for Public Participation 
provided an opportunity for the representatives of citizen 
interest groups to  become familiar with and influence the 
planning program, the resulting plan, and the implemen- 
tation measures proposed. The Panel also provided the 
Commission with an opportunity to  discuss with citizen 
interest groups both the subject and content of the 
areawide water quality planning program as well as the 
means of presenting relevant aspects of the planning 
program to the general public. The membership of each 
of these committees and selected subcommittees is set 
forth in Appendix A to this report. 

In addition to  the advisory committees directly involved 
with the areawide water quality planning and manage- 
ment program, the Commission and the Commission staff 
relied upon major input of interested and affected parties 
and governmental entities through the other standing 
advisory committees to the Commission. Through these 
other advisory committees, instituted for other specific 
Commission programs, additional factors bearing on the 
water quality planning effort-such as land use, transpor- 
tation, and air quality--could be given consideration to 
assure that a comprehensive and integrated physical 
planning process occurred and was supported through 
the development of the areawide water quality planning 
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Figure 2 

ORGANIZATIONAL STRUCTURE FOR AREAWIDE WATER QUALITY PLANNING AND MANAGEMENT PROGRAM 
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and management project. Appendix B to this report 
identifies selected other communities advisory to  the 
Commission, and presents their membership and com- 
position. Clearly, these committees reflect the broadest 
possible spectrum of the social, economic, and govern- 
mental structure of the Region. 

The necessary interdisciplinary staff for the conduct of 
this program was assembled by expanding the existing 
Commission staff. This course of action was selected 
because of the importance of conducting the areawide 
water quality planning program as an integral part of the 
comprehensive regional planning program because of the 
previous extensive experience of the Commission and its 
staff in water quality management planning, and because 
of the vital importance attached by the Commission to  
maintaining, after completion of the areawide water 
quality management plan, a continuing planning process 
to  promote implementation of that plan. The staff work 
effort was augmented as necessary with contractual 
services provided by one federal agency, two state agen- 
cies, eight local agencies, and five consulting engineering 
firms, not including the numerous firms retained by local 
units of government for the planning and design of 
sewerage facilities. The Commission staff managed and 
directed all phases of the engineering and planning work 
under the supervision of the advisory committees. More 
specifically, the Commission staff was responsible for 
preparation of the detailed study design; formulation of 
areawide water quality management objectives, principles, 
and standards; conduct of all inventories; analysis of 
inventory data and information to identify urban and 
rural water quality and related problems as well as capa- 
bilities pertaining to water pollution control in the 
Region; synthesis and evaluation of alternative plan 
elements; and report writing. In the conduct of the 
regional sludge management systems planning program, 
however, the Commission staff oversaw-but did not 
perform-the writing of the regional sludge management 
systems plan. 

Special assistance was deemed necessary in the areas of 
photogrammetric mapping and control surveys, ground- 
water analysis, streamflow measurement, surface water 
quality sampling and analysis, groundwater quality 
sampling and analysis, hydrologic-hydraulic-water quality 
simulation modeling, the assessment of pollution control 
costs and effectiveness for sludge and wastewater man- 
agement techniques, public participation, analysis of 
sludge management practices, lake water quality data 
interpretation, soil erosion evaluation, and agronomy. 
Contractual arrangements, therefore, were executed 
with the U. S. Geological Survey; the Wisconsin Depart- 
ment of Natural Resources; the Soil and Water Conserva- 
tion Districts of Kenosha, Milwaukee, Racine, Ozaukee, 
Walworth, Washington, and Waukesha Counties; the 
University of Wisconsin-Extension Service; the Geneva 
Lake Watershed Environmental Agency; Hydrocomp, 
Inc.; Stanley Consultants, Inc.; Camp Dresser and McKee, 
Inc.; Alster and Associates, Inc.; and Sommer-Frey 
Laboratories, Inc. 

Under the study, the U. S. Geological Survey was respon- 
sible for those work elements relating to  the mapping of 
groundwater resources and determination of groundwater- 
surface water relationships, as well as for obtaining 
selected streamflow measurements. The Wisconsin 
Department of Natural Resources was responsible for 
the collection and laboratory analysis of lake and stream 
water quality samples for the inland lake studies, the 
interpretation of lake- and related stream-water quality 
and quantity sampling data, the development of recom- 
mendations for management actions to resolve lake 
water quality problems, the collection and laboratory 
analysis of stream quality samples for use in water 
quantity-quality simulation modeling, the installation of 
selected staff gages for streamflow measurement, the 
administration of inland lake renewal and rehabilitation 
studies, and the collection of sewage sludge samples. 

The University of Wisconsin Extension Service was 
responsible for the development and conduct of a unique 
public participation program for the areawide water 
quality management planning program. The University 
of Wisconsin-Milwaukee provided laboratory facilities at 
the Great Lakes Research facility to support the analysis 
of biological samples collected from the streams of 
the Region. 

The Soil and Water Conservation Districts of the seven 
counties, inclusive of personnel from the U. S. Depart- 
ment of Agriculture Soil Conservation Service, Agricul- 
tural Stabilization and Conservation Service, and the 
University of Wisconsin Extension Service within the 
Region provided major services in the identification 
of cropping practices and livestock inventory data as 
well as in the identification of existing conservation 
practices within the Region and tillage, fertilization, 
and pesticide use. 

Alster and Associates, Inc., provided professional services 
in the topographic mapping and attendant control surveys 
and in the measurement of stream channel and floodland 
cross sections and such water control facility structures 
as dams, bridges, and culverts. Hydrocomp, Inc., provided 
technical consulting services to support the Commission 
staff application of the hydrologic-hydraulic-water quality 
simulation model. Camp Dresser and McKee, Inc., was 
responsible for the technical development of the plan 
element for the management of sewage sludge within 
the Region. Sommer-Frey Laboratories, Inc. conducted 
the chemical and physical tests of sludge samples. Stanley 
Consultants, Inc., was responsible for preparation of the 
four-volume study of the state of the art of wastewater 
and sludge management in southeastern Wisconsin. 
The Geneva Lake Watershed Environmental Agency 
was responsible for the collection, laboratory analysis- 
through subcontracts with the University of Wisconsin 
at Whitewater--and interpretation of the lake and stream 
water quality data for the Geneva Lake watershed and for 
the preparation of a complete report identifying water 
quality problems, pollution sources, and recommended 
actions for Geneva Lake. 



Scheme of Presentation 
The major findings and recommendations of the areawide 
water quality planning and management program for 
southeastern Wisconsin are documented and vresented in 
this three-volume report. This report first sets forth the 
basic concepts underlying the study and the factual find- 
ings of the extensive inventories conducted under the 
study. It identifies and quantifies the developmental and 
environmental problems pertaining to the water quality 
of the Region and presents forecasts of future economic 
activity, population growth, and land use and concomi- 
tant environmental problems relating to  water quality. 
The report presents alternative proposals for eliminating 
pollution from point sources; for eliminating pollution 
from nonpoint sources in urban and rural areas; for the 
management and utilization of sewage sludge; and for 
the financial and management aspects of water quality 
control. The report further sets forth recommended 
plans for the prevention and abatement of water pollu- 
tion in the Region and the attainment of established 
water use objectives and supporting standards. This 
report is intended to  allow careful, critical review of 
alternative plan elements by public officials, agency, 
staff personnel, and citizen leaders within the Region 
and to  provide the basis for plan adoption and imple- 
mentation by the federal, state, and local agencies of 
government concerned. 

In order to use this document effectively, the reader must 
recognize that it is written simply as a report of the 
process by which the recommendations were developed. 
Therefore-if read from front to back-it will describe to 
the user the Region, its water quality conditions, the 
factors determining those conditions, the alternative ways 
of achieving desired water quality conditions in the face 
of long-term development trends, the relative merits and 
faults of these alternatives, and the recommended water 
quality management plan together with the means for 
its implementation. 

Ideally then, a consecutive reading is the best way for 
a reader with comprehensive, regional interest to grasp 
the full character and details of the plan. The report, 
however, offers many specific facts, conclusions, and 
recommendations which may be sought for everyday 
reference and as an aid to  making local or topical deci- 
sions. In such cases, careful review of the summary 
chapter is offered as the most helpful point of entry into 
the document. If, based on such review, further informa- 
tion is desired on some aspect of the plan or its basis, 
then a careful review of the summary section of the 
appropriate chapter is suggested. Finally, if still more 
information is desired, reading of the entire appropriate 
chapter is suggested. Coupled with the use of the Table 
of Contents, this approach will provide any user with 
a means of locating desired information included in 
this report. 

The report documenting the areawide water quality 
management plan for southeastern Wisconsin is pub- 
lished and organized in three volumes. This, the first 
volume, Inventory Findings, presents the basic data 
which underlie the development of alternative water 
pollution control measures and the selection and recom- 

mendation of certain of those measures, as well as the 
identification of implementing agencies. Following this 
introductory chapter, Chapter I1 sets forth the basic 
principles and concepts underlying the areawide water 
quality management planning program in the Region. 
Chapter 111 presents a description of the natural and 
man-made features of the Region as they relate to water 
quality management. Chapter IV describes the existing 
and historical water quality conditions of the lakes and 
streams of the Region, conditions described in greater 
detail in SEWRPC Technical Report No. 17, Water 
Quality of Lakes and Streams in Southeastern Wisconsin: 
1964-1975. Chapter V describes the sources of water 
pollution within the Region, sources described in greater 
detail in SEWRPC Technical Report No. 21, Sources 
of Water Pollution in Southeastern Wisconsin: 1975. 
Chapter VI presents the existing institutional and legal 
structures for the management of water quality within 
the Region, while the existing financial expenditures 
for water quality management are summarized in Chap- 
ter VII. Chapter VIII concludes the first volume by 
presenting a summary and conclusions which bear upon 
the development of alternative areawide water quality 
management plans. 

Volume 2 of this report, Alternative Plans, is composed 
of five chapters. Chapter I provides an introduction 
explaining the relationship of the alternative plans to the 
inventory findings set forth in Volume 1. Chapter I1 
presents a set of water quality objectives, principles, and 
standards which provide the basic foundation for the 
development of alternative water quality management 
plans, the recommended plan, and the recommendations 
for implementing agencies. Chapter 111 presents the 
anticipated changes in the demographic, economic, and 
land use characteristics of the Region over the approxi- 
mate planning period to  the year 2000, changes which 
affect water quality management decisions. Chapter IV 
sets forth the alternative plans for water pollution abate- 
ment within each of the major watersheds of the South- 
eastern Wisconsin Region. Chapter V constitutes a sum- 
mary and conclusion to Volume 2. 

Volume 3 of this report, entitled Recommended Plan, 
consists of four chapters and provides a concise summary 
of the plan recommendations and implementing agen- 
cies. Following the introductory chapter, Chapter I1 of 
Volume 111 presents the recommended plan, synthesized 
on the basis of the evaluation of the alternatives set forth 
in Volume 2. Chapter I11 deals with plan implementation, 
identifies the management agencies designated to  carry 
out the plan, and sets forth specific measures required to 
translate the recommended plan into action. Chapter IV 
consists of a summary, and is followed by the supporting 
appendices, including an environmental assessment of 
the areawide water quality management plan for south- 
eastern Wisconsin. 

This report can only summarize briefly the large volume 
of information assembled in the extensive data collection 
analysis and forecasting phases of the areawide water 
quality planning and management program for south- 
eastern Wisconsin. Although the reproduction of all of 
this information in report form is impractical due to  the 



magnitude and complexity of the data collected and 
analyzed, all of the basic data have been assembled in 
"Areawide Water Quality Plan Development Study 
Volumes." These Study Volumes are maintained in the 
Commission offices and are available to member units 
and agencies of government and to the general public 
upon specific request. Due to the sheer mass of some of 
the data, it is necessary that interested parties either 
review such data in the Commission offices or pay the 
cost of assembly, duplication, and delivery. This report, 
therefore, serves the additional purpose of indicating 
the types of water quality and related data which are 
available from the Commission and which may be of 
value to federal, state, or local units of government or 
to private interests within the Region. 

In addition, the following SEWRPC reports have been 
compiled as part of the areawide water quality planning 
and management program for southeastern Wisconsin to 
supplement and complement this report: Planning Report 
No. 29, A Regional Sludge Management Plan for South- 
eastern Wisconsin; Technical Report No. 2, (Revised 
Edition), Water ~ a w  in Southeastern Wisconsin; Technical 
Report No. 6 (Revised Edition), Planning Law in South- 
eastern  isc cons in; Technical ' ' ~ e ~ o r t  No. 17, Water 
Quality of Lakes and Streams in Southeastern Wisconsin: 
1964-1975; Technical Report No. 18, State of the Art 

of Water Pollution Control for Southeastern Wisconsin: 
Volume One, Point Sources; Volume Two, Sludge Man- 
agement; Volume Three, Urban Storm Water Runoff; and 
Volume Four, Rural Storm Water Runoff; Technical 
Report No. 21, Sources of Water Pollution in South- 
eastern Wisconsin: 1975; a series of Lake Use Reports; 
and a Staff Memorandum, Water Quality Simulation 
Modeling in Southeastern Wisconsin. A unique oppor- 
tunity existed during the areawide water quality planning 
program to develop a planning methodology for locating, 
sizing, and evaluating underground storm water storage 
facilities in developed urban areas while, at the same 
time, assisting the Village of Fox Point in Milwaukee 
County. Accordingly, the Commission prepared SEWRPC 
Community Assistance Planning Report No. 19, Storm 
Water Storage Alternatives for the Crossway-Bridge and 
p p  
of Fox Point. Also published by the Commission to 
document efforts to involve all interested and affected 
parties in the plan development and to  fulfill mandatory 
requirements of water quality planning programs con- 
ducted pursuant to  the Federal water pollution control 
laws are the Report of Public Involvement in Areawide 
Water Quality Planning for Southeastern Wisconsin, 
prepared in cooperation with the University of Wisconsin 
Extension Service; and the Record of Public Hearings 
on the Areawide Water Quality Management Plan for 
Southeastern Wisconsin. 
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Chapter I1 

BASIC PRINCIPLES AND CONCEPTS 

INTRODUCTION 

Water quality, and the practices and the devices by which 
it is managed, dramatically influence the lives of all resi- 
dents of an  urban region. Water based recreation and 
water supply are among the important aspects of human 
existence affected by these practices. More indirectly 
related are the methods and costs of wastewater treat- 
ment, the means of storm water management, and the 
aesthetic and ecological effects of changes in the natural 
condition of lakes and streams and associated wetlands. 
Solid waste management practices, local planning and 
zoning, local potential for new industrial and commercial 
growth, and many other aspects of human life are affected 
by water quality management decisions. Without proper 
attention, water quality management can become a major 
impediment to  the smooth functioning of these necessary 
elements of healthy regional development. 

Water quality management is not new. Earliest concerns 
for water quality have been for control of the gross 
aspects of pollution. Floating solids, aesthetic offense, 
and water-borne contagious disease were among the 
first dimensions of water quality problems which were 
addressed. These have generally been abated within the 
Region over the period since the late 1840's, when the 
first sewers were built in Milwaukee. 

In many ways more difficult t o  control are the problems 
recently discovered with more sensitive methods of 
chemical detection, increased urbanization and increased 
use of water resources. Sanitary sewage is a major source 
of pollution-it may spread disease, increase the cost and 
complexity of providing water supplies, contribute to  
stream and lake sedimentation and fertilization, destroy 
the habitat of fish and other aquatic life, destroy recrea- 
tional opportunities, reduce property values, and create 
aesthetic nuisances. Sanitary sewage, however, is not the 
only source of pollution which requires careful attention. 
Industrial pollutants with unique physical or chemical 
characteristics are derived in the preparation of products 
which are deemed both useful and marketable, but  these 
pollutants may have adverse and unforeseen effects in the 
environment. Similarly, storm water runoff cleanses the 
lawns and streets of urban areas, but  must carry whatever 
substances or particles fall there as a result of ever 
changing urban activities. Agriculture, so critical to 
human welfare and an essential human endeavor, in fact 
provides the excess wealth for human development in 
urban areas and specialized functional society; but also 
changes the face of the land surface, exposing to  the 
elements both the natural soil particles and the industrial 
fertilizers and pesticides for their potential carriage with 

storm water. As human experience and the number and 
sensitivity of available chemical tests increase, so d o  the 
known forms of adverse effects from many of these 
substances. The enrichment of lakes and streams causes 
noxious algal and weed growth and the eutrophication of 
lakes to speed their aging process. The attendant adverse 
effects upon fish and other wildlife are now well known 
pollution effects. In addition, sickness and disease, birth 
defects, mutations, decreased stability of biological 
populations, simplifications of food chains, and both 
chronic and acute toxicity-often lethal-have become 
increasingly recognized as being pollution-caused. 

I t  may be that the detailed and itemized control of 
the offending substances-when they are known and 
detectable--control of their generation and use, limita- 
tions on their discharge, and their management in the 
environment can address these problems. Historically, 
however, it appears that the adverse and unforeseen 
effects of such substances and, indeed, of substances 
which have been the more traditional objects of water 
pollution control programs, may best reside in the 
general protection of the many forms of aquatic life, 
using observations of their general welfare and protec- 
tion to  indicate the safety of the waters as elements of 
the human environment. Thus, in addition to  the clear 
need for protection of public health where hazards can 
be readily identified, the hidden hazards must be mini- 
mized by the protection of the natural environment. 
Similar conclusions could be reached from a moral 
argument, if one believes that humans have no right to 
inflict harm and suffering on other species of plant and 
animal life or t o  impose such insults on the lakes or 
streams themselves. 

Water quality management facilities and practices also 
affect land use development and therefore the social 
and economic, as well as the physical and public health 
aspects of regional development. This is particularly true 
in regions like southeastern Wisconsin with environmen- 
tally sensitive areas such as the Lake Michigan shoreline, 
the  inland lakes and streams and associated shorelands 
and floodlands, the wetlands and woodlands, the ground- 
water recharge areas, and the significant areas covered by 
soils unsuited t o  the use of onsite sewerage treatment 
systems. Land use development in the public interest 
requires careful consideration of wastewater management 
and water quality. Water quality management planning 
should therefore be conducted as an integral part of 
a comprehensive regional planning effort and should be 
designed to support and implement long-range areawide 
land use plans. Only within the framework of a com- 
prehensive areawide planning effort can both land use 
development and the planning, design, and implementa- 



tion of water quality control measures such as sanitary 
sewerage systems, storm water management systems, and 
land management practices be purposefully directed in 
the public interest. 

In a rapidly urbanizing region, in which the natural 
resource base is subject to continuing development pres- 
sure and intensifying use, the functional relationships 
between land use and water quality management facilities 
and practices must be recognized in both land use and 
areawide water quality management planning. The aggre- 
gate effects of many detailed local land use decisions must 
be considered for their joint potential impacts which may 
be of regional concern, despite the basic local nature and 
appropriately local jurisdiction of the planning and con- 
trol of these specific decisions. 

THE GEOGRAPHIC AREA FOR WATER 
QUALITY MANAGEMENT PLANNING 

Water resources planning conceivably can be carried out 
on the basis of a number of different geographic areas, 
including areas defined by governmental jurisdictions, 
social and economic linkages, or natural watershed bound- 
aries. None of these areas is perfect as a comprehensive 
water resources planning unit. There are, however, certain 
advantages to  the selection of the natural watershed as 
a comprehensive water and water-related natural resources 
planning unit. 

Storm water drainage and flood control facilities should 
form a single integrated system over an entire watershed, 
a system capable of carrying off present and future runoff 
loads generated by changing land use and water control 
facility patterns within the watershed. Therefore, storm 
water drainage, flood control, and associated water quality 
problems can best be considered on a watershed basis. 
Drainage and flood control problems are closely related 
t o  other land and water use problems. Consequently, 
floodland protection, the provision of park and outdoor 
recreation facilities that are related t o  water resources, and 
natural resource conservation-related open space reserva- 
tion can also best be considered on a watershed basis. 

Most importantly in the selection of a geographic unit 
for water quality management planning, surface water 
quality problems can best be considered on a watershed 
basis in which the  sources of the pollutants being dis- 
charged into the surface water system from all point and 
diffused sources can be identified, their effects analyzed, 
and their relationships t o  other water resource-related 
problems established. The effects on water and water- 
related natural resources of changes in land use, not only 
within shoreland and floodland areas but also within 
entire catchment areas, can best be studied on a water- 
shed basis. This conclusion recognizes that a watershed 
is more than a system of interconnected waterways, 
shorelands, and floodlands which, in fact, comprise only 
a small portion of the total watershed area. Land treat- 
ment measures, soil and water conservation practices, 
and land use over the entire watershed are of major 
importance in the conservation and wise use of the 

water and water-related resources. Land use within the 
watershed affects the amount and spatial distribution 
of the hydraulic and pollution loadings to  be accom- 
modated by the surface water resources and related 
water control facilities. In turn, water control facilities 
and their effect upon water quality and the historic 
floodways and floodplains determine to  a considerable 
extent the use to  which such land areas may be put. 
Finally, the interrelated physical problems of a watershed 
tend to  create a community of interest among the resi- 
dents of the watershed. Consequently, citizen action 
groups can more readily be formed t o  assist in solving 
water and water-related resource problems on a water- 
shed basis. 

It may be concluded, therefore, that the watershed is 
a logical unit t o  be selected for water and water-related 
natural resources planning purposes. Accordingly, the 
Commission's regional planning program embodies 
a recognition of the need t o  consider watersheds within 
the Region as rational planning units if workable solutions 
are to  be found to  interrelated land and water use prob- 
lems. This recognition is reflected in the formulation of 
Watershed Committees, of local officials and interested 
citizens, and in the completion under the direction of 
these Committees of comprehensive plans for the Root, 
Fox, Milwaukee, Menomonee, and Kinnickinnic River 
watersheds. Thus, comprehensive watershed planning 
programs have been completed for five major watersheds 
encompassing a total area of 1,731 square miles, or about 
64 percent of the Region. These comprehensive water- 
shed plans constitute long-range plans which provide, 
within the limits of each watershed, one of the key 
elements of a comprehensive regional development plan; 
namely, a long-range plan for water-related community 
facility development, with particular emphasis upon 
drainage, flood control, and water pollution abatement. 
While the watershed plans are centered on  water quality 
and flood control facilities, it must be recognized that 
these plans are prepared in consideration of all of the 
related problems of land and water use, including park, 
outdoor recreation, and related open space preservation; 
soil and water conservation; propagation of fish and wild- 
life; and maintenance and protection of groundwater as 
well as surface water resources. As such, the watershed 
plans are intended t o  achieve full coordination of local, 
state, and federal natural resource management programs 
within the  various watersheds of the Region. Important 
among the goals to  be achieved by these plans are the 
protection of floodways and floodplains and the abate- 
ment of flood damages, protection of water quality and 
supply, the preservation of land for park and related 
open-space use, and in general the promotion of the wise 
and judicious use of the limited land and water resources 
of each of the watersheds. Thus, the Commission's water- 
shed planning programs are closely linked to the broad 
problem of natural resource conservation. 

Although recognizing the importance of the watershed as 
a rational planning unit within the Region, the Commis- 
sion's comprehensive planning effort also recognizes the 
need t o  conduct individual watershed planning programs 



within the broader framework of comprehensive areawide 
planning. This is essential for three reasons. First, area- 
wide urbanization and the basic social, economic, and 
even political factors that underlie urbanization indis- 
criminately cross the natural watershed boundaries and 
exert an overwhelming external influence on the physical 
development of the affected watersheds. Second, the 
meandering pattern of watershed boundaries rarely, if 
ever, coincides with the artificial, generally rectilinear 
boundaries of civil divisions and special purpose districts. 
Finally, as discussed below, certain physical systems 
which are directly related to the creation and the resolu- 
tion of water quality problems are organized on a basis 
which often does not correlate to the boundaries of the 
natural watersheds. 

Land use patterns, which determine the amount and 
spatial distribution of the pollution loadings to be accom- 
modated by the lakes and streams, develop over an entire 
urbanizing region in response to  basic social and economic 
forces and to  the operation of the urban land market, 
with little regard to corporate limits or natural watershed 
boundaries. Conversely, the availability of such water 
quality management facilities as sanitary sewerage sys- 
tems determines to a considerable degree the potential 
for land uses in specified areas. These facilities often cross 
not only corporate limits, but also watershed boundaries. 
Thus, it may be concluded that water quality management 
planning must be accomplished not within the context of 
single municipalities or even single counties but rather 
within natural watersheds, provided that those water- 
sheds are considered within a broader regional framework 
that permits full consideration of all of the factors that 
impact upon water quality problems and solutions to 
those problems across watershed divides. Urban and 
rural land use development, water supply, and sanitary 
sewerage frequently involve problems that cross water- 
shed boundaries, and therefore are problems which must 
be approached on a regional basis. Indeed, water quality 
control practices and facilities arid public water supply 
system planning become important and specific means 
for interrelating and coordinating individual watershed 
plans. Recognition of the need to  relate comprehensive 
watershed plans and the water quality control elements 
of such plans to  areawide regional development plans 
through areawide land use, sanitary sewerage systems, 
and public water supply system planning is perhaps 
the singularly most important factor which determines 
the unique nature of the Commission's approach to  the 
water quality management planning effort in south- 
eastern Wisconsin. 

THE AREAWIDE WATER QUALlTY 
MANAGEMENT PLANNING PROBLEM 

The extent and spatial distribution of water quality 
control measures are related to the protection of public 
health, the aesthetics of life in the Region, land use 
and physical development decisions, and the long-term 
protection and stability of the natural resource base. 

These pertinent water quality control measures include 
sanitary sewerage systems, the associated wastewater 
sludge management systems, storm water management 
systems, and urban and rural land management practices. 
For these reasons, the development of these facilities and 
practices involves important public policy determinations 
which should be based on a comprehensive planning 
process that weighs changing demands against the ability 
of the existing water quality management facilities and 
practices and of the limited natural resource base to 
meet these demands. Only through such a process can 
the effects of different courses of action be evaluated, 
the best course of action chosen, and available funds 
most effectively invested. 

The ultimate purpose of such a planning pfocess for area- 
wide water quality management decisions is threefold: 

1. To permit public evaluation and choice of alterna- 
tive water quality management policies and plans. 

2. To develop a cost-effective systems plan to 
achieve the intended water use objectives and 
supporting standards, considering not only the 
economic costs, but also the potential social and 
environmental impacts. 

3. To provide, through an agreed-upon long-range 
plan for water quality management for the 
coordination of local, state, and federal pollution 
control programs. 

Goals to be attained by this process include protection 
of public health; abatement of water pollution; sound 
investment of public funds in efficient and effective 
sanitary sewerage systems and storm water management; 
development of a sound, areawide pattern of land use 
development; establishment of sound patterns of land 
management practice; and wise use of limited land and 
water resources. 

BASIC PRINCIPLES 

Based on these considerations, seven principles were 
formulated as the basis for the planning process applied 
in the areawide water quality management planning 
program : 

1. Water quality management planning must be 
regional in scope, recognizing subregional plan- 
ning areas related to existing water quality 
control facilities and practices, potential manage- 
ment agencies, natural watershed boundaries, and 
urban concentrations with well developed sani- 
tary sewerage systems and storm water manage- 
ment systems. 

2. Water quality management planning must be 
conducted concurrently with land use planning. 
The land use pattern determines the amount and 
spatial distribution of sanitary, industrial, and 
precipitation-related wastewaters to be controlled 



by the water quality management practices. The 
adequacy of the wastewater management systems 
in turn is one of the most important determinants 
of the developing land use pattern. 

3.  Both land use and water quality management 
planning must recognize the existence of a limited 
natural resource base to which rural and urban 
development must be adjusted to  ensure a pleasant 
and habitable environment. 

4. The extent and spatial arrangement of water 
quality control facilities and practices must be 
adjusted to  the waste assimilation capacity of the 
receiving environment, particularly to  the soils, 
lakes, streams, and air resources, and must assist 
in attaining areawide land use, air quality, and 
water quality objectives. 

5. Areawide water quality control facilities and 
practices must be planned as integrated systems 
or as coordinated subsystems. The capacity of 
each proposed facility or practice in the total 
system or subsystem must be carefully fitted 
t o  present and probable future waste loadings. 
The performance of the proposed facilities and 
practices as well as their effects on the receiving 
environment must be quantitatively determined 
and evaluated. 

6. Primary emphasis should be placed on solutions 
within the Region to  the water quality manage- 
ment problems. The export of water resources 
problems to other watersheds in downstream 
areas should be considered only as a last resort. 

7. Plans for the solution of regional water quality 
management problems and the development of 
resources should offer as flexible an approach as 
possible in order t o  avoid "dead end" solutions 
and t o  provide latitude for continued adaptation 
t o  changing conditions. 

THE AREAWIDE WATER QUALITY 
MANAGEMENT PLANNING PROCESS 

The Commission has developed a seven-step planning 
process through which the factors affecting water quality 
management can be described; the operation of the water 
quality control facilities and practices can be simulated; 
and the effect of different land uses, resource manage- 
ment practices, storm water facilities, and sanitary 
sewerage facilities can be tested and evaluated. These 
steps are study design; formulation of objectives and 
standards; data inventory; data analysis and forecast; 
plan design; plan test and evaluation; and plan selection 
and adoption. Plan implementation, although a step 
beyond and growing out of the foregoing planning 
process, must be considered throughout the  process 
if the  plans are t o  be realized. Moreover, the  process 
of plan development must provide the Commission 
with sound technical analyses, complete data files, 
and fully documented and reproducible conclusions 

to  support its advisory role in assisting local government 
units and private investors as they act t o  implement 
the recommendations. 

This planning process results in an areawide water quality 
management plan to  abate and control water pollution 
through sound land use development and management 
practices; t o  extend sanitary sewer service to  urbanizing 
areas of the Region, consistent with the adopted regional 
land use plan; to  provide adequate storm water manage- 
ment systems; and t o  protect and wisely use the natural 
resource base. In addition, the process is the beginning of 
a continuing planning effort that  permits modification 
and adaptation to  changing conditions of the plans and 
the means of implementation. Each step in this process 
includes individual operations which must be carefully 
designed, scheduled, and controlled. 

Each step and its major component operations is dia- 
grammed in Figure 3 and described briefly below. 

Study Design 
Every planning program must follow a structured pro- 
c e s s a  study design-if it is t o  be logical and consistent. 
This study design must specify the  facts to  be gathered, 
define the geographic area t o  be addressed, outline the 
manner of data analysis, specify needed forecasts and 
their accuracy, define the nature of the plans to be 
prepared, and identify the criteria for plan evaluation 
and selection. 

The study design for the areawide water quality manage- 
ment planning program was published in draft form in 
April 1975 and set forth the methods and procedures to  
be followed as well as the objectives, scope, and content 
of the study. This study design was approved by the 
Technical Advisory Committee on Areawide Water 
Quality Management Planning on  May 7 ,  1975; by the  
Wisconsin Department of Natural Resources on Decem- 
ber 4, 1975; and by the U. S. Environmental Protection 
Agency on January 19,  1976, serving as the working 
guide for program execution and review. 

Formulation of Objectives and Standards 
In its most basic sense, planning is a rational process for 
establishing and meeting objectives. The formulation of 
objectives, therefore, is an essential task which must be 
undertaken before plans can be prepared. To be useful, 
the  objectives must be stated clearly, be logically sound, 
and relate to  alternative physical development proposals. 
It is the duty and function of the Commission to  prepare 
a comprehensive plan for the Region's physical develop- 
ment, and it is the purpose of the areawide water quality 
planning program to  provide one of the key elements of 
such a plan. Only if the objectives clearly relate to physi- 
cal water quality control measures, and can be quantified 
and tested, can a choice be made to  select the  alternative 
plan which best meets the agreed-upon objectives. Logi- 
cally conceived and well expressed objectives accordingly 
must be supplemented by detailed standards t o  provide 
the basis for plan preparation, test, and evaluation. The 
objectives and standards formulated for the program 
ranged from general objectives on the extension of 



Figure 3 

GENERAL STEPS IN THE AREAWIDE WATER QUALITY PLANNING AND MANAGEMENT PROGRAM 

Source: SEWRPC. 



adequate sewer service t o  urbanizing areas, t o  detailed 
standards relating t o  per capita wastewater f low contribu- 
tions. All objectives and standards were carefully reviewed 
and adopted b y  t he  Technical Advisory committee.' 

Inventory 
Reliable planning and engineering data, collected o n  
a uniform, areawide basis, are essential t o  t he  formulation 
o f  workable plans. Consequently, inventory becomes t h e  
first operational step in  any planning process, since n o  
intelligent forecasts can be  made or alternatives selected 
without knowledge o f  current conditions affecting the  
system under study. 

Sound water quality plan formulation requires data o n  
climate; topography; t he  hydrologic and hydraulic char- 
acteristics o f  t h e  Region's lakes and streams, especially 
their waste assimilation capacities; existing surface water 
quality conditions o f  lakes and streams; groundwater 
conditions and pollution potential and the  location o f  
groundwater discharge and recharge areas; soil capabili- 
ties; the  kind,  location, and intensity o f  existing and 
probable future land uses; population levels and densities; 
economic activity levels; public financial resources; the  
state o f  t h e  art o f  wastewater and sludge management; 
the  status o f  implementation o f  previous water quality- 
related plans; identification and review o f  concurrent 
water quality planning and management e f for t s ;  com-  
muni ty  plans and zoning data; locally prepared sanitary 
sewerage facility plans; industrial wastewater sources; 
existing and proposed storm water management systems; 

' I t  is important t o  note that there are differences 
between the official state and federally adopted water 
quality standards-composed of "use designations" and 
"supporting criteria"--as described in regulatory form 
in Chapter V I  o f  this volume, and the water quality 
management objectives-inclusive of the adopted water 
use objectives and supporting water quality standards--as 
set forth in Chapter 11 of  Volume Two,  as a basis for plan 
evaluation. The  U. S. Environmental Protection Agency 
and the Wisconsin Department of Natural Resources, 
being regulatory agencies, utilize water quality standards 
as a basis for a shorter term period for enforcement 
actions and compliance monitoring. T o  be enforceable, 
the standards must have a rigid basis in research findings 
and in field experience. B y  contrast, the Commission as 
a long-range planning agency must forecast regulations 
and technology far into the future and document assump- 
tions needed to  analyze conditions and problems which 
may not  currently exist anywhere, much less in south- 
eastern Wisconsin. A s  a result, more recent--and some- 
times more controversial-study findings must  sometimes 
be applied. This results from the Commission's use 
o f  the water quality standards as criteria t o  measure 
relative merits of alternative long-range plans rather 
than criteria t o  define and monitor the necessary enforce- 
able short-term or interim actions which lead t o  the 
ultimate implementation of the selected long-range plan. 

existing and proposed sanitary sewerage facilities; non- 
point pollution sources; location and capacity o f  existing 
pollution control facilities; sewage sludge and land waste 
application practices and sites; solid waste management 
and disposal practices; water quality standards; legal 
considerations; and land management and water manage- 
ment  institutional structures and practices. In the  study,  
data collection procedures included review o f  prior 
publications, use o f  specially designed questionnaires and 
data inventory forms, perusal o f  agency files, personal 
interviews with knowledgeable public officials, meetings 
with local residents and urban and rural land managers, 
committee meetings o f  s taf f  and technical advisors, and 
field investigations. 

Analysis and Forecast 
Inventories provide factual information about past and 
present situations, but analyses and forecasts &e neces- 
sary t o  estimate and evaluate future conditions, particu- 
larly the need for land, supporting sanitary sewerage 
facilities, storm water management systems, and land 
management practices. Future needs must  b e  determined 
from a sequence o f  interlocking forecasts. Economic and 
population forecasts provide estimates o f  the  probable 
future growth i n  t h e  Region, and can be  translated into 
future demands for land and water use and t he  attendant 
e f fec ts  o n  wastewater types  and amounts. These demands 
can then  be scaled against existing pollution control 
capabilities, and plans formulated t o  meet deficiencies. 

A n  especially important consideration in preparing fore- 
casts is t he  plan design period. Other important Commis- 
sion planning programs-notably t he  regional land use 
and transportation planning program+ear critically 
upon the  selection o f  this design period for t h e  develop- 
ment  o f  an areawide water quality management plan. 
T h e  design period utilized for the  regional transportation 
plan is set b y  federal guidelines as approximately t he  
exvected l i fe  o f  t he  first facilities t o  be constructed in 
plan implementation, or the  25-year period f rom 1975 
to t h e  year 2000. It can b e  argued that  t h e  design period 
for land use development plans should be longer than 
for public works facilities plans, since many  land develop- 
ment  decisions are long-term and in  e f f e c t  irreversible. 
But practical considerations, including limitations o n  t he  
ability t o  make t he  necessary economic and demographic 
forecasts, as well as t h e  need t o  correlate t he  land use and 
supporting facility plan design periods, dictate that t he  
land use plan design year be  scaled t o  the  facility design 
year requirement. Coordination and integration o f  water 
quality management planning with land use planning 
requires t he  use o f  the  same basic forecast and design 
years. This period, 1975 through the  year 2000, while 
conservative, provides the  means for relating the  water 
quality forecast and design periods and requirements t o  
the  previously determined regional land use forecast and 
design periods. 

Certain components o f  sanitary sewerage and storm 
water management systems have longer periods o f  phy- 
sical l i fe  than the  plan design period, however, extending 
in some cases t o  more than 50 years. Similarly, certain 
structural land management measures also exhibit useful 



physical lives in excess of 25 years. The associated periods 
may go well beyond the period for which population, 
economic activity, and land use demand forecasts can be 
made with any acceptable reliability. Yet the planning 
process must provide a means for evaluating the potential 
effect of long facility life on the structure and economic 
soundness of the plans. Therefore, in the development 
of the regional sanitary sewerage system plan which 
serves as an important basis for this areawide water 
quality management plan, an "ultimate" land use pattern 
which might be expected to evolve within the Region by 
the year 2000 was postulated assuming a continuation of 
development policies consistent with the objectives and 
standards adopted by the Commission. It was initially 
intended that this potential development pattern would 
be utilized to fully explore two alternative sanitary 
sewerage systems for each of the analysis areas-one sized 
to serve development through the year 1990 with parallel 
facilities proposed to serve development through the year 
2020, and the second being initially sized to  serve devel- 
opment through the year 2020. The regional sanitary 
sewerage system planning program concluded, after 
engineering and economic analyses of several alternative 
systems, that on an equivalent annual cost basis it would 
generally be more economical to  construct parallel trunk 
sewer facilities after the plan design year in order to 
accommodate relatively large increases in flows from 
the anticipated additional development, rather than to 
provide the larger capacity at the early stage.2 

Such later construction of parallel sewers was found not 
only to require a lower initial capital investment, but also 
to  provide greater flexibility in responding to unforeseen 
conditions. Where the anticipated incremental urban 
development is relatively small, the trunk sewer design 
criteria utilized generally yielded commercial pipe sizes 
which would provide sufficient excess capacity for the 
relatively modest flow increases from the anticipated 
additional development following the plan design year. 
Accordingly, it was concluded that there rarely would 
be an economic advantage in providing for the "ultimate" 
trunk sewer design capacity and the analytic step was 
deleted from the alternatives analyses. The only excep- 
tions were in the analysis of major trunk and relief sewer 
facilities to  be constructed in deep tunnels; all such 
sewers were sized and analyzed to the design year 2020. 
The basic analytical work being separated by only a five- 
year period, and the intervening period having provided 
1970 census data indicating reduced population growth 
rates within the Region, it was concluded in the prepara- 
tion of the areawide water quality management planning 
program that these findings of the regional sanitary 
sewerage system planning program should be adopted and 
applied t o  this regional water quality management plan. 

The detailed analyses and results thereof are docu- 
mented in the computation sheets on file in the Com- 
mission offices. See "Areawide Water Quality Plan 
Development Study Volumes," Study Memorandum 
71 00-9 7. 

Similarily, in the analysis of alternative storm water 
management systems for control of urban and rural 
storm water runoff, it was necessary to consider the 
longer physical life of certain of these facilities, but it 
was concluded that the possible land use changes beyond 
the plan design year would not, on an areawide basis, 
result in significant differences in the findings and recom- 
mendations of the plan since even during the initial plan 
period only approximately 125 square miles of existing 
agricultural land in the Region are anticipated to  be 
converted from rural to urban use. 

Plan Design 
Plan design is the heart of the planning process. The most 
well conceived objectives; the most sophisticated data 
collection, processing, and analysis operations; and the 
most accurate forecasts are of little value'if they do not 
lead to sound plan alternatives providing clear choices 
for the different management measures to control and 
abate water pollution. The outputs of the preliminary 
planning steps-formulation of objectives and standards, 
inventory, and forecast-become inputs to the design 
task of alternative plan generation and synthesis of 
a single recommended course of action. 

The water quality management plan design problem 
requires consideration of pollutant loadings from sewage 
treatment plant effluents; sanitary and combined sew- 
erage system overflows; industrial wastewater effluents; 
urban and rural storm water runoff; existing lake and 
stream water quality conditions; forecast pollutant load- 
ings derived from the adopted land use plan; sanitary 
sewerage system and storm water management and rural 
land management design standards; existing sanitary and 
storm sewer system capacities; and new facility costs. In 
the system design phase, future pollution control facilities 
are synthesized to satisfy the regional water quality 
management facility objectives and standards formulated 
under the study while meeting the criteria for system 
integration and cost. The process is a cyclic one, approxi- 
mating the best design solutions, proposing specific 
solutions for specific system problems in each cycle, 
and then testing the expected operation and performance 
of the proposed system by simulating the effects of 
hydrologic, hydraulic, and pollution loadings on the 
water quality of the lakes and streams. 

In the areawide water quality plan synthesis, preliminary 
design solutions to  be tested and evaluated were drawn 
from the following sources: 

1. Sanitary sewerage system improvement proposals 
recommended in the adopted regional sanitary 
sewerage system plan. 

2. Sanitary sewerage, storm water management, and 
soil and water conservation system development 
proposals recommended in the adopted compre- 
hensive watershed plans and in associated lake 
use plans. 

3. Sanitary sewerage system development proposals 
identified in local facilities plans as prepared 



pursuant to the provisions of Section 201 of 
the 1972 Federal Water Pollution Control Act 
Amendments and as approved by state and fed- 
eral agencies. 

4. Sanitary sewerage system development proposals 
and storm water management system development 
proposals identified in local plans as reported by 
the local units of government. 

5.  Analysis of network loadings, which provided 
knowledge of the existing and probable future 
loadings on sanitary sewerage and storm water 
management systems in the Region, and the 
resulting apparent solutions to those system 
deficiencies. 

6. Analysis of land management practices which 
provided knowledge of the existing and probable 
future storm water management problems in both 
urban and rural portions of the Region, and the 
resulting apparent solutions to the associated 
water quality problems. 

7. Land use plan recommendations, from which 
requirements for service or for land management 
measures based on land use development objec- 
tives were defined. 

These improvement proposals originated with experi- 
enced professional engineers, planners, resource managers, 
and soil conservationists working for federal, state, and 
local units of government, and having intimate knowledge 
and long-standing experience in the water pollution 
control practices and systems in the Region. In addition, 
the Technical Advisory Committee members were con- 
sulted to review the measures considered. 

Plan Test and Evaluation 

Since plan design was directed towards attaining regional 
land use and water quality management objectives set 
forth in Chapter I1 of Volume Two of this report, it is 
essential to  evaluate the resulting plans in light of their 
ability to  meet these objectives. This was done by testing 
the suitability of each plan against the supporting stan- 
dards formulated for development objectives. Such test 
and evaluation required the application of a water quality 
simulation model to quantitatively test the proposed 
system of land uses, land management practices, and 
pollution control facilities, thereby permitting adjust- 
ment of the spatial distribution and capacities of the 
system to existing and probable future pollution loadings. 
This analysis had to  be related to  the dynamic aspects of 
the hydrologic cycle, including the number, frequency, 
and duration of storms; the length of intervening dry 
periods; and the effects of the configuration of the 
land and surface water system. In addition, numerous 
analytical procedures were applied to support the devel- 
opment of basic data for the hydrologic-hydraulic water 
quality simulation model. Examples include the develop- 
ment of meteorologic data files, wasteloads from land 

surface runoff, contributions from sanitary sewage flow 
relief devices, effects of urban storm water management 
systems, development of alternative sewage treatment 
and sludge management systems, and the analysis and 
forecast of the entire complex of land use and transpor- 
tation patterns. 

To assure that plans developed in the design stage can 
result in sound facility development, measures are applied 
to quantitatively test them before they are adopted and 
implemented. Engineering performance and technical 
and economic feasibility are tested; but the plans also 
must be rigorously subjected to additional review and 
evaluation against other criteria including financial 
feasibility, legality, and political reaction. Testing and 
evaluation range from assigning hydraulic and pollution 
loadings to the existing and proposed pollution control 
facilities, to interagency meetings and public hearings. 

Plan test and evaluation should clearly show which 
plans or parts of plans are technically and economically 
sound, financially feasible, legally possible, and politi- 
cally realistic. 

Plan Selection and Adoption 
The areawide water quality management planning pro- 
gram developed alternative plans capable of serving the 
adopted regional land use plan. The approach used to 
select a plan or plan element from the alternatives was 
to  present the alternatives and their technical, economic, 
financial, and legal feasibility analyses to the Technical 
Advisory Committee on Areawide Water Quality Plan- 
ning, the Citizens Advisory Panel for Public Participation, 
involved public agency representatives, groups of local 
elected officials and interested citizens as identified and 
organized by the University of Wisconsin Extension 
Service, and the Regional Planning Commissioners them- 
selves. This was done through the distribution of the 
Commission Newsletter, through distribution of the 
"Update" brochures prepared in cooperation with the 
University of Wisconsin Extension Service, through the 
use of mass media, public meetings, interagency meetings, 
and public hearings. The Commission then made formal 
decisions and adopted a plan in accordance with the 
provisions of the state regional planning enabling legisla- 
tion and with the Section 208 requirements. The Com- 
mission's appropriate role is to  recommend to federal, 
state, and local units of government and to private 
investors the best final plan for consideration and action. 
The final step is the review and acceptance or rejection 
of the plan by those federal, state, and local units of 
government concerned, and subsequent plan implemen- 
tation by public and private action. The use of advisory 
committees and formal and informal public meetings 
and hearings appears to be the most practical, effective 
way to involve government bodies, technical agencies, 
private interest groups, and individual citizens in a fair 
and orderly planning process, and to reach agreement 
on a final plan which can be cooperatively adopted and 
jointly implemented. 



Chapter 111 

DESCRIPTION OF THE REGION 
MAN-MADE FEATURES AND NATURAL RESOURCE BASE 

INTRODUCTION 

The sevencounty Southeastern Wisconsin Region is 
a complex of natural and man-made features which 
together form a rapidly changing environment for human 
life. The important man-made features of the Region 
include its land use pattern, public utility base, transpor- 
tation system, and solid waste disposal system. Together 
with the resident population and the economic activities 
of the Region, these features may be thought of as the 
socioeconomic base of the Region. The principal elements 
of the natural resource base are the climate, physiogra- 
phy, geology, soils, surface water resources, and associated 
shorelands and floodlands, woodlands, wetlands, fish 
and wildlife habitat areas, and agricultural lands. An 
understanding of both the man-made features and the 
natural resource base and of their interaction is essential 
to sound areawide water quality management planning. 

This chapter describes the socioeconomic and the natural 
resource base of the Region. The first section describes 
the Region and its internal political and governmental 
boundaries. The second and third sections describe the 
demographic and economic base of the Region in terms 
of historic trends and existing conditions with respect 
to population size, distribution, and composition, and 
employment levels and distribution. The fourth section 
describes the patterns of land use in the Region in terms 
of historic development and existing conditions. The 
fifth and sixth sections describe the public utility and 
transportation systems within the Region. 

With respect to the natural resource base, the seventh 
section, this chapter indicates the spatial distribution and 
extent of the various elements of that base; characterizes, 
where possible, the quality of each component element; 
and identifies those elements and characteristics of the 
natural resource base which must be considered in the 
preparation and implementation of an areawide water 
quality management plan. The importance of such 
consideration cannot be overemphasized, since the 
maintenance of good water quality and the protection 
and enhancement of the Region's natural heritage and 
environmental quality are inextricably interrelated. The 
last section of the chapter discusses the environmental 
corridors of the Region. 

MAN-MADE FEATURES 

population, however, resides within the sevencounty 
Region. The Region contains about 40 percent of all the 
tangible wealth in the State, as measured by equalized 
assessed property valuation, and represents the greatest 
wealth-producing area of the State, with about 38 percent 
of the total work force of the State being employed in 
the Region. From 1950 to 1975, the Region accounted 
for about 48 percent of the total population increase in 
the State. 

Geographically, the Region is located in a relatively good 
position with regard to continued growth and develop- 
ment. It is bounded on the east by Lake Michigan, which 
provides an ample supply of fresh water for both domestic 
and industrial use, as well as being an integral part of 
a major international transportation network. It is 
bounded on the south by the rapidly expanding north- 
eastern Illinois metropolitan region and on the west 
and north by the fertile agricultural lands and desirable 
recreational areas of the rest of the State of Wisconsin. 
Many of the most important industrial areas and heaviest 
population concentrations in the Midwest are located 
approximately within 250 miles of the Region, and 
slightly more than 35 million people reside within this 
radius, an increase of approximately five million persons 
over the 1960 level. 

A complex of 154 general-purpose local units of govern- 
ment and an even greater number of special-purpose units 
of government comprise the Southeastern Wisconsin 
Region. The 154 general-purpose local units of govern- 
ment include the seven counties comprising the South- 
eastern Wisconsin Region: Kenosha, Milwaukee, Ozaukee, 
Racine, Walworth, Washington, and Waukesha; 28 cities, 
54 villages, and 65 towns. 

Certain of the special-purpose units of government are 
of particular interest to the areawide water quality 
management planning program. Among these are the 
44 legally established, active, town sanitary and utility 
districts operating within the ~egion. '  This type of 

' I n  addition to the 44 legally established, active, town 
sanitary and utility districts in the Region, records o f  the 
Wisconsin Department o f  Natural Resources indicate 
other town sanitary or utility districts which apparently 
had been formed in the past, but which presently are 

Regional Setting and Political Boundaries either totally inactive or have been supplanted by city 
The seven counties which comvrise the southeastern or village utility services. These include in Kenosha 
Wisconsin planning Region have a combined area of County the Town of Bristol Sanitary District No. 2, the 
2,689 square miles, or about 5 percent of the total area Town of Pleasant Prairie Sanitary District No. 1 ,  the 
of Wisconsin. An estimated resident population of Paddock Lake Dells Sanitary District in the Village o f  
1.8 million persons, or about 40 percent of the State's (Footnote 1 continued on next page) 



special-purpose local unit of government is created to 
provide various urban-related services, such as sanitary 
sewerage, water supply, and solid waste collection and 
disposal to designated portions of rural towns having 
urban service needs. These districts encompass a total 
area of about 116 square miles, or about 4 percent of 
the total area of the Region. The name, location, and 
service areas of these districts are shown on Map 3. 

Another special-purpose unit of government within the 
Region having important areawide responsibilities for 
drainage and flood control and for water pollution 
control, as well as for the provision of sanitary sew- 
erage service and sewage treatment, is the Metropolitan 
Sewerage District of the County of Milwaukee. This 
District, which includes all of Milwaukee County except 
the City of South Milwaukee, presently also provides 
sewerage service under contracts to portions of the 
Cities of New Berlin and Brookfield, to  the Villages of 
Butler and Elm Grove, and to portions of Menomonee 
Falls in Waukesha County; and to vortions of the City 
of Mequon, and to that part of the Village of Bayside in 
Ozaukee County. In addition, the District has contracted 
to serve portions of the City of Muskego in Waukesha 
County as trunk sewers are extended. The system oper- 
ated by the District is also designed to provide service to 
all of the Village of Thiensville in Ozaukee County, all 
of the Village of Germantown, that portion of the City of 
Milwaukee in Washington County, and to smaU portions 
of the Town of Caledonia in Racine County. 

Other special-purpose units of government in the Region 
having important responsibilities for the provision of 
areawide sanitary sewerage service and sewage treatment 
are the Western Racine County Sewerage District which 
serves the Village of Rochester and Waterford and a por- 
tion of the Town of Rochester; and the Walworth County 
Metropolitan Sewerage District which is proposed to 
serve the City of Delavan, the City of Elkhorn, and 
portions of the Towns of Darien, Delavan, Geneva, 
Lafayette, Sugar Creek, and Walworth. In addition, the 

(Footnote 1 continued) 
Paddock Lake, and the Edgewater Sanitary District and 
Town of Somers Sanitary District No. 3 in the Town o f  
Somers; in Milwaukee County the Broson Manor, Hales 
Corners, and Lapham-Orchard Sanitary Districts in the 
Town o f  Greenfield, the Lakeside Sanitary District in 
the Town of Lake, the First New Deal, Oak View, and 
Rowan Estates Sanitary Districts in the Town o f  Oak 
Creek, and the Blue Mound Manor and Lovers Lane 
Estates Sanitary Districts in the Town o f  Wauwatosa; 
in Racine County the Trautwein, West Terrace, Colonial 
Heights, Consolidated Town, and Fairlawn Sanitary 
Districts in the Town of M t .  Pleasant; in Washington 
County the Germantown Sanitary District No. 1 in the 
Town of Germantown and the Newburg Sanitary District; 
and in Waukesha County the Greenfield Heights, Hidden 
Woods Estates, and Westchester Sanitary Districts in the 
Town of Brookfield. A number of the foregoing sanitary 
districts at one time operated relatively small sewerage 
systems which have been connected to and made a part 
o f  larger, centralized municipal sanitary sewerage systems. 

Delafield-Hartland Water Pollution Control Commission 
is constructing facilities to provide sanitary sewerage 
service to the City of Delafield, the Villages of Hartland 
and Nashotah, and the urban development along the 
shorelines of the Nashotah and Nemahbin Lakes in the 
Town of Summit. 

The total existing and proposed service areas of the 
Milwaukee, Western Racine County, Walworth County 
Metropolitan Sewerage Districts, and the Delafield- 
Hartland Water Pollution Control Commission are 415. 
2.8, 12.2, and 13.6 square miles, respectively. These ser- 
vice areas are also shown on Map 3. 

In addition to  these special areawide and local units of 
government directly concerned with the provision of 
sanitary sewerage service, there are certain other special- 
purpose units and agencies of government in existence 
within the Region of concern to  any areawide water 
quality management planning program. These include 
the soil and water conservation districts, the drainage 
districts, and the inland lake protection and rehabilitation 
districts, all of which have important water resource or 
water resource-related management responsibilities. There 
are seven soil and water conservation districts within the 
Region, the boundaries of these districts being coter- 
minous with the boundaries of the seven counties. There 
are a total of six drainage districts within the Region, 
which, according to official records, are both legally 
constituted and active, and include five agricultural 
drainage districts and one urban storm water drainage 
district. These drainage districts encompass a total area 
of 106 square miles, or about 4 percent of the total area 
of the Region (see Map 4). Other areas in the Region with 
substantial agricultural drainage improvements, including 
several inactive agricultural drainage districts, are also 
shown on Map 4. As of 1978, there were 19  inland lake 
protection and rehabilitation districts in the Region, as 
shown on Map 5. These include the Ashippun, Big Cedar, 
Como, Comus, George, Hartford, Honey, Lilly, Little 
Cedar, Little Muskego, Mill Pond, Okauchee, Pad- 
dock, Phantom, Potter, Pretty, School Section, Silver, 
Tichigan, and Twin Lakes lake districts. 

Superimposed upon these local and areawide units and 
agencies of government are the state and federal govern- 
ments. certain of the agencies of these governments also 
have important responsibilities in water resources man- 
agement and are described in later chapters of this report, 
along with their legal authority and responsibilities. These 
include the Wisconsin Department of Natural Resources; 
the Wisconsin Department of Health and Social Services; 
the University of Wisconsin-Extension Service; the State 
Geological and Natural History Survey; the Soil Conserva- 
tion Board of Wisconsin; the U. S. Department of the 
Interior, Geological Survey; the U. S. Environmental 
Protection Agency; the U. S. Department of Agriculture, 
Soil Conservation Service; the U. S. Army Corps of 
Engineers; and the U. S. Department of Housing and 
Urban Development. 

DEMOGRAPHIC BASE 

Since the ultimate purpose of the areawide water quality 
management planning effort is to improve the envi- 
ronment in which the resident population lives, an 
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Hertland and Nahotah,and portions of the Town o f  Summit. 

Source: SEWRPC. 31 
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Map 4 

AGRICULTURAL AND URBAN 

STORM WATER DRAINAGE DISTRICTS 

I N  THE REGION: 1970 

There are six adbe, Ieeiiy constituted drainage dirtr im in the Southeastern Wirronsin Region at the prerent time. Of tMo total, five aw agrlcuiturai hainage 
d i m i m  l w t e d  in Raoina and Washington Counties. The remaining district is an urban storm water drainage district in the Town of Mt. Piearant. T-er, t h w  
districts enmmparr a total s n a  of about 106 qusre rnllea, or nearly 4 percent of the total area of the Region. In sddition, there are more than 328rquare mller 
of land throughout the Resion for which extensim agricuimral drainage tmprwementr hsve been made in the pan either &rough informal agreements between 
individusl f a m n  or through now inactive agricultural drainage dlrtrictr. 

Source: SEWRPC. 
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Map 5 Figure 4 

INLAND LAKE PROTECTION AND 
REHABILITATION DISTRICTS 

A$ of O m b e r  1,1978, lhem w r e  19 Inland Lake Protection and Rehabilita- 
tion Dirnicts e n a b l i d  in the Soulheanern Wirconin Region. There 
district$ m n n i t u t ~  s ~ ~ i a l - p u r p o ~  MIS of gWBmment establirhed under 
Chapter 33 of the Wirconrin Statutes for purpostr of inland lake manage- 
ment. Of thera, 14 had compkted oane-vear water quality rampiing studies, 
as part of the feasibility Rudier deaipned to develop mearuma to abate 
pollution and enhance the quality of the lake waters. 

Source: Wsonu'n Department of Nsturel Resome* and SEWRPC 

understanding of the size, characteristics, and spatial 
distribution of this population is basic to that planning 
effort. Resident population levels bear a direct relation- 
ship to the demand for land, water, and other elements 
of the natural resource base, as well as the demand for 
various kinds of transportation, utility, and community 
facilities and services. The size and characteristics of 

I the population of an area are greatly influenced by 
growth and change in economic activity. Population and 
economic activity must, therefore, be considered together. 

I 

I Population growth within the Region over the past 
century has generally occurred at a higher rate than 
for the state and nation (see Figure 4 and Table 1). 

I 

POPULATION LEVELS IN THE REGION. WISCONSIN, 
AND THE UNITED STATES: 1850.1975 
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Source: u. S Bureau of the Census, Wisconsin Department ofAdminirrra- 
tion, and SEWRPC. 

Table 1 

POPULATION TRENDS IN THE REGION, 
WISCONSIN, AND THE UNITED STATES 

SELECTED YEARS: 1850-1975 

a~isconmin Depsrrmsnt of Admmisrrafion Estimates. 

Source: U. S. Bureau of the Cansur, Wimconain Department of Adminirtm- 
tion m d  SEW8PC. 

Population 
Region PoPulstian 

as a Percent of 



Consequently, the regional share of the total national 
population increased from 0.49 percent in 1850 to  
0.88 percent in 1960, while the regional share of the 
State population increased from 37 percent in 1850 
to nearly 40 percent in 1960. Between 1960 and 1970, 
however, the population growth rate for the Region 
was somewhat lower than that for the nation and State, 
and, consequently, the regional share of the total popula- 
tion of the nation and State declined slightly over the 
past decade. 

Population Distribution 
The lona-term mowth trend in the reeional wowulation . - 
has been marked by two phenomena which are of con- 
siderahle importance to understanding existing as well 
as future water quality needs. First, the Southeastern 
Wisconsin Region, like most metropolitan regions in 
the United States, is becoming inaeasingly urban. In 
1850, the population of the Region was approximately 
75 percent rural and 25 percent urban; by 1900, this 
relationship had almost reversed to 30 percent rural and 
70 percent urban; and by 1975, only 12.4 percent of 
the regional population was considered rural, of which 
11 percent was classed as rural nonfarm and only 1.4 per- 
cent as rural farm, while 87.6 percent wm considered 
urban. The 125-year rural-urban change is shown graphi- 
cally in Figure 5. Water quality conditions and the 
need for and type of water quality control facilities are 
affected by urban development. Accordingly, this trend 
toward urbanization is an important consideration in 
the water quality management planning effort. 

Secondly, the population within the Region is being 
increasingly decentralized, and attendant urban develop- 
ment is being diffused across established municipal and 

Figure 5 

DISTRIBUTION OF URBAN AND RURAL 
POPULATION IN THE REGION: 1850-1975 

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

county boundaries. During the 30-year period from 
1900 to 1930, the highest rates of population increase 
within the Region occurred in the three urban counties of 
Kenosha, Milwaukee, and Racine. Urban decentralization 
over the last four decades (1930-1970) has reversed this 
trend. Between 1960 and 1970 rates of population 
growth of more than 35 percent were observed in certain 
outlying counties of the Region, notably Ozaukee, 
Washington, and Waukesha Counties, while the popula- 
tion increased by only 2 percent in Milwaukee County 
(see Table 2). One effect of this population decentraliza- 
tion has been an increase in the need for certain kinds 
of water quality control and related facilities in the 
suburban and rural-urban fringe areas of the Region. 

The varying rates of population growth have resulted in 
significant distributional shifts of population among the 
seven counties. The most dramatic distributional changes 
over the 70-year period have occurred in Milwaukee and 
Waukesha Counties (see Figure 6). The Milwaukee County 
proportion of the total regional population increased by 
about 6 percent from 1900 to 1930 and then decreased 
by over 12 percent from 1930 to 1970. The proportion 
of the total regional population in Waukesha County 
decreased by about 2 percent from 1900 to 1930 and 
then increased by about 8 percent from 1930 to 1970. 
The result of the most recent changes in population 
distribution within the Region has been an areawide 
diffusion of population around the central cities of 
Milwaukee, Racine, and Kenosha. 

There are, as will be discussed later herein, 12  major 
watersheds in the Region. As shown in Table 3, in 
1975 the size of the resident population of these water- 
sheds ranged from a low of about 1,000 persons in the 
Sheboygan River watershed within the Region, or about 
0.06 percent of the total population of the Region, to 
a high of more than 483,000 persons in the Milwaukee 
River watershed within the Region, or about 27 percent 
of the total population of the Region. The Menomonee 
River and the Fox River watersheds also contain sizable 
portions of the Region's population, with populations of 
approximately 337,000 persons, or about 19  percent, 
and approximately 225,000 persons, or over 1 2  percent, 
respectively, of the 1975 resident population of the 
Region. These three watersheds contained a total of 
1,045,000 persons, or more than 58 percent of the 
1975 regional population. These same three watersheds 
contained almost 62 percent of the Region's population 
in 1950, however, with the Milwaukee River watershed 
accounting for more than 34 percent, the Menomonee 
River more than 19 percent, and the Fox River about 
8 percent of the Region's 1950 population total. The 
Kinnickinnic River watershed, which had contained more 
than 12  percent of the Region's 1950 population, now 
contains less than 10 percent. The three largest water- 
sheds of 1950 in terms of population are the same 
watersheds that have been losing population since 1970; 
this pattern verifies the trend toward decentralization of 
the Region's population. 



Table 2 

POPULATION I N  THE REGION BY  COUNTY: 1900-1975 

County 

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

Region 

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

County 

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

Table 3 

POPULATION GROWTH BY WATERSHED: 1950-1975 

Population 

Percent Change 

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

1900 

21,707 
330.01 7 

16,363 
45,644 
29,259 
23,589 
35,229 

501,808 

Watershed 

Des Plaines. . . . . . . . . . . . . .  
Fox . . . . . . . . . . . . . . . . . .  
Kinnickinnic. . . . . . . . . . . . .  
Menomonee . . . . . . . . . . . . .  
Milwaukee . . . . . . . . . . . . . .  
Oak Creek . . . . . . . . . . . . . .  
Pike . . . . . . . . . . . . . . . . . .  
Rock . . . . . . . . . . . . . . . . . .  
Root. . . . . . . . . . . . . . . . . .  
Sau k Creek. . . . . . . . . . . . . .  
Sheboygan . . . . . . . . . . . . . .  
Minor Tributaries 

Draining to Lake Michigan. . .  
Regional Total 

1960 

100,615 
1,036,047 

38,441 
141,781 
52,368 
46,119 

158,249 

1,573,620 

1910 

32,929 
433,187 

17,123 
57,424 
29,614 
23,784 
37,100 

631,161 

1970-1 975 

7.4 
- 4.0 
19.2 
4.7 
6.4 

20.0 
13.6 

1.9 

1900-1 91 0 

51.7 
31.3 
4.6 

25.8 
1.2 
0.8 
5.3 

25.8 

1970 

117,917 
1,054,249 

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

231,335 

1,756,083 

1900-1 975 

483.5 
206.8 
296.8 
292.0 
130.7 
224.6 
645.8 

256.7 

1930-1 940 

0.5 
5.7 
9.1 
4.2 
6.6 
7.1 

19.8 

6.1 

Population 

1920 

51,284 
539,449 

16,335 
78,961 
29,327 
25,713 
42,612 

783,681 

1975 

126,651 
1,012,536 

64,932 
178.91 6 
67,511 
76,579 

262,746 

1,789,871 

191 0-1 920 

55.7 
24.5 
- 4.6 
37.5 
- 1.0 
8.1 

14.9 

24.2 

Percent Change 

1950 

7,707 
96,077 

153,286 
240,006 
428,880 

18,173 
12,903 
49,850 
64,066 
4,003 

784 

164,883 

1,240,618 

1940-1 950 

18.3 
13.6 
23.0 
16.5 
25.6 
19.2 
36.9 

16.2 

1920-1 930 

23.4 
34.4 
6.5 

14.3 
5.9 
3.3 

22.9 

28.4 

1950-1960 

48.4 
50.0 
15.9 
28.8 
16.9 
39.9 
37.8 
34.1 
61.1 
24.4 
28.1 

27.8 

26.8 

1950 

75,238 
871,047 
23,361 

109,585 
4 1,584 
33,902 
85,901 

1,240,618 

1930 

63,277 
725,263 

17,394 
90,2 17 
31,058 
26,551 
52,358 

1,006,118 

1950-1 960 

33.7 
18.9 
64.6 
29.4 
25.9 
36.0 
84.2 

26.8 

1970-1 975 

8.7 
15.1 
- 5.1 
- 2.3 
- 2.3 

8.3 
18.4 

. 11.3 
7.5 
7.5 
1.4 

1.2 

1.9 

1975 

15,811 
225,075 
165,088 
336,824 
483,193 
39,519 
27,800 
97,334 

152,431 
7,377 
1,005 

238,414 

1,789,871 

1960-1 970 

27.2 
35.7 
- 2.1 
11.5 
- 1.3 
43.5 
32.0 
30.9 
37.4 
37.8 
- 1.3 

11.8 

11.6 

1960 

11,436 
144,090 
177,598 
309,121 
501,390 
25,431 
17,779 
66,842 

103,212 
4,980 
1,004 

210,737 

1,573,620 

1940 

63,595 
766,885 

18,985 
94,047 
33,103 
28,430 
62,744 

1,067,699 

1960-1 970 

17.2 
1.8 

41.7 
20.5 
21.2 
38.4 
46.2 

11.6 

1950-1975 

105.2 
134.3 

7.7 
40.3 
12.7 

117.5 
1 15.4 
95.3 

137.9 
84.3 
28.2 

44.6 

44.3 

1970 

14,551 
195,566 
173,914 
344,614 
494,754 
36,498 
23,471 
87,469 

141,790 
6,865 

991 

235,600 

1,756,083 



Figure 6 

POPULATION DISTRIBUTION I N  THE 
REGION BY COUNTY: 1900-1975 

POPULATION IN THOUSANDS 
0 3 0 0  6 0 0  9 0 0  1200 1500 1800  

WAUKESHA 

REGION 

Population Size and Growth 
Large variations in the patterns of population change 
have also been exhibited by the individual watersheds. 
Between 1950 and 1975, the populations of the Root 
River and the Fox River watersheds both grew by more 
than 130 percent, while the Kinnickinnic River watershed 
increased in population by only about 8 percent. While 
all 12  watersheds have increased in population since 
1950, three watersheds have shown a decrease in popula- 
tion since 1970. These three are the Kinnickinnic River, 
the Menomonee River, and the Milwaukee River water- 
sheds, all of which are urban in character. By contrast, 
the Pike River and the Fox River watersheds have shown 
the largest increases in population since 1970,18 percent 
and 1 5  percent, respectively. Since 1970, the Region has 
grown by 1.9 percent and the State by 3.7 percent (see 
Table 4). 

Occupation: Occupation is an important factor in deter- 
mining the composition of the residential population, the 
nature of existing and anticipated water uses, and the 
income potential to support the abatement of water 
pollution which may impair those uses. The Census 
Bureau divides the employed population into four broad 
occupational classifications: white collar workers, blue 
collar workers, farm workers, and service workers. White 
collar workers include professional, technical, and kindred 
workers; managers and administrators, except farm- 
related positions; and sales workers. Blue collar workers 
consist of craftsmen, foremen, and kindred workers; 
operatives; and laborers, except farm laborers. Fa.m 
workers include farmers, farm managers, farm laborers, 
and farm foremen. Service workers are composed of 
persons employed in such activities as the cleaning, 
food, health, and protective services as well as private 
household workers. The distribution of the employed 
population age 14 years and over according to these 
occupation classifications is presented for the Region in 
Table 5 and Figure 7. 

As indicated in Table 5, the proportion of white collar 
workers in the Region has increased in recent times, rising 
from 41.6 percent of the employed population 14  years 
old and over in 1960 to 45.3 percent in 1970. Conversely, 
the proportion of blue collar workers decreased from 
42.4 percent to 36.0 percent between 1960 and 1970, 
with an actual decline in the number of blue collar 
workers occurring during this period. The proportion of 
farm workers also declined slightly, from 1.9 percent to 
1.1 percent between 1960 and 1970, while the proportion 
of service workers increased from 9.6 percent to  11.9 per- 
cent during this time. 

0 3 0 0  6 0 0  9 0 0  1 2 0 0  1500  I 8 0 0  
POPULATION IN  THOUSANDS 

The occupational status of the population varies con- 

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

siderably among the seven counties in the Region (see 
Table 6). As reported by the Census Bureau, white 
collar workers comprise varying proportions of the total 
employed population, ranging from a low of 36 percent 
in Washington County to a high of 51 percent in Wau- 
kesha County in 1970. On the other hand, among the 
seven counties the proportion of blue collar workers 
ranged from a low of 34 percent in Waukesha to a high 



Table 4 

POPULATION DISTRIBUTION IN  THE REGION BY WATERSHED AND COUNTY: 1950-1975 

'percentage less than one-tenth of 1 percent. 

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



OCCUPATIONAL STATUS OF THE EMPLOYED POPULATION 
14 YEARS OLD AND OVER IN THE REGION: 1960 and 1970 

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

Occupation 

White Collar Workers. . . . . . . . . . . . . . . . . . . . . . . .  
Professional, Technical, and Kindred Workers . . . . . .  

. . . . . . .  Managers and Administrators, except Farm. 

Sales Workers . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . .  Clerical and Kindred Workers. 

Blue Collar Workers. . . . . . . . . . . . . . . . . . . . . . . . .  
Craftsmen, Foremen, and Kindred Workers. . . . . . . .  
Operatives . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Laborers, except Farm . . . . . . . . . . . . . . . . . . . . .  

Figure 7 

OCCUPATIONAL DISTRIBUTION OF THE 
EMPLOYED POPULATION 14 YEARS OF 

AGE AND OLDER IN THE REGION 
1960 AND 1970 

Employed Population 14 Years Old and Over 

0P 

84 
WHITE COLLAR WORKERS BLUE COLLAR m K E R s  WOe:gs gR~z 

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

1960 

Number 

254,799 
67,085 
44,692 
46,694 
96,328 

Farm Workers. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Farmers and Farm Managers. . . . . . . . . . . . . . . . . .  
Farm Laborers and Foremen . . . . . . . . . . . . . . . . .  

Service Workers. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . .  Workers, except Private Household 

. . . . . . . . . . . . . . . . . .  Private Household Workers 

Occupation Not Reported. . . . . . . . . . . . . . . . . . . . .  

Total 

of 44 percent in Washington. As further indicated in 
Table 6, Walworth County had the highest proportion 
of farm workers among the seven counties, 6.7 percent, 
while Milwaukee County had the lowest proportion, 
0.2 percent. Finally, the proportion of service workers 
ranged from a low of 9 percent in Ozaukee County to 
15 percent in Walworth County. 

Percent 

41.6 
11.0 
7.3 
7.6 

15.7 

1970 

11,769 
7,566 
4,203 

58,438 
50,176 
8,262 

27,644 

61 2,723 

1.9 
1.2 
0.7 

9.6 
8.2 
1.4 

4.5 

100.0 

Income: The level of income is an important determinant 
of water use and of the ability of the resident population 
to support the implementation of water pollutiori control 
plans. Personal income in the Region totaled more than 
$6 billion (see Table 7) in 1969. From 1949 to 1969, 
total income in the Region increased by $4.4 billion, or 
263 percent, a rate much greater than the 54 percent 
increase in the cost of living during this time? Since 
the increase in total income has occurred at a much 
faster rate than the increase in the regional population, 
the average per capita income in the Region increased 
considerably from $1,338 in 1949 to $3,433 in 1969, 
a relative increase of 157 percent. Similarly, the average 

260,073 
97,309 

137,543 
25,221 
-- 

Number 

324,609 
100,506 
49,365 
51,523 

123,215 

2 ~ h e  cost of living was measured by the consumer price 
index prepared by the U. S. Bureau of Labor Statistics. 

42.4 
15.9 
22.4 
4.1 

Percent 

45.3 
14.0 
6.9 
7.2 

17.2 

7,827 
4,604 
3,223 

85,112 
79,672 
5,440 

41,024 

716,421 

1.1 
0.6 
0.5 

11.9 
11.1 
0.8 

5.7 

100.0 



Table 6 

OCCUPATIONAL STATUS OF THE EMPLOYED POPULATION 14 YEARS OLD AND OVER IN THE REGION BY COUNTY: 1970 

Source: U. S. Bureau o f  the Census and SEWRPC. 

Occupation 

White Collar Workers. . . . . . . . 
Professional, Technical, 

and Kindred Workers. . . . . . 
Managers and Administrators, 
except Farm. . . . . . . . . . . 

SalesWorken . . . . . . . . . . .  
ClericalandKindredWorken.. 

Blue Collar Workers. . . . . . . . . 
Craftsmen, Foremen, 
and Kindred Workers. . . . . . 

Operatives. . . . . . . . . . . . . 
Laborers,except Farm . . . . . 

Farmworken . . . . . . . . . . . .  
Farmers and Farm Managers . . 
Farm Laborersand Foremen. . 

Service Workers. . . . . . , . . . . 
Worken, except 
PrivateHousehold . . . . . . . .  

PrlvateHouseholdWorkers . . .  

OacupationNotReported . . . . .  
Total 

Table 7 

PERSONAL INCOME TRENDS IN THE REGION: SELECTED YEARS 1949-1969 

a ~djusted for price change, base year equals 1967. 

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

per household income in the Region grew rapidly 
between 1949 and 1969, increasing from $4,682 to 
$11,238, or by 140 percent, during that time. It should 
be noted that this trend in the average household income 
reflects not only an increase in the earnings of the heads 
of each household, but also the tendancy of other house- 
hold members, wives in particular, to supplement house- 
hold income. 

Region 

Number 

324,609 

100,506 

49,365 
51,523 

123,215 

257,849 

94,591 
136,081 
27,177 

7,827 
4.604 
3,223 

85,112 

79.672 
5,440 

41,024 

716,421 

Year 

1949 
1959 
1969 

1949 to $2,954 in 1969, an increase of 59 percent. Real 
per household income increased from $6,487 in 1949 to 
$9,671 in 1969, an increase of 49 percent (see Table 7). 
These trends in real per capita and per household income 
within the Region may be assumed to have been accom- 
panied by increases in discretionary disposable income. 

Percent 

45.3 

14.0 

6.9 
7.2 

17.2 

36.0 

13.2 
19.0 
3.8 

1.1 
0.6 
0.5 

11.9 

11.1 
0.8 

5.7 

100.0 

Per Household Income 

Trends in real per capita and per household income, 
expressed in constant dollars, are similar to the trends 
in per capita and per household income expressed in 
actual d ~ l l a r s . ~  Measured in constant 1967 dollars, real 
per capita income in the Region increased from $1,858 in 

Over 14 Years Old and 

Kenosha 

Number 

17,602 

5,500 

2,844 
2,475 
6,783 

19,297 

6,857 
10,651 
1,789 

804 
506 
298 

6,103 

5,766 
337 

1,899 

45.705 

Actual 

$ 4,682 
7,496 

11,238 

3 ~ h e  U. S. Bureau of Labor Statistics 1967 Consumer 
Price Index was used to adjust actual dollar figures to 
constant dollars. Constant dollar figures allow com- 
parison free o f  price distortion. 

Washington 

Number 

9.197 

2,766 

1,612 
1,416 
3,403 

11.271 

3,891 
6,196 
1,184 

1.498 
984 
514 

2,486 

2.264 
222 

972 

25.424 

Waukesha 

Number 

45,976 

15,098 

9,007 
7,928 

13,943 

30.499 

13,077 
14,427 
2,995 

1,139 
734 
405 

9,326 

8.639 
687 

3.645 

90,585 

Walworth 

Number 

9,783 

3,130 

2,130 
1.286 
3,237 

8,742 

3,116 
4,523 
1.103 

1,700 
1,008 

692 

3,879 

3,527 
352 

1,418 

25,522 

Percent 

38.5 

12.0 

6.2 
5.4 

14.9 

42.2 

15.0 
23.3 
3.9 

1.8 
1.1 
0.7 

13.3 

12.6 
0.7 

4.2 

100.0 

C o n s t a n t a  

$6,487 
8,460 
9,671 

Total Income 
(Millions of Dollars) 

Percent 

36.2 

10.9 

6.3 
5.6 

13.4 

44.3 

15.3 
24.4 
4.6 

5.9 
3.9 
2.0 

9.8 

8.9 
0.9 

3.8 

100.0 

Percent 

50.8 

16.7 

9.9 
8.8 

15.4 

33.6 

14.4 
15.9 
3.3 

1.3 
0.8 
0.5 

10.3 

9.5 
0.8 

4.0 

100.0 

Percent 

38.3 

12.3 

8.3 
5.0 

12.7 

34.2 

12.2 
17.7 
4.3 

6.7 
4.0 
2.7 

15.2 

13.8 
1.4 

5.6 

100.0 

Milwaukee 

Number 

204,937 

61,847 

27,406 
32,960 
82,724 

153,225 

54,879 
81,580 
16,766 

680 
21 1 
469 

53,226 

50,184 
3,042 

29,254 

441,322 

Per Capita Income 

Actual 

$1,660 
3,492 
6,029 

Percent 

46.4 

14.0 

6.2 
7.5 

18.7 

34.7 

12.4 
18.5 
3.8 

0.2 
0.1 
0.1 

12.1 

11.4 
0.7 

6.6 

100.0 

Actual 

$1,338 
2,219 
3,433 

c o n s t a n t a  

$2,299 
3,941 
5.1 89 

Ozaukee 

Number 

10,032 

3,271 

2,171 
1,632 
2,958 

8,071 

2,999 
4,405 

667 

830 
512 
318 

1,956 

1,756 
200 

976 

21.865 

c o n s t a n t a  

$1,858 
2,505 
2,954 

Employed Population 

Percent 

45.9 

15.0 

9.9 
7.5 

13.5 

36.9 

13.7 
20.1 
3.1 

3.8 
2.3 
1.5 

8.9 

8.0 
0.9 

4.5 

100.0 

Racine 

Number 

27,082 

8,894 

4,195 
3,826 

10,167 

26,744 

9,772 
14,299 
2,673 

1,176 
649 
527 

8,136 

7,536 
600 

2,860 

65,998 

Percent 

41.1 

13.5 

6.4 
5.8 

15.4 

40.5 

14.8 
21.7 
4.0 

1.8 
1.0 
0.8 

12.3 

11.4 
0.9 

4.3 

100.0 



As shown in Table 8 and Figure 8, there was much 
variation in household income among the seven counties 
in the Region in 1969. Household incomes were generally 
quite high in Ozaukee and Waukesha Counties. Thus, the 
proportion of households with incomes of $15,000 or 
more was relatively high in both these counties (30 per- 
cent in Ozaukee and 31 percent in Waukesha) while the 
proportion of households with incomes less than $7,000 
in these counties was small (less than 20 percent). On the 
other hand, relatively low household incomes were found 
in Walworth County, where 40 percent of all households 
had an income of less than $7,000 and only 16 percent 
of all households had an income of $15,000 or more. 
The median household income presented in Table 8 
summarizes the variation in household income among 

the seven counties. As might be expected in view of 
these figures, the median household income ranged from 
a low of $8,500 in Walworth County to  more than 
$12,000 in Ozaukee and Waukesha Counties. 

Despite the general increase in the level of personal 
income in recent times, the Region contains a large 
number of lower-income households with limited finan- 
cial resources to  support costs beyond those of pro- 
viding food, housing, clothing, and other necessities. For 
example, 31 percent of all households in the Region 
received less than $7,000 and 22 percent of all house- 
holds received less than $5,000 in 1969. Such households 
would be strained by major increases in water use costs 
or sewage treatment user charges. 

Table 8 

INCOME LEVELS FOR HOUSEHOLDS I N  THE REGION BY COUNTY: 1969 

County 

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

a The household income excludes the incomes of persons living in the unit but not related to the head of the household. 

percent refers in each citation to percent of total households in county. 

Income GjXa 

Median 
Household 
lncomeC 

$ 9,400 
9,500 

12,100 
9,900 
8,500 

10,600 
12,300 

$1 0.000 

County 

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

The median household income is that income which divides the distribution of households into two equal paris, half havinga higher income 
than the median and half having a lower income. 

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

Less Than $3,000 

Income Level 

Number 

4,720 
48,554 

1,189 
6.1 10 
3,381 
1,782 
4,592 

70,328 

$3,000-4,999 $5.000-6,999 

Total Households 

$7,000-9.999 

Percent 

13.3 
14.3 
8.1 

12.3 
18.2 
10.2 
7.4 

13.1 

Number 

3,216 
32,341 

808 
4,337 
2,081 
1,386 
3,472 

47,641 

Number 

3,787 
33,330 

906 
4,679 
1,964 
1,273 
3,588 

49,527 

Number 

35,468 
338,605 

14,753 
49,796 
18,544 
17,385 
61,935 

536,486 

$1 0,000- 14,999 

Number 

7,580 
65,591 
2,414 

10,069 
3,771 
3,547 
9,493 

102,465 

Percent 

9.1 
9.6 
5.5 
8.7 

11.2 
8.0 
5.6 

8.9 

Percent 

10.7 
9.8 
6.1 
9.4 

10.6 
7.3 
5.8 

9.2 

Percent 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 

100.0 

Number 

10,368 
94,071 
5,007 

15,190 
4,353 
5,436 

21,588 

156,013 

Percent 

21.4 
19.4 
16.4 
20.2 
20.3 
20.4 
15.3 

19.1 

Percent 

29.2 
27.8 
33.9 
30.5 
23.5 
31.3 
34.9 

29.1 

$1 5,000-24,999 $25,000 or More 

Number 

4,942 
52,065 
3,279 
7,614 
2,391 
3,159 

15,004 

88,454 

Number 

855 
12,653 
1,150 
1,797 

603 
802 

4,198 

22,058 

Percent 

13.9 
15.4 
22.2 
15.3 
12.9 
18.2 
24.2 

16.5 

Percent 

2.4 
3.7 
7.8 
3.6 
3.3 
4.6 
6.8 

4.1 



Figure 8 

DISTRIBUTION OF HOUSEHOLDS IN THE REGION BY HOUSEHOLD INCOME BY COUNTY: 1969 
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Source: U. S. Bureau of the Census and SEWRPC. 

THE ECONOMIC BASE 

Size of the Economy 
Increases in the population of the Region are closely 
related to increases in the amount of economic activity 
within the Region. A major indicator of economic 
activity is the number of jobs available in the Region 
as reflected in employment levels. In 1975, the total 
number of jobs available within the Region was 779,000 
as shown in Table 9. This is about 41  percent more jobs 
than were available in the Region in 1950, and closely 
parallels the 44 percent increase in population over the 
same time span. While the number of jobs did increase, 
the civilian labor forcedefined as those persons 14  years 
old and older who are either employed or actively seeking 
employment, enumerated at their place of residence 
increased by an even larger percentage. Between 1950 
and 1975 the labor force in the Region grew by 54 per- 
cent, compared with more than 52 percent for the State, 
and almost 60 percent of the nation as a whole, as shown 
in Figure 9 and Table 10. 

Distribution of Economic Activity 
More than 66 percent of the economic activity of the 
Region, as measured by iobs, was located in Milwaukee 
County in 1975. An addition& 15  percent was located in 
Racine and Kenosha Counties combined. Approximately 
81  percent of the regional jobs are, therefore, located in 
these three counties. The remaining 19  percent of the 

regional johs is distributed as follows: Waukesha County, 
about 10  percent; Walworth County, about 3 percent; 
Washington County, about 3 percent; and Ozaukee 
County, about 3 percent (see Table 9). 

As further indicated in Table 9, significant changes in 
the distribution in economic activity within the Region 
have occwed in the past 25 years. The number of 
johs in the Region increased 41  percent, from 552,700 
in 1950 to 779,000 in 1975. During the 1950's the 
number of jobs in the Region increased by 1 7  percent. 
The counties which experienced the largest relative job 
growth rates during the 1950's were Kenosha, Ozaukee, 
Walworth, Washington, and Waukesha Counties. The 
growth rates in these counties, which were greater than 
the regional average, indicate a general shift in economic 
activity toward the suburban and rural counties of the 
Region. The exception to this type of shift can be seen 
in Kenosha County, where job growth was directly 
related to prosperity in the transportation equipment 
industry in that county. Conversely, Milwaukee and 
Racine Counties both experienced job growth from 
1950 to 1960 at a lower rate than the regional average, 
indicating a shift of economic activity out of these areas. 

The number of jobs in the Region increased 1 5  percent 
from 1960 to 1970.During this period,the largest relative 
job growth occurred in Ozaukee, Racine, Walworth, 
Washington, and Waukesha Counties, indicating a further 



Table 9 

DISTRIBUTION OF JOBS I N  THE REGION BY COUNTY: SELECTED YEARS 1950-1975 

Source: Wisconsin Department of Industry, Labor, and Human Relations and SEWRPC. 

County 

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

Figure 9 

RELATIVE JOB GROWTH I N  THE REGION, WISCONSIN, 
AND THE UNITED STATES: 1950-1970 

Source: Wisconsin Department of Industry, Labor, and Human 
Relations; U. S. Department of Labor; and SEWRPC. 

1950 

shift in economic activity toward the suburban and rural 
areas of the Region and away from the urban areas. 
These shifts are a continuation of the economic activity 
location trends identified in the initial economic studies 
of the   om mission.^ 

Jobs 

27,700 
438,100 

6,200 
43,200 
12,300 
9,700 

15,500 

552,700 

Employment in the individual watersheds that comprise 
the Region ranged in 1972 from a low of 754 persons 
employed in the Sheboygan River watershed to a high 
of 271,830 persons employed in the Milwaukee River 
watershed, as shown in Table 11. The two largest water- 

Percent 

5.0 
79.3 

1.1 
7.8 
2.2 
1.8 
2.8 

100.0 

1960 

4 ~ h e  results o f  this work were published in SEWRPC 
Planning Report No.  3, The Economy of Southeastern 
Wisconsin, June 7 963; and SE WRPC Planning Report 
No.  7, Volume 2, Forecasts and Alternative P l a n s 1  990, 
June 1966. 

Jobs 

40,100 
486,200 

9,500 
48,500 
18,300 
14,500 
30,800 

647,900 

sheds in terms of total employment are the Milwaukee 
and the Menomonee River watersheds. These two water- 
sheds combined contained 59 percent of the jobs in the 
Region in 1972, and represent a major concentration of 
economic activity within the Region. 

Percent 

6.2 
75.0 

1.5 
7.5 
2.8 
2.2 
4.8 

100.0 

1970 

Structure of the Economy 
The character of the regional economy can best be 
described in terms of its industrial structure, since the 
number and types of industry are related to water quality 
management needs. In this regard, economic activity 
within the Region can be classified into nine major 
industry groups: agriculture; mining; construction; 
manufacturing; transportation, communication, and 
utilities; trade; finance, insurance, and real estate; ser- 
vices; and government. 

Jobs 

39,200 
510,900 

17,900 
61,900 
24,200 
20,300 
67,200 

741,600 

Economic activity within the Region is heavily con- 
centrated in manufacturing (see Figure 10). In 1975, 
approximately 32 percent of the total jobs in the Region 
was in manufacturing compared to 23 percent nationally. 
The proportion of economic activity in all other industry 
groups within the Region except private services, as 
measured by jobs, was less than the national averages. 

Percent 

5.3 
68.9 

2.5 
8.2 
3.3 
2.7 
9.1 

100.0 

1975 

The structure of economic activity within manufacturing 
is also quite different from the structure of the manu- 
facturing industry nationally (see Figure 11). In contrast 
to  the manufacturing industry of the United States, the 
manufacturing industry in the Region is more heavily 
concentrated in the production of durable goods, particu- 
larly machinery, and electrical equipment. In 1975, about 
42 percent of the total manufacturing jobs within the 
Region was in these industries compared to about 20 per- 
cent nationally. Compared to the national distribution, 
there is also a high concentration of fabricated metal 
product manufacturing activities. On the other hand, 
there is a relatively low concentration of activity asso- 
ciated with the production of nondurable goods such 
as textile, apparel, leather, paper, wood, chemical, 
petroleum, rubber, and plastic products. 

Change 

Jobs 

46,700 
515,700 
20,200 
68,600 
25,700 
22,600 
79,500 

779,000 

Percent 

6.0 
66.2 
2.6 
8.8 
3.3 
2.9 

10.2 

100.0 

1950-1960 

Jobs 

12,400 
48,100 
3,300 
5,300 
6,000 
4,800 

15,300 

95,200 

Percent 

44.8 
11.0 
53.2 
12.3 
48.8 
49.5 
98.7 

17.2 

1960-1970 

Jobs 

-900 
24,700 
8,400 

13.400 
5,900 
5,800 

36,400 

93,700 

Percent 

-2.2 
5.1 

33.4 
27.6 
32.2 
40.0 

118.2 

14.5 

1970-1975 

Jobs 

7,500 
4,800 
2,300 
6,700 
1,500 
2,300 

12,300 

37,400 

1950- 1975 

Percent 

19.1 
~p - 

~ 0 . 9  
12.8 
10.8 
6.2 

11.3 
18.3 

5.0 

Jobs 

19,000 
77,600 
14,000 
25,400 
13,400 
12,900 
64,000 

226,300 

Percent 

68.6 
17.7 

225.8 
58.8 

108.9 
133.0 
412.9 

40.9 



Table 10 

LABOR FORCE TRENDS I N  THE UNITED STATES, WISCONSIN, AND THE REGION BY COUNTY: SELECTED YEARS 1950-1975 

Source: U. S. Department of Labor, Bureau of Labor Statistics; Wisconsin Department of Industry, Labor, and Human Relations; and SEWRPC. 

ment planning effort. Furthermore, such an understanding 

Table 11 of existing land use patterns, and of trends in such 
patterns, is important to the sound formulation of a plan 

1972 EMPLOYMENT BY WATERSHED FOR THE REGION to meet the identified water quality management needs. 
Accordingly, attention is focused herein upon historic 
as well as existing land use development patterns. 

Change 
1950-1975 

Source: SEWRPC. 

County 

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

Wisconsin 

United States 

Absolute 

26,200 
105,000 
17.500 
32,000 
12,600 
17.300 
80,800 

291,400 

731,600 

35,469,000 

Change 
1970-1975 

Watershed 

Des Plaines. . . . . . . . 
Fox . . . . . . . . . . . .  
Kinnickinnic. . . . . . . 
Menornonee . . . . . . . 
Milwaukee . . . . . . . . 
Oak Creek . . . . . . . . 
Pike . . . . . . . . . . . . 
Rock. . . . . . . . . . . . 
Root. . . . . . . . . . . . 
Sau k . . . . . . . . . . . . 
Sheboygan . . . . . . . . 
Minor Tributaries 

Draining to 
Lake Michigan. . . . . 
Total 

LAND USE BASE 

Percent 

80.4 
27.2 
182.3 
68.4 
76.4 
121.0 
239.0 

54.0 

52.4 

59.9 

Absolute 

11,100 
32,900 
4,700 
9,500 
2,300 
5,500 
21,000 

87,000 

328,700 

11,876,000 

Change 
1960-1 970 

One of the central concepts underlying the areawide 
water quality management planning program is that land 
use and water quality are inextricably interrelated. An 
understanding of the amount, type, intensity, and spatial 
distribution of urban and rural land uses within the 
Region is therefore essential to any water quality manage- 

Percent 

23.3 
7.2 
21.4 
13.7 
8.6 
21.1 
22.4 

11.7 

18.3 

14.3 

Absolute 

7,900 
25,500 
8,000 
14,300 
6,300 
8,700 
35,100 

105,800 

266,300 

14,753.000 

Employment 
Historic Growth Patterns 
The first permanent European settlement in the Region 
was established in 1795 as a trading post on the east 
side of the Milwaukee River, just north of what is now 
Wisconsin Avenue in the City of Milwaukee. The origins 
of most of the other major cities and villages within the 
Region can be traced to the establishment of certain 
types of agricultural services such as saw and grist mills. 
The location of these earliest urban activities was heavily 
influenced by water power and water transportation 
needs. The rapid settlement by Europeans of what is now 
the southeastern Wisconsin Region had its beginning 
following the Indian cessions of 1829 and 1833, which 
transferred to the federal government ownership of all 
of the lands that now comprise the State of Wisconsin 
south of the Fox River and east of the Wisconsin River. 
After the close of the Blackhawk War of 1832, federal 
land surveyors began to survey, subdivide, and monument 
the federal lands and by 1836 the U. S. Public Land 
Survey had been completed within the Region. The 
subsequent sale of the public lands brought many settlers 
from New England, Germany, Austria, and Scandinavia. 
Initial urban development occurred along the Lake Michi- 
gan shoreline at the ports of Milwaukee, Port Washington, 
Racine, and Southport (now Kenosha), as these settle- 
ments were more directly accessible to immigration from 
the east coast through the Erie Canal-Great Lakes trans- 
portation route. By 1850, there were more than 113,000 
people in the Region, and the accompanying historic 
development map indicates that many scattered urban 
developments existed in the Region at the time (see 
Map 6). 

Percent 

19.8 
5.9 
55.5 
26.0 
30.7 
50.0 
60.0 

16.6 

17.4 

21.6 

Labor Force 

Jobs 

2,317 
59,647 
76,957 

170,615 
27 1,830 

9,277 
10,405 
26,092 
38,298 
3,798 

754 

78,966 

748,956 

Change 
1950-1 960 

Percent 

0.3 
8.0 

10.3 
22.8 
36.3 

1.2 
1.4 
3.5 
5.1 
0.5 
0.1 

10.5 

100.0 

Absolute 

7,200 
46,600 
4,800 
8,200 
4,000 
3.100 
24,700 

98,600 

136,600 

8,840,000 

1950 

32,600 
386,500 
9,600 
46,800 
16,500 
14,300 
33,800 

540,100 

1,396,400 

59,304,000 

Percent 

22.1 
12.1 
50.0 
17.5 
24.2 
21.7 
73.1 

18.3 

9.8 

14.9 

1970 

47,700 
458,600 
22,400 
69,300 
26,800 
26,100 
93,600 

744,500 

1,799,300 

82,897,000 

1960 

39,800 
433,100 
14,400 
55,000 
20,500 
17,400 
58,500 

638,700 

1,533,000 

68,144,000 

1975 

58,800 
491,500 
27,100 
78,800 
29,100 
31,600 
114,600 

831,500 

2.1 28,000 

94,773,000 



Figure 10 Figure 11 
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:e: U. S. Department of Labor; Wisconsin Department of 
Industry, Labor, and Human Relations; and SEWRPC. 

Changes over time in the amount of land devoted to  
urban use within the Region are indicated in Table 12. 
The amount of land devoted to urban development 
within the Region has increased steadily since 1850. 
Over the 100-year period extending from 1850 to  1950, 
urban development within the Region occurred in rela- 
tively tight, concentric rings outward from the established 
urban centers of the Region, a pattem resembling the 
annual growth rings of a tree. A very dramatic change in 
the pattern of urban development within the Region, 
however, occurred in about 1950. From 1950 to 1963, 
while the regional population increased by about 35 per- 
cent, the amount of land devoted to urban use increased 
by almost 150 percent, or by about 202 square miles. 
Urban development became discontinuous and highly 
diffused, the term "urban sprawl" being quite descriptive 
of this more recent pattem of urban development within 
the Region. This pattern continued from 1963 to 1970, 
during which period an additional 57 square miles of 
land were converted from rural to  urban use within the 
Region. Under this type of urbanization, the entire seven- 
county Region is becoming a single mixed rural-urban 
land use complex. Many once isolated and independent 
communities are growing together, and urban develop- 
ment is spilling over the subcontinental divide, which 
traverses the Region, into the Fox-Illinois River Valley. 
Map 6 indicates that much of the dispersed urban devel- 

PERCENTAGE DISTRIBUTION OF MANUFACTURING 
JOBS BY TYPE OF MANUFACTURING I N  THE 

UNITED STATES AND THE REGION: 1975 

LEGEND 

0 UNITED STATES 
25 

0 

TYPE OF MANUFACTURE 

Source: U. S. Department of Commerce, Bureau of Economic 
Analysis; Wisconsin Department of Industry, Labor, 
and Human Relations; and SEWRPC. 

opment is being attracted by the prime recreational 
resources of the Region, clustering around the many 
inland lakes within the Region, spreading out along the 
Lake Michigan shoreline, and intruding into the riverine 
areas of the streams and watercourses and into the Kettle 
Moraine Forest areas of the Region. 

Historic Density Trends 
The changes in population density within the Region 
from 1850 to 1970 are shown in Table 13. During this 
120-year period, the population of the Region increased 
nearly 15-fold, from 113,400 persons to 1,756,100 per- 
sons, while the amount of land devoted to urban use 
increased almost 100-fold, hom four square miles to  
397 square miles. Overall population densities within the 
Region increased steadily from 42 persons per square 
mile in 1850 to 653 persons per square mile in 1970. 
Overall population densities within the developed urban 
area of the Region, however, have exhibited a quite 
different trend. Such population densities increased 
steadily from 7,156 persons per square mile in 1850 to 
a peak of 11,346 persons per square mile in 1920. Urban 
population densities then began a steady decline to 
a level of 8,544 persons per square mile in 1950. After 
1950, urban population densities declined even more 
sharply to  4,807 persons per square mile in 1963, and 
continued to decline to  4,355 persons per square mile 
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Table 12 

LAND DEVOTED TO URBAN LAND USE IN THE REGION 

a lncludes residential; commercial; manufacturing, wholesaling, and storage; transportation, communication, utilities, and off-street parking; 
governmental and institutional; and active recreational land uses. 

County 

Kenosha 

Milwaukee 

Includes agricultural lands, woodlands, water and wetlands, and unused and other open lands, including quarries. 

Increases due to landfill operations along Lake Michigan. 

Urban/ 
1963 

Nonurban Percent 

d ~ e s s  than 0.1 percent, 

Status 

urbana . . . . . . 
 onu urban^. . . . 
Total 

Urban . . . . . . . 
Nonurban . . . . 
Total 

Urban . . . . . . . 19,078 12.7 23,746 
Nonurban . . . . 130,935 87.3 126,267 

Source: SEWRPC. 

Acres 

24,899 
153,199 

178,098 

96,857 
58,139 

154,996 

15.8 
84.2 

150.01 3 

of County 

14.0 
86.0 

100.0 

62.5 
37.5 

100.0 

4,668 
- 4,668 

Racine 

Walworth 

Washington 

Waukesha 

Region 

24.5 
- 3.6 

Acres 

27,715 
150,385 

178,100 

106,251 
48,813 

155,064 

Urban . . . . . . . 
Nonurban . . . . 
Total 

Urban . . . . . . . 
Nonurban . . . . 
Total 

Urban . . . . . . . 
Nonurban . . . . 
Total 

Urban . . . . . . . 
Nonurban . . . . 
Total 

Urban . . . . . . . 
Nonurban . . . . 
Total 

of County 

15.6 
84.4 

100.0 

68.5 
31.5 

100.0 

29,821 
187,725 

217,546 

27,948 
342,034 

369,982 

20,408 
258,326 

278,734 

61,214 
31 0,432 

37 1,646 

280,225 
1,440,790 

1,721,015 

Acres 

2,816 
- 2,814 

2C 

9,394 
- 9,326 

68' 

13.7 
86.3 

100.0 

7.6 
92.4 

100.0 

7.3 
92.7 

100.0 

16.5 
83.5 

100.0 

16.3 
83.7 

100.0 

Percent 

11.3 
- 1.8 

--d 

9.7 
- 16.0 

-- d 

- 
35,070 

182,491 

217,561 

32,315 
337,667 

369,982 

26,127 
252,607 

278,734 

76,619 
295,027 

37 1,646 

327,843 
1,393,257 

1,721,100 

16.1 
83.9 

100.0 

8.7 
91.3 

100.0 

9.4 
90.6 

100.0 

20.6 
79.4 

100.0 

19.0 
81 .O 

100.0 

5,249 
- ' 5.234 

15' 

4,367 
- 4,367 

5,719 
- 5,719 

15,405 
- 15,405 

47,618 
- 47,533 

85' 

17.6 
- 2.8 

15.6 
- 1.3 

28.0 
- 2.2 

25.2 
- 5.0 

17.0 
- 3.3 

--d 



Table 13 

POPULATION DENSITY TRENDS IN  THE REGION: 1850-1970 

- - 

a The'Fural-non farm" population is included in the urban total. 

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

in 1970. It should be noted, however, that although related thereto. The absolute and proportional areas 
overall population densities within the developed urban presently devoted to each major land use category within 
areas of the Region have been steadily declining since the Region are summarized by county in Table 14. 
1920, this decline has been accompanied by localized 
increases in population densities. Such localized popula- In 1970, as part of its continuing land use and transpor- 
tion increases have been the result of urban renewal tation planning program, the Commission conducted 
activities or, in isolated instances, of what in effect a detailed inventory of the location and extent of land 
constitutes new community development. For example, devoted to  41 specific land use categories. This inventory 
the Northridge Lakes community development within provided quantificationat the level of the U. S. Public 
the northwestern portion of the City of Milwaukee will Land Survey onequarter sectionvf these land use 
have population densities of about 15,000 persons per categories. Since only a 5 percent increase in the amount 
square mile when fully developed. Similarly, the redevel- - of developed urban land has occurred since 1970, the 
opment of certain older residential areas of the central 1970 data still provide a valid characterization of the 
cities and older suburbs within the Region, which replaces basic urban-rural structure of the Region as of 1975. 
residential development of single-family homes, duplexes, Accordingly, the 1970 data are presented here for general 
and flats with apartment development--often high-rise descriptive purposes. 
apartment development-may result in population 
density increases in localized areas. With respect to In 1975, a water quality-related land cover inventory of 
overall population densities within the Region, however, a specialized nature addressing 21 land cover categories 
such highdensity development and redevelopment is of different physical or land management characteristics 
offset by large areas of new suburban and exurban devel- was undert&en by the Commission. These categories 
opment which, even when it involves apartment projects, are defined primarily according to  their imperviousness 
has overall a relatively low urban population density. This and vegetation cover characteristics and their anticipated 
continued overall decline in urban population density, effects on the quantity and quality of storm water 
although accompanied by localized increases, has impor- runoff. The categories include golf courses and other 
tant implications for the provision of many public facili- recreation-related uses; croplands including row crops, 
ties and services, including the provision of sewerage and grain crops, vegetables, hay, orchards, nurseries, and sod 
other water quality management-related facilities, and farms; woodlands and other open space; lakes, rivers, 
complicates the planning and design for such facilities. streams, and canals; mining; landfills and dumps; free- 

ways, expressways, and other arterial streets; railroad 
Existing Land Use yards and terminals; airfields and terminals; and residen- 
The spatial distribution of land uses existing within the tial lands and associated land access and collector streets 
Region as of 1975 is summarized graphically on Map 7. of low, medium, and high imperviousness. The resulting 
This map provides a picture of existing regional develop- data are reported and utilized by watershed in the inven- 
ment at a given point in time, and its study can provide tory of pollution sources analyzed and published in 
certain valuable insights into an understanding of regional SEWRPC Technical Report No. 21, Sources of Water 
activity and development and of the areawide problems Pollution in Southeastern Wisconsin: 1975; are reported 

Year 

1850 
1880 
1900 
1920 
1 940a 
1 950a 
1 963a 
1970a 

Persons Per 
Square Mile 

Urban 

7,155.8 
7,750.5 
9,569.8 

1 1,346.0 
11,017.1 
8,544.1 
4,806.5 
4,355.0 

Total 

42.2 
103.1 
186.6 
291.4 
397.1 
461.4 
622.6 
653.1 

Urban 
Population 

Rural 
Population 

Total 
Population 

1 13,389 
277,119 
501,808 
783,681 

1,067,699 
1.240.61 8 
1,674,300 
1,756,086 

Number 

28,623 
139,509 
354,082 
635,376 
991,535 

1 , I  79,084 
1,634,200 
1,728,949 

Number 

84,766 
137,610 
147,726 
148,305 
76.1 64 
61,534 
40,100 
27,137 

Percent 
of Total 

25.2 
50.3 
70.6 
81.1 
92.9 
95.0 
97.6 
98.5 

Percent 
of Total 

74.8 
49.7 
29.4 
18.9 
7.1 
5.0 
2.4 
1.5 

Area 
(Square Miles) 

Urban 

4 
18 
37 
56 
90 

1 38 
340 
397 

Total 

2,689 
2,689 
2,689 
2,689 
2,689 
2,689 
2,689 
2,689 



Map 7 

GENERALIZED EXISTING LAND USE 
I N  THE REGION: 1975 

The spatial distribution of land user existing within the Region as of $975 is summarked on this map. Although routhestem Wirconrln is a highly urbanized 
Region, leu than 20 percent of io totel area i s  presently devoted to urbannpe iand uses. As of 1970agric~lt~re. while decliningin BMn~mic importance within 
me Region, niii rroupisd 60 percent of the total land area within the Region, with the remaining 20 perant of the ares ocrupled by water. wetlands, and wwd- 
Isndr. The diffusion of lowdensity urban development which has occurred within the Region pines 1950 is evident from an examination of the map. While some 
of them ares currently shown s lowdenriw development may eventually thrwgh additional &wlopment become medium.density, many of there sreso are 
LCdttered far from the existing and proposed servics areas of public utility wltemr. They reprerent, therefore, a permanent commitment to urban developmtnt 
Without centralized public unitary tewer and watsr rupply services. It is imponant that future urban development within ths Region be encouraged ra w u r  in .,,,. ; 

those a- recommended for ruch devslopment in the adopted regional iand use plan $0 that ssrential public utility services can be provided in an efficient and a& 5 
economicel manner. 



Table 14 

DISTRIBUTION OF LAND USE IN THE SOUTHEASTERN WISCONSIN REGION BY COUNTY: 1970 

a lncludes all residential areas, developed and under development, 

County 

Kenosha 
Acres . . . 
Percent . . 

Milwaukee 
Acres . . . 
Percent . . 

Ozaukee 
Acres . . . 
Percent . . 

Racine 
Acres . . . 
Percent . . 

Walworth 
Acres . . . 
Percent . . 

Washington 
Acres . . . 
Percent . . 

Waukesha 
Acres . . . 
Percent . . 

Region 
Acres . . . 
Percent . . 

lncludes all manufacturing, wholesale, and storage. 

lncludes off-street parking o f  more than 10 spaces. 

lncludes institutional uses. 

lncludes woodlands, unused lands, and quarries. 

Agricultural 

113,930 
64.0 

28,607 
18.4 

100,491 
67.0 

147,207 
67.7 

261,744 
70.7 

186,466 
66.9 

201,676 
54.3 

1,040,121 
60.4 

Open landse 

17,010 
9.5 

15,999 
10.3 

10,897 
7.3 

17,572 
* 8.1 

36,763 
9.9 

30,503 
10.9 

43,562 
11.7 

172,306 
10.0 

Source: SEWRPC 

Total 

178,100 
100.0 

155,064 
100.0 

150,013 
100.0 

217,561 
1 00.0 

369,982 
100.0 

278,734 
100.0 

371,646 
100.0 

1,721,100 
100.0 

Water and 
Wetlands 

19,445 
10.9 

4.207 
2.7 

14,879 
9.9 

17,712 
8.1 

39.1 60 
10.6 

35,638 
12.8 

49,789 
13.4 

180,830 
10.5 

m summary form in Volume One, Chapter V of this 
report; and were applied to characterize the tributary land 
surface in the hydrologic-hydraulic-water quality simula- 
tion model used as the key analytical tool in this report. 
The traditional SEWRPC land use inventory is also being 
completed for 1975 to  provide a basis for the monitoring 
of land use plan implementation and for trend analysis, 
and to support the Commission's other work programs. 
As these data are assembled for portions of the Region, 
they will be held available in the Commission files for 
use by local units of government and private investors. 

Although southeastern Wisconsin is a highly urbanized 
Region, less than 20 percent of its total area is presently 
devoted to urban-type land uses. The largest land use 
category within the Region is still agriculture, which 
presently occupies about 60 percent of the total area 

Land Use 

~ o v e r n m e n t ~  

1,324 
0.7 

_ _ _ _ _ _ _ - - - -  

7,490 
4.8 

940 
0.6 

1,744 
0.8 

1,192 
0.3 

919 
0.3 

3,009 
0.8 

16,618 
1 .O 

~es iden t ia l~  

13,477 
7.6 

45,632 
29.4 

12,321 
8.2 

16,625 
7.6 

13,408 
3.6 

11,525 
4.1 

43,278 
11.6 

156,266 
9.1 

of the Region. The next largest land use categories are 
water and wetlands, which occupy about 10 percent 
of the total area, and woodlands and open lands, which 
occupy another 10 percent of the total area of the 
Region. Therefore, more than 80 percent of the Region 4 
is presently devoted to  agriculture, woodlands, wetlands, 
other open lands, and surface waters. 

Recreation 

2,672 
1.5 

9,924 
6.4 

1,657 
1.1 

2,585 
1.2 

4,275 
1.2 

1,664 
0.6 

6,219 
1.7 

28,996 
1.7 

lndustrialb 

81 1 
0.5 

4,899 
3.2 

444 
0.3 

1,099 
0.5 

827 
0.2 

434 
0.2 

1,525 
0.4 

10,039 
0.6 

Commercial 

504 
0.3 

2,875 
1.9 

330 
0.2 

575 
0.3 

593 
0.2 

299 
0.1 

1,341 
0.4 

6,517 
0.4 

The single "urban" type land use occupying the greatest 
area is residential, which presently accounts for about 
9 percent of the total area of the Region. A close second 
is the category of transportation, utilities, and com- 
munications, which accounts for about 6 percent of the 
total area. The very small amount and proportion of land 
presently devoted t o  the urban economic activities, which 
are so important to  the support of regional growth and 
development, are both surprising and significant. The 

 rans sport at ion' 

8,927 
5 .O 

35,431 
22.9 

8,054 
5.4 

12,442 
5.7 

12,020 
3.3 

11,286 
4.1 

21,247 
5.7 

109,407 
6.3 



total land area presently devoted to commercial, manu- 
facturing, and wholesaling functions within the Region 
(minus onsite parking) amounts to only 16,556 acres, 
or 1 percent or the total land area, yet this small area 
provides the basis for more than 212,900 commercial, 
252,100 manufacturing, and 32,000 wholesale jobs, or 
in all about two-thirds of the total jobs in the Region. 

Residential: The residential land use category includes 
and identifies both land actually occupied by a residence 
of some kind and vacant land which was either under 
development for residential use or immediately avail- 
able for such use in 1975. "Vacant land," as used in 
the inventory, includes vacant building sites between 
existing residences and improved but still vacant resi- 
dential subdivisions. 

At the time of the 1970 land use inventory, there were 
156,280 acres of residential land in the Region, or about 
9 percent of the regional total. Table 15  details the 
amounts and relative proportions of land devoted to 
the different types of residential use. The largest land 
consumer in this group is the single-family detached 
residence, which occupies about 78 percent of the total 
residential land area in the Region. Lands under residen- 
tial development accounted for about 16  percent of the 
total, while two-family residences accounted for about 
4 percent of the total. Mobile homes and multifamily 
residences combined consumed approximately 2 percent 
of the total residential land in the Region. 

Commercial: The commercial land use category includes 
all retail and service-type commercial uses, including both 
local and regional shopping centers, highway-oriented 
commercial areas, and professional and executive offices, 
but excluding onsite parking of more than 10 spaces. 
There are presently 6,517 acres of land, or less than 
1 percent of the regional total, devoted to this land 
use category. 

Table 15 

RESIDENTIAL LAND USE IN THE REGION BY TYPE: 1970 

Single-family . . . . . . . . . . . . . . . 
Two-family . . . . . . . . . . . . . . . . 
Multifamily (less than 4 stories) . . . 
Multifamily (4 or more stories) . . . 
Mobile Homes. . . . . . . . . . . . . . . 
Residential Land 
Under Development. . . . . . . . . . 

Type of Residential Use 

I Total 1 156,281 1 100.0 1 

Source: SEWRPC. 

Acres 

Industrial: This land use category includes all manufac- 
turing activities, wholesaling offices, warehouses, and 
storage yards but excludes onsite parking of more than 
10 spaces. There are presently 10,039 acres of land, or 
less than 1 percent of the regional total, devoted to this 
land use category. 

Percent 

Transportation, Communication, and Utility: The trans- 
portation, communication, and utility land use category 
includes all street and highway rights-of-way; railroad 
rights-of-way and yards; airport, rail, ship, bus, and truck 
terminals; communications facilities such as radio or 
television stations and transmission towers; utility rights- 
of-way and plants, such as sewage disposal and water 
treatment and storage facilities; and all off-street parking 
areas containing more than 10  parking spaces. There are 
presently 109,453 acres of land, or about 6 percent of 
the regional total, devoted to this land use category. 

Government and Institutional: The land areas devoted 
to governmental and institutional uses are classified 
according to local or regional service orientation. If the 
service emphasis of a governmental or institutional 
use is oriented toward more than one community it is 
classified as regional. If such service emphasis is oriented 
toward a single community or neighborhood, except 
for high schools in the City of Milwaukee, it is classified 
as local. Regional uses include colleges and universities, 
high schools, large central libraries, museums, hospitals, 
nursing homes, county courthouses, welfare agencies, 
military installations, and others. Local uses include 
elementary schools, churches, branch libraries, and fire 
stations, as well as city, village, and town halls. At the 
time of the land use inventory in 1970, 16,773 acres 
of land in southeastern Wisconsin were devoted to 
governmental and institutional uses, representing 1 per- 
cent of the total area of the Region. Government and 
institutional land with a local service orientation com- 
prised 5,479 acres, or 32.7 percent of this category; the 
large balance of government and institutional land had 
a regional orientation. 

Recreation: The active recreational land use category 
includes lands actually devoted to recreational uses 
such as playgrounds, parks, golf courses, zoos, camp- 
grounds, picnic areas, marinas, and others. In conducting 
land use inventories, all recreational facilities were further 
classified as public and nonpublic. The 1970 land use 
inventory reported a total of 32,420 acres of active 
recreational lands in southeastern Wisconsin, representing 
1.9 percent of the total area of the Region. Public recrea- 
tional areas comprised 15,806 acres, or 48.8 percent of 
this total, while the balance of the active recreational 
areas in the Region was privately owned. 

Woodlands and Open Lands: This land use category 
includes all land areas presently containing trees or 
heavy brush; lands which are not presently devoted 
to urban use, cropped, or grazed; land areas presently 
devoted to such temporary uses as open pits for trash 
or garbage disposal; and quarries either operating or 
nonoperating. There are presently 170,105 acres of 
land, or nearly 10  percent of the regional total, devoted 



to  this land use category. Approximately 73 percent of 
this area is devoted to  woodlands, with most of the 
remaining area, 22 percent, classified as unused land. 
Only 5 percent, or 8,348 acres, is classified as quarries 
or pits. 

Water and Wetlands: The water and wetland use category 
includes all inland lakes excluding Lake Michigan; all 
streams, rivers, and canals more than 50 feet in width; and 
open lands which are intermittently covered with water 
or which are wet due to a high water table. Presently 
there are 179,877 acres of water and wetland areas in 
the Region, or about 10 percent of the regional total. 

Agricultural: The agricultural land use category includes 
all croplands, pasturelands, orchards, nurseries, and fowl 
and fu; farm$.- arm dwelling sites were classified as resi- 
dential land and assigned a site area of 20,000 square feet. 
All other farm buildings were included in the agricultural 
land use category. Agriculture is the singularly largest 
land use in the Region, and about 60 percent of the 
total area of the Region, or 1,039,636 acres, is devoted 
t o  this use. 

Land Use by Watershed 
As set forth in Table 16, a wide distribution of land use 
mixes is found within the 12  watersheds of the Region. 
Although agriculture at 60.4 percent comprises the 
largest single land use in the Region, the proportion of 
land used for agricultural purposes varies from 2 percent 
in the Kinnickinnic River watershed to 83  percent in the 
Sauk Creek and Sheboygan River watersheds. Similarly, 
water and wetlands vary from 1 percent in the Kin- 
nickinnic River watershed to 1 3  percent in the Fox and 
Rock River watersheds. Open lands vaxy from 4.7 percent 
in the Sauk Creek watershed to 14.7 percent in the 
Oak Creek watershed. Based on the proportions of the 
watershed areas devoted to  urban land uses-i.e., all land 
uses other than agricultural, open lands, and water and 
wetlands-the most urban watersheds in 1970, ranked 
in declining order, were the Kinnickinnic River water- 
shed with 14,606 acres, or about 89 percent urban; the 
Menomonee River watershed with about 45,872 acres, 
or about 53 percent urban; the minor streams tributary 
to the Lake Michigan watershed with about 32,215 acres, 
or. about 51 percent urban; the Oak Creek watershed 
with 7,524 acres, or about 43.6 percent urban; the 

Table 16 

DISTRIBUTION OF LAND USE I N  THE SOUTHEASTERN WISCONSIN REGION BY WATERSHED: 1970 

alncludes all residential areas, developed and under development. 

blncludes all manufacturing, wholeiale, andsforage. 

Clncludes off street parking of more than 10 spaces. 

dlncludes institutional uses. 

elncludes woodlands, unused lands, and quarries. 

Source: SEWRPC. 

Rock River 

R w t  River 

Sauk Creek 

Sheboygan River 

Region 

Percent. . . 
Acres . . . .  
Percent. . . 
Acres. . . . 
Percent. . . 
Acres. . . . 
Percent. . . 
Acres. . . . 
Percent. . . 

Acres . . . .  
Percent. . . 

10.0 

18,451.96 
5.0 

15,725.95 
12.5 

673.72 
3.1 

125.53 
1.9 

156,261.79 
9.0 

0.3 

582.74 
0.1 

711.59 
0.6 

26.90 
0.2 

3.53 
0.1 

6,516.85 
0.4 

1 .O 

681.28 
0.2 

429.97 
0.3 

75.68 
0.3 

17.96 
0.3 

10,037.44 
0.6 

6.6 

13,519.93 
3.4 

10,229.44 
8.2 

1.162.96 
5.3 

212.25 
3.1 

108,756.36 
6.0 

1.9 

1.613.28 
0.4 

1,473.53 
1.2 

120.91 
0.5 

18.61 
0.3 

17.482.79 
1 .O 

2.6 

3.399.46 
0.9 

3,492.92 
2.8 

9.57 
0.1 

3.95 
0.1 

26,800.87 
2.0 

2.6 

49.557.68 
13.0 

5.468.91 
4.4 

615.67 
2.8 

139.44 
2.1 

180,826.14 
11.0 

6.0 

39,822.67 
10.0 

9.387.85 
7.5 

1.039.70 
4.7 

614.85 
9.1 

172.296.69 
10.0 

69.0 

264,016.61 
67.0 

78,415.06 
62.5 

18,335.84 
63.0 

5,626.79 
83.0 

1,040,118.80 
60.0 

1w.O 

391,645.61 
100.0 

125,335.22 
100.0 

22,060.95 
100.0 

6,762.91 
100.0 

1.721.099.60 
lW.O 



Root River watershed with 32,063 acres, or about 
25.6 percent urban; the Pike River watershed with 
7,220 acres, or about 22.4 percent urban; the Milwaukee 
River watershed with 61,524 acres, or about 22.3 percent 
urban; the Fox River watershed with 79,802 acres, or 
about 1 3  percent urban; the Rock River watershed with 
38,249 acres, or about 9.7 percent urban; the Sauk 
Creek watershed with 2,070 acres, or about 9.4 percent 
urban; the Des Plaines River watershed with 7,730 acres, 
or about 9 percent urban; and the least urbanized water- 
shed-the Sheboygan River watershed with 382 acres, 
about 5.7 percent urban. 

PUBLIC UTILITY BASE 

Urban development today is highly dependent upon 
public utility systems which serve individual land uses 
with power, light, communications, heat, water, and 
sewerage. How well the Region and its principal parts 
can sustain urban development depends to  a considerable 
extent upon the location and capacities of the utility 
facilities. Of particular importance to  areawide water 
quality management planning is the consideration of 
those utility facilities which are closely linked to the 
surface and groundwater resources of the Region and 
which may, therefore, greatly affect the overall quality 
of the regional environment. This is particularly true of 
sanitary sewerage, storm water management, and water 
supply facilities which are, in a sense, modifications of, 
or extensions to, the natural lake, stream, and water- 
course system of the Region, and which may, therefore, 
influence its quality and ability to  support the intended 
uses. A knowledge of the location and existing service 
areas of water supply systems, sanitary sewerage systems, 
and storm water management systems within the Region is 
essential to areawide water quality management planning. 

Most water and sewerage utilities and storm water man- 
agement facilities in the Region are organized as water 
and sewer or public works departments of incorporated 
municipalities, and serve only those areas within the 
political boundaries of a municipality. Where sanitary 
districts have been organized, sanitary sewer and water 
service areas will often tend to be coterminous. There- 
fore, a general pattern of water and sewer service areas 
following political boundary lines rather than natural 
topographic boundaries, such as watershed boundaries, 
exists within the Region. Similarly, urban storm water 
management facilities are often constructed only to  
those limits of political boundaries. The governing bodies 
of these utilities tend t o  be concerned primarily, if not 
solely, with the problems existing within the individual 
political subdivisions served, rather than with problems 
affecting the area as a whole and the individual political 
subdivisions in part. The artificial limitations thus placed 
on sewerage system and storm water management plan- 
ning and development at the local level make it extremely 
difficult to realize the full benefits which may be avail- 
able from such planning and development. 

Sanitary Sewerage Utilities 
Virtually all sanitary sewer service within the Region is 
provided by public agencies. These agencies generally 

take the form of a commission in the case of utilities 
providing areawide sewer service, a department in the 
case of utilities providing sewer service to an incorporated 
municipality, and a town sanitary or utility district board 
in the case of utility sewer service to  an unincorporated 
area. Inventories as reported in Volume One, Chapter V 
of this report indicate that in 1975 there were a total 
of 95 centralized public sanitary sewerage systems 
operated by utilities within the Region. These 95 systems 
serve a total area of about 353 square miles, or about 
13  percent of the total area of the Region, and a total 
population of about 1.54 million persons, or about 
86 percent of the total population of the Region. A total 
of 61 sewage treatment facilities are currently operated 
by the utilities owning, operating, and maintaining the 
95 public sanitary sewerage systems, with many of the 
utilities contracting with adjacent utilities for sewage 
treatment purposes. In addition, there are 67 privately 
owned sewage treatment plants presently in operation 
within the Region. These generally serve isolated land 
use enclaves associated primarily with relatively large 
industrial, commercial, and recreational enterprises. In 
all, then, there were 128 sewage treatment facilities 
within the Region in 1975. The existing public sanitary 
sewerage service areas together with the location of the 
existing sewage treatment facilities within the Region are 
shown on Map 8. 

Septic Tank System Development: The construction of 
vublic sanitary sewerage facilities has not fully kept 
pace with the rapid urbanizatibn of the ~ e g i o n ,  and 
this has been a contributing factor to the widespread 
use of onsite soil absorption sewage disposal systems. 
An estimated total of 246,500 persons in the Region, 
or about 14 percent of the total resident population, 
rely on such septic tank sewage disposal systems for 
domestic sewage disposal. About 24,000 of these persons 
live on farms. The remaining 222,000 persons constitute 
urban dwellers generally living in scattered fashion 
throughout the rural and rural-urban fringe area of the 
Region. An estimated 28 percent of. the area presently 
devoted to urban land uses within the Region is unserved 
by sanitary sewerage facilities. 

Urban Storm Water Management Systems 
The engineered urban storm water management systems 
of the Region are constructed and maintained by public 
agencies in the form of commissions, departments of 
general purpose governments, or urban drainage district 
boards. In 1975, there were a total of 55 engineered 
urban storm water management systems within the 
Region consisting of a combination of piped and channel- 
ized drains and in some cases natural drainage channels. 
Systems mapping was available for such systems in 
48 civil divisions. The remaining seven civil divisions are 
known to operate storm water drainage systems, but 
could not provide systems mapping. 

The systems for which mapping was available, serve 
a total area of about 183 square miles, or about 7 percent 
of the total area of the Region, with a total resident 
population of about 1.50 million persons, or about 
84 percent of the total resident population of the Region. 
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Centralized public raniIary r @ h r  service in the Regiol i s  curmifly provided-by 95 publlc smrage rystama to an sresof about 353 square milss, or 13 percant 
01 the ml ana of the Region. Them 95 systems ?awe more than 1.5 million perronr, or about 86 percent of ?he total pwuiatim of the Rsgion. About 
27 suwe miles, primarily located in the central cities of Kenorha. Milwaukee, and Racine, are w e d  by combined rcorm and sanitary sewen. Tresmnt  for 
?a- generafed in the Region is provided at 61 public raw* trsarment facilitisr, which collectively discharge about 293 mllllon gallons of sewage effluent i s r  
day. Of t h i s  mtal. 254 mgl, or 87 pemnt, are dirhsrged directly to Lake Michigan. There are also 67 rewage treamvtnt facilltiea s w i n g  isoleted enclaves of u r h  
land usa development, ar well sr 277 known pdnt sources of wanewarer other than rewage treatment plant$, whlch consist pdrnarilv of industrial omling, rins, 
p l w ,  and warh m r r  dirhargd directly to storm rawerr or meamr. While not shown on this map, thew are an additional 590 known poinu of rswag flow 
rsilef In the Region, consisting of combined rewar overflows, relief pumping stationr,ermoverr from the sanitary to the s tan  w e r  svstem, and graviw b y p m  
directly to the meam of the Region. In total, then, there sw nearly 1,000 min t  sources of raw resewage, rewage effluent. and indumial w m  discharge throughout 
the Region. 

h r m :  SEWRPC. 53 



In addition to natural watercourses, improved surface 
drainageways, and subsurface conduits, these systems are 
known to include occasional pumping stations, detention- 
retention basins, and experimental installations for the 
treatment of combined sewer overflows. The location and 
extent of existing storm water management systems for 
which mapping was available within the Region as of 
1975 are shown on Map 9. 

Water Utilities 
Most of the water supply service within the Region is 
provided by public water utilities. In 1975, there were 
a total of 72 publicly owned water utilities within the 
Region (see Table 17). Of these 72 utilities, all but one- 
the North Shore Water Utility in Milwaukee County- 
provide retail water service to  consumers. The North 
Shore Water Utility provides wholesale water service 
only to three other water utilities-the Glendale Water 
Utility, the Village of Whitefish Bay Water Utility, and 
the Water Utility of the Village of Fox Point. Together, 
these 72 publicly owned water utilities serve an area of 
about 327 square miles, or about 12 percent of the total 
area of the Region, and about 1.59 million persons, or 
about 89 percent of the total resident population of the 
Region. The existing service areas of these 72 publicly 
owned water utilities as of 1975 are shown on Map 10. 

In addition to the publicly owned water utilities, there 
are 79 known private or cooperatively owned water 
systems in operation within the Region (see Table 18). 
Many of these small water systems serve isolated resi- 
dential enclaves. Some serve summer residents only and 
suspend operations during cold weather. Very few of 
these private systems have standby supply or storage 
facilities, and the great majority do not keep detailed 
records or file annual reports with state or regulatory 
bodies. It is anticipated that many of these systems will 
eventually be absorbed into publicly owned municipal 
water utilities. The locations of these 79 known privately 
owned water utilities are also shown o11 Map 10. 

All water supplied by the publicly owned water utilities 
is drawn either from Lake Michigan or from the two 
district groundwater aquifers underlying the Region. 
Treated Lake Michigan water in an amount averaging 
322 millions of gallons per day (mgd) was supplied in 
1975 to  an aggregate service area of about 252 square 
miles, or about 10 percent of the total area of the Region, 
and a resident population of about 1.35 million persons, 
or about 76 percent of the total resident population of 
the Region. Twenty-one of the 72 public utilities in the 
Region utilize Lake Michigan as a sole source of supply. 
Of these 21, seven own and operate water intake and 
treatment facilities, while 14 purchase water on a whole- 
sale basis. Generally, Lake Michigan offers an unusually 
good source of supply to those areas lying east of the 
subcontinental divide and within economic reach of this 
source of supply. 

Well water in an amount averaging about 35 mgd was 
supplied in 1975 to  an aggregate area of about 75 square 
miles, or about 3 percent of the total area of the Region, 

and a population of about 235,000 persons, or about 
13 percent of the total resident population of the Region. 
Fifty-one of the public utilities in the Region utilize the 
groundwater as a source of supply. In general, water 
service from a municipal utility is, as a matter of local 
policy, furnished only to  property within the municipal 
limits of that municipality. Only the Cities of Kenosha, 
Milwaukee, and Racine in the Region provide water 
service beyond their corporate limits in any substan- 
tial amounts. 

Gas Utilities 
Three gas utilities are authorized to operate within 
the Region and provide all public gas service therein. 
The Wisconsin Gas Company is authorized to  operate in 
parts of Milwaukee, Ozaukee, Washington, and Waukesha 
Counties. The Wisconsin Natural Gas Company is author- 
ized to  operate in parts of Kenosha, Milwaukee, Racine, 
Walworth, and Waukesha Counties. The Wisconsin 
Southern Gas Company is authorized to operate in parts 
of Kenosha, Racine, and Walworth Counties. Only in the 
Towns of Erin and Wayne, both in Washington County, 
is there no gas utility presently authorized to operate. 
Natural gas is supplied to the three gas utilities by the 
Michigan-Wisconsin Pipeline Company and the Natural 
Gas Pipeline Company of America. Gas service may be 
considered to be virtually ubiquitous and does not con- 
stitute a major constraint on the location and intensity 
of urban development in the Region. 

Electric Utilities 
Two maior vrivatelv owned electric utilities are author- 
ized within t he  ~ e g i o n  which, together with five small 
municipal utilities, provide service to  the entire Region. 
The Wisconsin Electric Power Company is authorized 
to  operate throughout nearly the entire Region. The 
Wisconsin Power and Light Company is authorized to 
operate in parts of Kenosha and Walworth Counties. 
Municipal electric power utilities are operated by the 
Cities of Cedarburg, Elkhorn, Hartford, and Oconomo- 
woc, and the Village of Slinger. Generally, an adequate 
supply of electric power is available throughout the 
Region. Residential service is available on demand any- 
where within the Region, and low voltage lines are in 
place along virtually every rural highway. Therefore, 
electric power service, like gas service, may be con- 
sidered virtually ubiquitous and not a major constraint 
on the location and intensity of urban development 
in the Region. 

TRANSPORTATION BASE 

The extensively developed, all-weather, high-speed high- 
way system within the Region has had a marked influence 
on the spatial location of urban development. This 
influence has, however, been significantly modified by 
the location within the Region of such natural resources 
as lakes, streams, woodlands, and fertile farmlands. The 
major arterial street and highway network within the 
Region, as shown on Map 11, consists of an essentially 
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A total of 55 urban storm water drainage ~ y n e m r  conriadog of p l p d  and channelized drains and natural surface drainage channsismre identified in the Region. 
Them storm water drainage ryrtemr rerve just over I,SOO.WO persona, or about 84 percent of the total population of the Region. System mapping wan wailable far 
48 of them 55 syatems. The systems for which mapping war avsilsbls rsrve a tots1 ares of about 183 oquare miles, or about 7 percent of the Region and contain 
1.358 known outfsils. During periods of wet mather, there storm water drainage systems dlocharge pollutants t o  the lakes and streams of the Region. The total 
runoff discharged from the outfails in rhe 48 oyotemn for which mapping wso available as they existed in 1975-excluding the combined rewr syptems4uring an 
average Year was estimated at about 22.9 billion gallons occurring in about 70 discrete events. 

Source; SEWRPC. 5 5 



Table 17 

PUBLIC WATER UTILITIES I N  THE REGION: 1975 

Estimated 
Average 

Consumption 
(MGD) 

15.355 
0.024 
0.027 

0.1 11 
0.184 
0.039 

15.740 

1.484 
0.097 
2.347 
2.809 
3.153 

239.675 
.. 

1.566 
7.992 
1.453 
2.031 
0.920 
6.602 

1 2.098 

282.227 

0.142 
1.186 
0.124 
1. 165 
1.045 
0.696 

4.358 

1.286 
0.052 
0.239 
0.1 64 
0.832 

22.156 
0.199 
0.362 
N /A 
0.574 
0.1 78 
0.166 

26.208 

0.074 
0.799 
0.607 
0.523 
0.334 
0.085 
1.044 
N /A 
0.002 
N /A 
0.243 
1.492 
0.235 

5.438 

Public Water Ut i l i ty 

Name Location 
Area Sewed 
(square miles) 

15.50 
0.16 
0.28 

0.26 
0.82 
0.19 

17.21 

4.36 
0.16 
6.67 
4.66 
5.97 

147.91 
.. 
1.70 
4.78 
4.90 
2.13 
2.88 

13.28 
10.37 

209.77 

0.42 
2.56 
0.56 
2.21 
2.30 
1.06 

9.1 1 

2.38 
0.31 
0.80 
0.06 
1.34 

16.90 
0.68 
1.03 
1.98 
0.77 
0.83 
1.21 

28.29 

0.54 
2.41 
1.17 
1.98 
1.75 
0.61 
1.91 
0.04 
0.16 
0.62 
0.85 
2.39 
1.49 

15.92 

KENOSHA COUNTY 
Kenosha Water ut i l i tyarb . . . . . . . . . . . . . . . . . .  
Paddock Lake Municipal Water Ut i l i ty . . . . . . . . . .  
Pleasant Park Ut i l i ty Company. lnc.' . . . . . . . . . . .  

. . . . . . . . . . . . . . .  Pleasant Prairie Water worksC 
. Sanitary District N o  1. Town of  Somersa . . . . . . . .  

Town o f  Bristol Water Ut i l i ty . . . . . . . . . . . . . . .  

Estimated 
Population 

Sewed 

87. 500 
1. 100 

800 

400 
1. 500 

500 

91. 800 

13. 600 
N /A  

1 2. 000 
21. 700 
13. 500 

882. 500 
.. 

14. 300 
23. 400 
1 6. 800 
16. 200 
7. 900 

55. 700 
69. 000 

1.146. 600 

900 
10. 400 
1. 300 
8. 800 
9. 500 
2. 400 

33. 300 

8. 900 
1.000 
2. 500 

200 
5. 200 

96. 700 
1. 900 
4. 400 
1. 400 
3. 000 
2. 300 
2. 000 

129. 500 

1.000 
5. 800 
2. 200 
4. 300 
1. 800 
1. 100 
5. 600 

300 
100 

1. 300 
1. 700 

11. 000 
1. 700 

37. 940 

City of Kenosha 
Village o f  Paddock Lake 

. Town of Pleasant Prairie 
Pleasant Homes Subdivision 

Unincorporated Village o f  Pleasant Prairie 
Town of Somers 
Town of Bristol 

Subtotal-Kenosha County 

MILWAUKEE COUNTY 
Brown Deer Municipal Water u t i l i t ya  . . . . . . . . . . .  
City of Franklin Industrial Park . . . . . . . . . . . . . .  
City o f  Oak Creek Water and Sewer u t i l i t yd  . . . . . . .  
Cudahy Water ~ e p a r t m e n t ~  . . . . . . . . . . . . . . . .  
Glendale Water utilitya . . . . . . . . . . . . . . . . . . .  
Milwaukee Water worksare . . . . . . . . . . . . . . . . .  
North Shore Water ~ t i l i t y ~ ' ~  . . . . . . . . . . . . . . . .  
Shorewood Municipal Water u t i l i t ya  . . . . . . . . . . .  
South Milwaukee Water utilitya . . . . . . . . . . . . . .  
Village o f  Greendale Water and Sewer u t i l i t ya  . . . . . .  
Village of Whitefish Bay Water u t i l i t ya  . . . . . . . . . .  
Water Ut i l i ty o f  the Village o f  Fox pointa . . . . . . . .  
Wauwatosa Water worksa . . . . . . . . . . . . . . . . . .  
West Allis Water utilitya . . . . . . . . . . . . . . . . . .  

Village o f  Brown Deer 
City o f  Franklin 
City o f  Oak Creek 
City o f  Cudahy 
City o f  Glendale 
City of Milwaukee 
City o f  Glendale 
Village of Shorewood 
City o f  South Milwaukee 
Village o f  Greendale 
Village o f  Whitefish Bay 
Village of Fox Point 
City o f  Wauwatosa 
City of West Allis 

Subtotal-Milwaukee County 

OZAUKEE COUNTY 
Belgium Municipal Water Ut i l i ty . . . . . . . . . . . . . .  
Cedarburg Light and Water Commission . . . . . . . . .  
Fredonia Municipal Water and Sewer Ut i l i ty . . . . . . .  
Grafton Sewer and Water Ut i l i ty . . . . . . . . . . . . . .  
Port Washington Municipal Water u t i l i t ya  . . . . . . . .  
Saukville Municipal Water and Sewer Ut i l i ty . . . . . . .  

Village o f  Belgium 
City o f  Cedarburg 
Village of Fredonia 
Village o f  Grafton 
City of Port Washington 
Village of Saukville 

Subtotal-Ozaukee County 

RACINE COUNTY 
Burlington Water Works . . . . . . . . . . . . . . . . . . .  
Caddy Vista Sanitary District . . . . . . . . . . . . . . . .  
Crestview Sanitary District . . . . . . . . . . . . . . . . .  
North Cape Sanitary District . . . . . . . . . . . . . . . . .  
North Park Sanitary I3istrictaA . . . . . . . . . . . . . . .  
Racine Water ~ e p a r t m e n t ~ ' ~  . . . . . . . . . . . . . . . .  
South Lawn Sanitary ~ i s t r i c t ~  . . . . . . . . . . . . . . .  
Sturtevant Water and Sewer u t i l i t ya  . . . . . . . . . . . .  
Town of  Caledonia Water Ut i l i ty District No . l a  . . . . .  
Union Grove Water Department . . . . . . . . . . . . . .  
Waterford Water Ut i l i t y  . . . . . . . . . . . . . . . . . . .  
Wind Point Municipal Water utilitya . . . . . . . . . . .  

City of Burlington 
Town of Caledonia 
Town of Caledonia 
Towns o f  Norway and Raymond 
Town of Caledonia 
City of Racine 

. Town of  M t  Pleasant 
Village o f  Sturtevant 
Town of Caledonia 
Village of Union Grove 
Village o f  Waterford 
Village o f  Wind Point 

Subtotal-Racine County 

WALWORTH COUNTY 
Darien Municipal Water and Sewer Ut i l i ty . . . . . . . .  
Delavan Water and Sewerage Commission . . . . . . . . .  
East Troy Municipal Water Ut i l i ty . . . . . . . . . . . . .  
Elkhorn Light and Water Commission . . . . . . . . . . .  
Fontana Municipal Water Ut i l i ty . . . . . . . . . . . . . .  
Genoa City Municipal Water and Sewer Ut i l i ty . . . . . .  
Lake Geneva Water Commission . . . . . . . . . . . . . .  
Lyons Sanitary District No . 1 . . . . . . . . . . . . . . .  
Town of  Troy Sanitary District No . 1 . . . . . . . . . . .  
Village of Sharon Water Works and Sewer System . . . .  
Walworth Municipal Water and Sewer Ut i l i ty . . . . . . .  
Whitewater Municipal Water Ut i l i ty . . . . . . . . . . . .  
Williams Bay Municipal Water Ut i l i ty . . . . . . . . . . .  

Village o f  Darien 
City of Delavan 
Village of East Troy 
City o f  Elkhorn 
Village of Fontana-on-Geneva Lake 
Village of Genoa City 
City of Lake Geneva 
Town of Lyons 
Town of  Troy 
Village of Sharon 
Village o f  Walworth 
City o f  Whitewater 
Village of Williams Bay 

Subtotal-Walworth County 



Table 17 (continued) 

NOTE: N /A  indicates not applicable. 

a These utilities utilize Lake Michigan as the sole source of water supply. 

Estimated 
Average 

Consumption 
(MGD) 

0.130 
0.731 
3.344 
0.21 1 
0.408 
0.197 
0.241 

5.262 

0.667 
0.985 

1.306 
1.308 
0.345 
NIA 
1.082 
0.520 
N / A  
0.065 
0.046 
2.181 
9.141 
0.050 

17.696 

356.929 

The Kenosha Water Utiiity provides retail water service to portions of the Towns of Pleasant Prairie and Somers and wholesale water service to the Town o f  
Somers Sanitary District No. 7. The data presented in  this table for the Kenosha Water Utility include the communities served on a retail basis. 

Estimated 
Population 

Served 

800 
7,700 

19,300 
2,000 
2,400 
1,300 
2,800 

36,300 

2,200 
4,800 

1 1.000 
4,000 
3,400 
4,800 
7,300 
4,400 
4,100 
1,000 

900 
18,800 
49.000 

1.000 

1 16,700 

1,592,100 

Public Water Utility 

The Pleasant Park Utility Company, Inc. and the Pleasant Prairie Water Works are not public water utilities since they are privately owned. Because, however, 
these utilities operate in the same fashion as a public water util ity and because they are capable of ready expansion much the same as a public water util ity, they 
have been classified for analysis purposes in this study as public water utilities. 

Area Served 

The City of Oak Creek Water and Sewer Utility provides retail service to a portion of the City of Franklin. These data are shown under the City of Oak Creek Water 
and Sewer Utility totals. 

The Milwaukee Water Works provides retail water service to the Cities of Greenfield and St. Francis and the Village of West Milwaukee and a portion of the City of 
Franklin and provides wholesale water service to the Cities of Wauwatosa and West Allis and the Villages of Brown Deer, Greendale, and Shorewood. The data 
presented in this table for the Milwaukee Water Utility include the communities served on a retail basis. 

(square miles) 

The North Shore Water 
Point and Whitefish Bay. 

WASHINGTON COUNTY 
Allenton Sanitary District No. 1 . . . . . . . . . . . . . .  
City of Hartford Utilities Department. . . . . . . . . . .  
City of West Bend Water Department. . . . . . . . . . .  
Jackson Municipal Water Department. . . . . . . . . . .  
Kewaskum Municipal Water Department . . . . . . . . .  
Slinger Utilities. . . . . . . . . . . . . . . . . . . . . . . .  
Village of Germantown Water Utility . . . . . . . . . . .  

Utility provides 

Town of Addison 
City of Hartford 
City of West Bend 
Village of Jackson 
Village of Kewaskum 
Village of Slinger 
Village of Germantown 

re tail 

0.33 
1.91 
5.53 
0.46 
0.82 
0.57 
1.41 

' water service and 

11.03 

0.80 
4.93 

3.48 
1.40 
1.45 
2.36 
2.99 
1.28 
0.96 
0.49 
0.37 
4.38 
9.96 
0.39 

35.24 

326.57 

Subtotal-Washington County 

exists 

. . 
WAUKESHA COUNTY 

Butler Water Utility . . . . . . . . . . . . . . . . . . . . .  
City of Brookfield Water Utility . . . . . . . . . . . . . .  
City of Oconomowoc Electric and 
Water Departments. . . . . . . . . . . . . . . . . . . . .  

Hartland Municipal Water Utility . . . . . . . . . . . . .  
Mukwonago Municipal Water Utility . . . . . . . . . . .  
Muskego Water Utility. . . . . . . . . . . . . . . . . . . .  
New Berlin Water Utility . . . . . . . . . . . . . . . . . .  
Pewaukee Water and Sewage Utility . . . . . . . . . . . .  
Sussex Municipal Water Uti l i ty. . . . . . . . . . . . . . .  
Village of Dousman Water Utility . . . . . . . . . . . . .  
Village of Eagle Water Utility. . . . . . . . . . . . . . . .  
Village of Menomonee Falls Water Utility . . . . . . . .  
Waukesha Water Utility . . . . . . . . . . . . . . . . . . .  
Westbrooke Sanitary Districts Nos. 1 and 2. . . . . . . .  

only 

Village of Butler 
City of Brookfield 

City of Oconomowoc 
Village of Hartland 
Village of Mukwonago 
City of Muskego 
City of New Berlin 
Village of Pewaukee 
Village of Sussex 
Village of Dousman 
Village of Eagle 
Village of Menomonee Falls 
City of Waukesha 
Town of Brookfield 

to sell 

Subtotal-Waukesha County 

Region Total 

water wholesale basis the c i ty  of Glendale and the Villages of Fox 

The North Park Water Utilityprovides water on a wholesale basis to the Wind Point Municipal Water Utility. 

The Racine Water Department Provides retail water service to  the Villages of North Bay and Elmwood Park and the Town of Mt. Pleasant and wholesale water 
service to the Village of Sturtevant, the North Park Sanitary District, the South Lawn Sanitary District, and the Town of Caledonia Utility District No. 1. The data 
presented in this table for the Racine Water util ity include the communities served on a retail basis. 

Source: Wisconsin Public Service Commission, Wisconsin Department o f  Natural Resources, and SEWRPC. 





Table 18 

PRIVATE WATER UTILITIES IN THE REGION: 1975 

a Operation of the Root River Water Trust and Hawthorn Glens Subdivision wells were taken over b y  the City of Franklin in July 7977andas o f  that date s h w l d  
be considered as a public water utility. 

St. Bonaventure School was connected to the Village o f  Sturtevant water system i n  1977 and as o f  that date should be considered as a portion o f  the Village o f  
Sturtevan t public water utility. 

59 
Source: SEWRPC. 

Civil Division 

Town of 
Pleasant Prairie 

Town of Randall 
Town of Randall 
Town of Salem 
Town of Randall 
Town of Randall 

Town of Randall 

Village of 
Hales Corners 

City of Franklin 
Village of 

Hales Corners 
Village of 

Hales Corners 
City of Franklin 
City of Oak Creek 
City of Franklin 

City of Franklin 
Village of 

Hales Corners 
Village of Bayside 
Village of Bayside 
Village of Bayside 
City of Oak Creek 
Village of Bayside 
City of Franklin 
City of Milwaukee 
City of Franklin 
City of Franklin 
City of Greenfield 

City of Milwaukee 

Village of Bayside 

Village of Thiensville 
City of Mequon 
City of Mequon 
Village of Thiensville 

City of Mequon 
Village of Thiensville 
City of Mequon 

Code 
Number 

on 
Map 10 

1 

2 
3 
4 
5 
6 

7 

8 

9 
10 

11 

12 
13 
14 

15 
16 

17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

27 

28 

29 
30 
31 
32 

33 
34 

Private Water Supply 

Name 

KENOSHA COUNTY 
Carol Beach Water Company 

Edgewater Subdivision 
Lake Knolls Subdivision 
Oakwood Knolls Subdivision 
Twin Lakes Park Water Company 
Van Woods Estates 

Water Company 
Wy-Wood Co-operative 

MILWAUKEE COUNTY 
Blossom Heath Water Trust 

Franklin Estates Subdivision 
Hales Happiness 

Homesites Subdivision 
Hales Park Meadows 

Hawthorn Glens Subdivision 
Howell Avenue Estates Subdivision 
Milwaukee County 

House of Correction 
Mission Hills Subdivision 
Monaco Heights 

North Shore East Subdivision 
Northway Co-operative No. 1 
Northway Co-operative No. 2 
Oakview Subdivision No. 3 
Pelham Heath Subdivision 
Rawson Homes Subdivision 
Robert Williams Park 
Root River Water  rust^ 
Security Acres Water Trust 
Southgate Manor 

Estates Subdivision 
Town View Water 

Co-operative Association 
Vista Del Mar Water Trust 

OZAUKEE COUNTY 
Alberta Subdivision 
Apple Orchard Acres Subdivision 
Bonnie Lynn Highlands Subdivision 
Century Estates Subdivision No. 1 

and Additions 
Lac du Cours Subdivision 
Laurel Acres Subdivision 
Mequon Water Trust 

Civil Division 

Town of Dover 

Town of Dover 

Village of 
Mt. Pleasant 

Town of Waterford 

Town of Delavan 
Town of Delavan 
Town of Walworth 
Town of Delavan 
Town of Richmond 
Town of Linn 
Town of Walworth 
Town of Linn 

Town of Linn 
Town of Linn 
Town of Linn 

Code 
Number 

on 
Map 10 

43 

44 

45 

46 

47 
48 
49 
50 
51 
52 
53 
54 

55 
56 
57 

Range Line Hills Subdivision City of Mequon 
Ravine Farm Acres City of Mequon 

40 Village Heights Co-operative Village of Thiensville 
41 Villa Du Parc City of Mequon 

Private Water Supply 

Name 

RACINE COUNTY 
Center for the Developmentally 

Disabled (Wisconsin 
Southern Colony) 

Eagle Lake Manor 
Community Association 

St. Bonaventure Prep School 

Waterford Woods Association 

WALWORTH COUNTY 
Assembly Grounds Association 
Chicago Club 
Country Club Estates 
Crest View Estates Corporation 
Crystal Bowl, Inc. 
Elgin Club 
Gardens Association 
Knollwood and Cisco 
Beach Subdivision 
Lake Geneva Beach Subdivision 
Lake Geneva Club 
Maple Hills Subdivision 

58 Nippersink Subdivision Town of Bloomfield 
59 Oak Shores Subdivision Town of Linn 
60 Shore Havens Association Town of Linn 
61 Sunset Hills Association Town of Linn 
62 Sybil Lane Subdivision Town of Linn 

63 Walworth County Institutions and Town of Geneva 

Lakeland Nursing Corporation 
64 Wooddale Lake Shore Properties Town of Linn 

76 
77 

78 

79 

65 

66 
67 

68 
69 
70 
7 1 
72 
73 
74 

75 

Sunnyfield Acres Subdivision 
Westchester Water 

Co-operative No. 1 
Westchester Water 

Co-operative No. 2 
Westfield Co-operative 

Water Systems, Inc. 

Town of Oconomowoc 
City of Brookfield 

City of Brookfield 

Town of Brookfield 

WASHINGTON COUNTY 
None 

WAUKESHA COUNTY 
Brookfield Hills 

Apartment Complex 
Durham Meadows 
Ethan Allen School 

(Wisconsin School 
for Boys-Wales) 

Glendale Park Subdivision 
Highlands Water Co-operative 
Lynwood Water Company 
Marion Heights Terrace 
Monterey Heights Subdivision 
Northview Home and Hospital 
River View Manors 

Well Association 
Silver Springs Terrace Subdivision 

City of Brookfield 

City of Muskego 
Town of Delafield 

City of New Berlin 
Town of Pewau kee 
City of Brookfield 
Village of Elm Grove 
City of New Berlin 
City of Waukesha 
Village of 

Menomonee Falls 
Village of 

Menomonee Falls 



A R l  

LEGEND - FREEWAY 

- STANDARD ARTERIAL 

By 1972 mere were a total of 9.819 miles of nreets and highways of all kinds open to naffic within 
tionins at arterial streets and highways. This reprarentr a reduction of 69 miles, or about 2 percsnt.from t 
~eg ion in 1963.  hi^ in the arterial street system war the result of refinements 
highway lystem planning programr. There refinements reflect, in part, the effects of new 
fanm of the neighbnho~d unit concept in local planning with in important implication$ 
arterial facilities removed fvom ¶he ayatem in this procers were reverted to collector or land 

Source: SEWRPC. 
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radial pattern of state trunk highways interconnecting 
the urban and rural areas of the Region, supplemented 
by an essentially grid pattern of local arterials. 

Interregional bus service is provided between the various 
communities comprising the Region, as shown on Map 12. 
This intercity bus service is provided by seven private 
companies: Badger Coaches, Inc.; Central-West Motor 
Stages, Inc.; Greyhound Lines West; Peoria-Rockford 
Bus Company; Tri-State Coach Lines, Inc.; Wisconsin 
Coach Lines, Inc.; and Wisconsin-Michigan Coaches, Inc., 
which together operate bus lines over 484 miles of streets 
and highways. Also, one supplemental carrier, Scholastic 
Transit Company (North American Coach Company) pro- 
vides service on a demand basis. 

Intraregional bus service is provided within Milwaukee 
County by Milwaukee County and by the Wisconsin 
Coach Lines, Inc.; within the City of Racine by the 
City of Racine; within the City of Kenosha by the 
City of Kenosha; and within the City of Waukesha by 
Wisconsin Coach Lines, Inc. In 1972 the transit systems 
provided about 1,126 round trip route miles of service 
and served almost all of the most intensely urbanized 
areas of the Region. In 1972, 202.5 square miles were 
served by local transit systems, and about 1.2 million 
persons, or about 69 percent of the resident population, 
were located within one-quarter mile of a public intracity 
transit route (see Map 1 3  and Map 14). 

Intercity rail service in the Region presently is limited to 
freight hauling, except for scheduled passenger service, 
as shown on Map 12, to  the City of Milwaukee and the 
Village of Sturtevant by the National Railroad Passenger 
Corporation (AMTRAK) operating over the trackage of 
the Chicago, Milwaukee, St. Paul, and Pacific Railroad 
Company (Milwaukee Road). Other Chicago-area com- 
muter service is provided by the Chicago and North 
Western Railway (C&NW) from the City of Kenosha, 
but providing freight service only, is the Soo Line Rail- 
road Company. 

NATURAL RESOURCE BASE 

Introduction 
The natural resource base is a primary determinant of 
the development potential of a region and of its ability 
t o  provide a pleasant and habitable environment for all 
forms of life. The principal elements of the natural 

5~xtensive and detailed data on the transportation 
system of the Region are available from the Commission's 
ongoing areawide transportation planning program and 
were applied in the areawide water quality planningpro- 
gram as needed. For additional details describing the 
existing and anticipated future elements of the transpor- 
tation systems, see SEWRPC Planning Report No. 25, 
A ~ e ~ i o i a l  ~ a k d  Use and a Regional ~ransiortation plan 
for Southeastern Wisconsin. 

resource base are climate, physiography, geology, soils, 
mineral and organic resources, vegetation, fish and wild- 
life, and water resources. Without a proper understanding 
and recognition of these elements and of their inter- 
relationships, human use and alteration of the natural 
environment proceeds at the risk of excessive costs in 
terms of both monetary expenditures and destruction 
of nonrenewable or slowly renewable resources. In this 
age of high resource demand, urban expansion, and 
rapidly changing technology, it is especially important 
that the natural resource base be a primary consideration 
in any areawide planning effort since these aspects of 
contemporary civilization make the underlying and 
sustaining resource base highly vulnerable to  misuse 
and destruction. 

Climate 
Climate, especially the extreme variations in the three 
principal elements of climate-temperature, precipitation, 
and snow cover-directly affects the growth and develop- 
ment of an area, as well as the characteristics of its water 
resources. Climate determines to  a large extent the 
recreational interests and pursuits that can be followed 
by residents of an area ranging from swimming, boating, 
and numerous other summer recreational activities to  
skiing, snowmobiling, and ice-skating in the winter. 
Climate also has important economic implications. Rain- 
fall and temperature affect the kinds of agricultural 
crops which can be produced as well as the yields. Rain- 
fall, temperature, and snow cover affect the design of 
buildings and structures of various kinds and the costs 
of operating and maintaining both private and public 
facilities and services. Climate effects on water resources 
include temperature influences on the solubility of 
oxygen in water, evaporation rates, rates of chemical 
reactions, types of organisms present in water bodies, 
health and growth of organisms, and the toxicity of 
certain substances; wind-induced shoreline erosion by 
waves; rainfall-intensity and quantity effects on erosion 
and the subsequent deposition of materials in lakes and 
streams; and snow cover on frozen water bodies which 
affects light penetration and the resultant rate of photo- 
synthesis and associated oxygen production, and con- 
sequently the fish and aquatic life. 

The Region has a continental climate which spans four 
seasons, one season succeeding the other through varying 
time periods of unsteady transition. Summer generally 
spans the months of June, July, and August. The summers 
are relatively warm with occasional periods of hot, humid 
weather and sporadic periods of very cool weather. 
Winter generally spans the months of December, January, 
and February, but it may in some years be lengthened 
to include all or parts of the months of November and 
March. Winters tend to be cold, cloudy, and snowy. 
There is often a short midwinter thaw occasioned by 
brief periods of unseasonably warm weather. Streams and 
lakes begin to  freeze over in November, with the larger 
and deeper bodies of water usually being covered with 
ice by mid-December. Lake and stream ice breakup 
occurs in late March and early April due to increased 
solar radiation. 



Map 12 Map 13 

INTERURBAN AND SUBURBAN BUS AND 
RAILROAD PASSENGER SERVICE IN THE 

SOUTHEASTERN WISCONSIN REGION: 1972 

Seven private companies provide intercity bur service within the Region. 
operating bus lines over a total of 484 miles d public r trssn and highways. 
The only remaining scheduled rail passenser seNiCB i n  the Region consists of 
the national AMTRAK service, operated aver the Milwaukm Road trackam, 
and Chicagodrisnted commuter service f m m  communities in Kenmha and 
Walworth Counties. Subsequent to  1972 the commuter service to  the com- 
munitieo in Walworth Counry wao diocontinued. 

Soom; SEWRPC, 

Autumn and spring in the Region are transitional times 
of the year between the dominant seasons and are usually 
periods of unsettled weather conditions. Temperatures 
are extremely varied and long periods of precipitation 
are common. Early spring is marked by moderation of 
the low temperature of winter. By late March, rainfall 
replaces snow as the predominant form of precipitation. 
Typical spring weather may extend from March through 
May and is chmcterized by cool, wet weather. Typical 
autumn weather may extend from September through 
November, and is characterized by pleasant, mild, sunny 
days and cool nights. 

INTRAREGIONAL MASS TRANSPORTATION SERVICE 
IN THE KENOSHA A N 0  RACINE URBANIZED AREAS 

MAY 1972 

SECONDARY SERVICE ~ N LEGEND 

- EXPRESS BU9 LlNE 

TERTIARY SERVICE - LoCaL BUS LlNE 

.em"#.. AREA 

- URBAN12ED AREA 
80UNMW 

I n  1972, the local mass transportation ryrtem for the Racine area reNed 
about 100.6W perrono who lived within onequarter mile of local transit 
liner. A t  the =me tlme,the local mass tranJportationryrtem for the Keno~ha 
area s e ~ e d  about 83.900 perrann who lived within onequarter mile of local 
transit lines. Bath systems are aprated by the municipalities involved. 

Source: SEWRPC 

Air temperatures within the Region are subject to great 
seasonal change and yearly variation as well as diurnal 
variations and t o  a large extent determine many of the 
chemical processes which occur in the lakes and streams 
of the Region. Data for 24 temperature observation 



Map 14 

I 
INTRAREGIONAL MASS TRANSPORTATION SERVICE IN THE MILWAUKEE URBANIZED AREA: MAY 1972 

I In 1972, about 1.04 million persons lived within onequarter mils of local transit liner inths Milwaukee urban area and were served by the Milwauke~ee and Suburban 
Transport Camoration and Wisconlin Coach Lines, Inc. However. aa of July 1, 1975, Milwaukee County has operared the losal transit fvnsrn In Milwaukm CounN. 

Source: SEWRPC. 63 



Figure 12 

TEMPERATURE CHARACTERISTICS AT SELECTED LOCATIONS IN THE REGION 

Source: SEWRPC. 

Table 19 

TEMPERATURE CHARACTERISTICS AT SELECTED LOCATIONS IN THE REGION 

stations in and near southeastern Wisconsin are available 
in Commission files, and data for eight selected tem- 
perature observation stations are presented in Figure 12 
and Table 19. Four of these temperature observation 
stationsport Washimgon, Milwaukee, Racine, and 
Kenosha-are located on the Lake Michigan shoreline, 
and four of these-West Bend, Waukesha, Whitewater, 
and Lake Geneva-are located at least 15  miles inland. 
These data, which encompass periods of record ranging 
from 1940 to March 1977 for the various observation 
stations in the Region, indicate the temporal and spatial 
variations in temperat.ure which may he anticipated 
within the Region. Summer temperatures throughout 
the Region, as reflected by monthly means for July and 
August, range between 6.3'~ and 73OF with northerly 
lake shore locations exhibiting lower monthly mean 
summer temperatures than southerly inland locations. 

Winter temperatures, as reflected by monthly means 
for January and February, range between 1 9 ' ~  to 
2 6 ' ~  for all stations. 

Daily precipitation data are available in the Commission 
files for 25 observation stations in and near the Region. 
Precipitation and snowfall data for eight geogmphically 
representative observation stations in and near the 
Region are shown in F i e  13 and Table 20. The aver- 
age annual total precipitation based on these eight 
observation stations is 31.26 inches expressed as water 
equivalent. Monthly averages range from a February low 
of 1.19 inches to a June high of 3.77 inches. Snow is 
most likely to occur in southeastern Wisconsin during 
the months of December, January, and February and 
average 44.5 inches annually, or  4.46 inches of precipita- 
tion. The percentage of maximum possible sunshine in 



Figure 13 

PRECIPITATION CHARACTERISTICS ATSELECTED LOCATIONS I N  THE REGION 

Source: SEWRPC 

Table 20 



the Region ranges from a low of about 40 percent from 
December through February to a high of 60 percent or 
greater from May through September. 

Ambient Air Quality 
Air quality is not only an important determinant of 
the overall quality of life in -an area, but has important 
direct and indirect effects on water quality. Air generally 
contains some substances in the form of smoke, soot, 
dust, fly ash, fumes, mists, odors, pollens, and spores, 
which-through atmospheric fallout and washout-may 
directly affect surface water quality. Although some 
of the foreign particulate and gaseous matter in air 
is contributed by natural sources, much is contributed by 
man from such activities as land cultivation; heat and 
power generation; industrial processes; transportation 
movements; and waste burning, including incineration 
of waste solids produced by wastewater treatment 
facilities. Urbanization tends to intensify the con- 
tribution of air pollutants from human activities because 
it concentrates the distribution of pollutant sources. 
When the level of pollutants in the air becomes so severe 
as to seriously and adversely affect health and property, 
an air pollution problem exists. Because of the direct and 
indirect linkages involved, air and water quality manage- 
ment programs must be conducted in a coordinated, if 
not integrated, manner. 

Five major pollutants have been identified as having 
significant adverse effects on human health and 
particulate matter, sulfur dioxide, carbon monoxide, 
nitrogen dioxide, and photochemical oxidants. A sixth 
pollutant, hydrocarbons, may under certain atmospheric 
conditions influence the formation of ozone, and con- 
sequently, ambient air quality standards have been estab- 
lished for these compounds. Commission studies indicate 
that national ambient air quality standards, as estab- 
lished by the U. S. Environmental Protection Agency, 
for particulate matter, carbon monoxide, sulfur dioxide, 
and photochemical oxidants are presently exceeded 
or have a potential for being exceeded in the most 
highly urbanized areas of the Region-the central por- 
tions of Milwaukee, Racine, and Kenosha urbanized 
areas. A detailed analyses of historic, current, and antici- 
pated future air quality conditions in the Region, as well 
as recommendations for air pollution control are to be 
set forth in a separately published SEWRPC planning 
report documenting a regional air quality maintenance 
plan for southeastern Wisconsin. 

Air quality monitoring for gaseous pollutants was first 
initiated on a regular basis in the Southeastern Wisconsin 
Region in 1957 as part of the National Air Surveillance 
Network. The initial installation included a high volume 
air sampler located in downtown Milwaukee to collect 
suspended particulate samples on a twice monthly basis 
for analysis and interpretation at the U. S. Public Health 
Service Laboratories. In 1961, this sampler site was 
upgraded to include monitoring for sulfur dioxide and 
nitrogen dioxide, and in 1963, two additional similar 
stations were located above the Police Headquarters in 
the City of Racine and above the Municipal Building 

in the City of Kenosha. In 1967, Milwaukee County 
expanded its ambient air quality monitoring effort by 
securing 10 additional high-volume particulate samplers 
with instrumentation to monitor gaseous pollutant levels 
on a continuous basis. Presently, Milwaukee County 
operates high-volume samplers to measure suspended 
particulates at 16 locations, and uses a mobile van, opera- 
tional since early 1969 and equipped to  measure particu- 
lates, sulfur dioxide, nitrogen dioxide, ozone, carbon 
monoxide, and wind speed and direction, to monitor 
air quality at five sites throughout the county. 

A network of ambient air quality monitoring stations 
has been established within the Region by the Wisconsin 
Department of Natural Resources to provide a con- 
tinuous record of air quality levels. This network consists 
of nine monitoring sites, including seven in Milwaukee 
County, one in the City of Racine, and one in the City of 
Waukesha. Each station continuously monitors the 
presence of particulate matter, sulfur dioxide, carbon 
monoxide, nitrogen dioxide, and ozone. In addition, 
several sites are instrumented to measure methane and 
total hydrocarbons in the atmosphere. Meteorological 
instruments will eventually be located at all of the sites 
to provide important weather data. 

Under the Federal Clean Air Act, the U. S. Environmental 
Protection Agency (EPA) must promulgate minimum 
ambient air quality standards which must be met through- 
out the United States. By 1975, the EPA had issued 
such standards for six pollutants: particulate matter, 
sulfur dioxide, carbon monoxide, nitrogen dioxide, 
photochemical oxidants (ozone), and hydrocarbons. As 
discussed in SEWRPC Planning Report No. 25, A Regional 
Land Use and a Reeional Transwortation Plan for South- - - - - - - - -  ~~ 

eastern Wisconsin-2000, Volume One, Inventory Find- 
-ets of standards are wrovided for - - 
each pollutant: a primary standard, specifying the pollu- 
tant level which should not be exceeded in order to 
protect human health; and a secondary standard, specify- 
ing the pollutant level which should not be exceeded in 
order to protect animal and plant life and property from 
damage, and thereby protect the public welfare from any 
known or anticipated adverse effects of an air pollutant. 

Measured and estimated levels of particulate matter 
within the Region exceeded in 1973 the primary standard 
(75 micrograms per cubic meter) and secondary standard 
(60 micrograms per cubic meter) on an annual average 
basis over very small areas of the Region. These areas 
included the central business district of Milwaukee, the 
Menomonee River Valley industrial area and the adjacent 
intensely urbanized area of Milwaukee County; and the 
intensely urbanized and industrialized areas of eastern 
Racine and Kenosha Counties. On an annual average 
basis, levels of particulate matter as high as 242 micro- 
grams per cubic meter were recorded in the Milwaukee 
area, with maximum daily levels exceeding 700 micro- 
grams per cubic meter. The primary pollutant origins of 
these excessive levels of particulate matter were industrial 
processes, power generation, and space heating. 



The adopted primary standard for sulfur dioxide specifies 
that the level of sulfur dioxide present in the atmosphere 
on the basis of the annual arithmetic mean should not 
exceed 0.03 parts per million, or 80 micrograms per 
cubic meter, and on the basis of the second highest 
24-hour average over a one-year period shall not exceed 
0.14 parts per million, or 365 micrograms per cubic 
meter. Estimated levels of sulfur dioxide within the 
Region in 1970 approached the primary air quality 
standard on an average annual basis in the highly indus- 
trialized Menomonee River Valley of Milwaukee County. 
The primary sources of sulfur dioxide were industrial 
processes, electric power generation, and space heating. 
Because of the limited facilities available to monitor 
ambient air quality within the Region, the currently 
available data and estimates derived from these data 
may not adequately represent the ambient air quality 
impacts of the emissions from the major electric power 
generating plants located in the City of Oak Creek in 
Milwaukee County and in the City of Port Washington in 
Ozaukee County. Consequently, the established standards 
may be exceeded in other areas of the Region as well as 
in the Menomonee Valley area of Milwaukee County. The 
effects of unique meteorological conditions adjacent to 
the shoreline of Lake Michigan, within which the major 
electric power generation plants are located, may further 
aggravate the air pollution problem within the Region. 
On an annual average basis, maximum levels of sulfur 
dioxide approaching 0.04 parts per million have been 
recorded within the Region in and immediately adjacent 
to the highly industrialized Menomonee River Valley 
area of Milwaukee County. The highest value reported 
by the Wisconsin Department of Natural Resources as 
of July 1, 1974, of sulfur dioxide measured during 1973 
in the Southeastern Wisconsin Region was an annual 
arithmetic mean value of 0.02 ppm. 

With respect to carbon monoxide, the adopted primary 
and secondary national air quality standards specify 
that the second highest level of carbon monoxide over 
a one-year period shall not exceed nine parts per million 
(10 micrograms per cubic meter) over an eight-hour 
period, and 35 parts per million (40 micrograms per cubic 
meter) over a one-hour period. Only very limited ambient 
air quality monitoring data are available in the Region 
to support a comparison of the carbon monoxide in the 
ambient air with the specified standards. A review of 
these limited data indicates that during a single eight-hour 
period in 1973, maximum levels of carbon monoxide in 
excess of 10 parts per million (11 micrograms per cubic 
meter) were measured in Milwaukee County. Thus it is 
likely that the specified carbon monoxide standards 
may be exceeded within this portion of the Region. 
The primary sources of carbon monoxide are gasoline 
powered motor vehicles. It is estimated that in the 
Milwaukee area such vehicles account for over 90 percent 
of the carbon monoxide emissions. 

The adopted primary and secondary standards for 
nitrogen dioxide specify that the level of nitrogen dioxide 
in the atmosphere shall not exceed 0.05 parts per million 
(100 micrograms per cubic meter). The primary sources 

of nitrogen dioxide are gasoline powered motor vehicles 
and industrial processes. Because measured nitrogen 
dioxide concentrations within the Region have not been 
exceeded, and because a reduction in automotive emis- 
sions can be expected as federally established emission 
controls are met, pollution from nitrogen dioxide is not 
expected to be a serious problem within the Region. 

As of 1976, the adopted primary and secondary stan- 
dards for photochemical oxidants specified that the level 
of ozone in the atmosphere should not exceed 0.08 parts 
per million averaged over a one-hour period. Average 
hourly levels of ozone as high as 0.29 parts per million 
have been measured in Milwaukee County and as high as 
0.297 parts per million in Racine County in 1974. These 
levels are also in excess of the 1978 proposed revision of 
the primary ozone standard to require 0.10 parts per 
million as an average over a one-hour period, and of the 
secondary standard proposed to remain at 0.08 parts 
per million. Photochemical oxidants result from a com- 
plex series of atmospheric reactions initiated by sunlight. 
When reactive organic substances and oxides pf nitrogen 
accumulate in the atmosphere a@ are expobed to the 
ultraviolet components of sunlight, the formation of new 
compounds, including ozone and peroxyacyl nitrates, 
takes place. A primary source of reactive organic sub- 
stances and oxides of nitrogen are gasoline powered 
motor vehicles, which emit unburned hydrocarbons, 
which in turn form ozone. Another major source of 
substances instrumental in the formation of ozone are 
bulk storage areas for motor fuels and certain com- 
mercial or industrial processes, including certain dry 
cleaning establishments. 

Although the present level of air pollution within the 
Region generally may not be as serious as it is in certain 
other regions of the United States, evidence exists that 
the national ambient air quality standards established by 
the U. S. Environmental Protection Agency for particulate 
matter, sulfur dioxide, and photochemical oxidants are 
presently being exceeded or have the potential for being 
exceeded during the next decade in certain areas of the 
Region. The regional air pollution problem is extremely 
complex, and analysis of point, area, and line source 
emissions and meteorological phenomena is being con- 
ducted in the development of an Air Quality Maintenance 
Plan for the Region in cooperation with the Wisconsin 
Departments of Transportation and Natural Resources, 
and the U. S. Environmental Protection Agency. The 
abatement of air pollution within the Region through 
planning and implementation programs currently under- 
way, especially with respect to particulate matter, should 
assist in improving surface water quality. The fallout and 
washout of particulate matter may contribute significant 
amounts of nutrients, particularly phosphorus, to sur- 
face waters, together with other potentially hazardous 
materials, such as heavy metals and exotic chemicals. 

Air quality both affects and is affected by water quality 
conditions and control actions. As noted above, air 
quality control programs currently address particulate 
matter, sulfur dioxide, carbon monoxide, nitrogen 



dioxide, photochemical oxidants, and hydrocarbons 
which can affect ozone levels. Particulate matter may 
have an effect on water quality as a source of biochemical 
oxygen demand, nitrogen, and phosphorus in natural 
waters. Similarly, nitrogen dioxide can be provided to 
the natural waterways from atmospheric sources. The 
general magnitude of these effects is addressed in the 
analysis of existing water pollution sources in the Region 
as set forth in Chapter V of this volume and is analyzed 
for each individual major lake, as discussed in the alterna- 
tive plans in Chapter IV of Volume Two of this report. 
However, the importance of such sources of water pollu- 
tion for the attainment of water quality objectives was 
found to be of little practical importance except in 
isolated cases. 

Sulfur dioxide as an air contaminant may be expected 
to contribute slightly to the concentration of sulfates in 
surface waters; but based on the Commission water 
quality analyses, including most specifically a 1964 
benchmark study set forth in SEWRPC Technical Report 
No. 4, Water Quality and Flow of Streams in Southeastern 
Wisconsin, sulfates were not found to be present within 
the surface waters of the Region at such levels as to 
impair water use. At the levels presently found in the 
atmosphere in southeastern Wisconsin, carbon monoxide 
would not be expected to adversely affect water quality. 
Hydrocarbons, although critical in the formation of 
photochemical oxidants, have not been found in any of 
the Commission inland lake studies to be an important 
problem in lakes, based on the data obtained to date in 
Commission lake and stream studies. Moreover, any 
hydrocarbon contributions to streams would be expected 
to be overshadowed by the effects of urban storm water 
runoff containing oil and grease derived from street and 
highway surfaces, as well as from parking areas and 
industrial and commercial activities. Ozone, as a con- 
taminant in the air, could in fact be beneficial to water 
quality by providing additional dissolved oxygen to 
support fish and other animal life in the lakes and streams 
of the Region. 

Similarly, the effects of water pollutants and water 
quality control measures upon air quality in the Region 
were deemed to be minimal. One possible source of 
air pollutants might be the incineration of sludges gen- 
erated as a by-product of wastewater treatment. In 
recognition of this potential problem, the sludge manage- 
ment element of the areawide water quality management 
plan as summarized in this report does not contain any 
proposals for new sludge incineration units. Existing 
sludge incineration units in the Cities of Brookfield 
and South Milwaukee are recommended to be main- 
tained, but these were not found to  constitute signifi- 
cant air pollution sources. In this respect, the regional 
air quality maintenance planning program identifies each 
significant point source of air contaminants, including the 
existing sludge incinerators, and evaluates its importance 
in the attainment of the ambient air quality standards. 

The sludge management plan alternatives identified-for 
facilities plan review-the possibility of pyrolysis units for 
the Jones Island or South Shore Sewerage treatment facili- 

ties of the Milwaukee-Metropolitan Sewerage District. 
This alternative was, however, eliminated during the more 
detailed facilities planning analysis prepared by the 
Metropolitan Sewerage District in coordination with the 
areawide water quality management planning process. 

The areawide water quality management plan will recom- 
mend some wastewater management facilities and prac- 
tices which could potentially contribute to the localized 
degradation of air quality in the Region with respect to 
sulfur dioxide and nitrogen dioxide as by-products of 
wastewater treatment or hydrocarbons from the storage 
of fuels for alternate power sources. These effects would 
be modest and the engineering studies, which must 
precede the design and construction of such facilities 
would address these questions in the environmental 
assessments required for such projects. It is anticipated, 
however, that the regional air quality maintenance 
planning program will also evaluate the potential impor- 
tance of this possibility for regional air quality changes. 
It is not expected that any of the facilities discussed in 
this plan will generate carbon monoxide to any signifi- 
cant degree. 

It should be noted that the generation of nitrogen dioxide 
and its release to the atmosphere should be reduced by 
the water quality management plan. The sludge manage- 
ment plan element recommends storing sludge in proper 
facilities during periods of adverse weather for spreading, 
and thereby reducing nitrogen losses associated with 
larger surface residence times. The sludge element also 
recommends incorporating sludge into the land surface 
during application, further reducing atmospheric losses. 
Similarly, the recommendation for storage of livestock 
wastes, during the period of frozen ground and ice cover 
will in fact reduce the losses of nitrogen atmosphere 
and will enhance the value of the wastes for agricul- 
tural reuse. 

Of major importance in the development of a sound 
comprehensive regional plan and the water quality 
management plan element thereof, is the consideration 
of the indirect effects of the recommended actions upon 
regional development and environmental management. It 
is sometimes held that the provision of sanitary sewerage 
service, as well as high-speed all-weather freeway facilities, 
will encourage urban sprawl and an attendant decline in 
air quality. In this regard, and by its regional planning 
strategy, the Commission has sought to minimize the 
indirect effects of the water pollution abatement mea- 
sures, by providing for the accommodation of further 
urban residential development in accordance with three 
fundamental concepts. The first, calls for the accom- 
modation of future development at medium and high 
population densities in areas contiguous to and outward 
from the existing areas served by public water supply, 
centralized sanitary sewerage systems, and other urban 
services. The second concept calls for protection of 
the primary environmental corridors, and the prime 
woodlands, wetlands, and wildlife habitat areas, the 
undeveloped shorelands and floodlands, the organic 
soils, and areas of ground water recharge and discharge 
located in these corridors of the Region, through the 



proper design and location of such urban development 
and through the preservation of the primary environ- 
mental corridors in essentially natural open uses. Finally, 
the Commission comprehensive planning programs are 
based on the principle that prime agricultural lands 
should be preserved from urban development wherever 
possible. Based on the land use plan underlying the 
development of the areawide water quality management 
plan, and application of that land use plan in the develop- 
ment of the air quality maintenance plan, it is intended 
that the indirect effects of urban development and of 
water quality management measures upon air quality 
be considered both implicitly and explicitly. 

Physiography 
The Southeastern Wisconsin Planning Region is located in 
the upper midwest between Lake Michigan on the east, 
the Green Bay-Lake Winnebago lowlands on the north, 
the Rock River basin on the west, and the low dunes 
swampland at the headwaters of the Illinois River on the 
south. The sevencounty planning Region extends for 
approximately 52 miles from east to  west at its widest 
extent and approximately 72 miles from north to  south. 
The Region encompasses approximately 2,621 square 
miles of land area and 68 square miles of inland water 
area exclusive of Lake Michigan, or a total gross land 
and water area of approximately 2,689 square miles, or 
1,720,000 acres. Topographic elevations range from 
approximately 580 feet above mean sea level at the 
Lake Michigan shore to  about 1,320 feet above mean sea 
level at Holy Hill in southwestern Washington County. 
The Region lies astride a major subcontinental divide 
between the upper Mississippi River and the Great Lakes- 
St. Lawrence River drainage basins. Glaciation has largely 
determined the physiography and topography as well as 
the soils of this part of the State. There is evidence of 
four major stages of glaciation in the Region. The last and 
most influential in terms of present physiography and 
topography was the Wisconsin Stage which is believed 
to have ended about 11,000 years ago. The major physio- 
graphic features or superficial land forms of southeastern 
Wisconsin resulting from this glaciation are shown on 
Map 15. Variations in topographic elevations within the 
Region are shown in generalized form on Map 16. 

One of the dominant physiographic and topographic fea- 
tures of the Region is the Kettle Moraine. An interlobate 
glacial deposit or moraine formed between the Green Bay 
and Lake Michigan tongues or lobes of the continental 
glacier which moved in a generally southerly direction 
from its point of origin in what is now Canada. Topog- 
raphically high points in the Kettle Moraine include areas 
around Lake Geneva in Walworth County; areas in south- 
western Waukesha County north of Eagle; areas in central 
Waukesha County around Lapham Peak, and areas around 
Holy Hill in Hartford in southwestern and western Wash- 
ington County. The Kettle Moraine, which is oriented 
in a general northeast-southwest direction across western 
Washington, Waukesha, and Walworth Counties, is a com- 
plex system of kames or crudely stratified conical hills 
and kettle holes marking the site of glacial ice blocks that 
became separated from the ice mass and melted to form 
depressions; and eskers consisting of long narrow ridges 

of drift deposited in the drainageways formed within the 
glacial mass. The Kettle Moraine forms some of the most 
attractive and interesting landscapes within the Region, 
as well as providing the areas of highest elevation and 
relief within the Region. The Kettle Moraine of Wisconsin, 
much of which is within the Region, is considered one of 
the finest examples of glacial interlobate moraine in the 
world. Because of its still predominantly rural character 
and its exceptional natural beauty, the Kettle Moraine 
and the surrounding area is subject to increasing urban 
development pressure. 

The remainder of the Region is covered by a variety of 
glacial land forms and features including kames, ground 
moraine or heterogeneous material deposited beneath the 
ice, recessional moraines consisting of material deposited 
at the forward margins of the ice sheet, the lacustrine 
basins or former lake sites, outwash plains formed by 
action of flowing glacial meltwater, eskers or elongated 
meandering ridges of rudely stratified water laid sand and 
gravel deposits, and drumlins or elongated mounds of 
drift molded by and parallel to the advancing glacier. 

Glacial land forms are of economic significance because 
they determine the surface water drainage configuration 
and limit the land uses which may occur, and some are 
prime sources of sand and gravel for highway and other 
construction purposes. Many of the larger topographic 
depressions of the Region, including the kettle holes 
that have developed into the numerous lakes which 
dot large areas of western Washington, Waukesha, and 
Walworth Counties, are becoming increasingly popular 
both as recreation areas and as focal points for residen- 
tial development. 

The surface drainage of the Planning Region is poorly 
developed but highly diverse due to  the effects of the 
relatively recent glaciation. The land surface is complex 
as a result of being covered by glacial drift containing 
thousands of closed depressions that range in size from 
mere pits to  large areas. Significant areas of the Region 
are covered by wetlands, and many streams are mere 
threads of water through these wetlands. The twelve 
major watersheds of southeastern Wisconsin as well as 
their subwatersheds are depicted on Map 17 along with 
the surface drainage pattern of the major perennial 
stream systems. 

A major subcontinental divide oriented in a generally 
northwesterly-southeasterly direction divides the Region 
such that about 1,685 square miles, or 63 percent of the 
Region lying west of the divide, drain to  the Mississippi 
River while the remaining 1,004 square miles, or 37 per- 
cent, are tributary to the Great Lakes-St. Lawrence River 
drainage basin. The subcontinental divide not only exerts 
a major physical influence on the gross drainage pattern 
of the Region, but carries with it certain legal constraints 
on the diversion of water across the divide and thereby 
constitutes an important consideration in developing 
an areawide water quality management plan. 

The surface water drainage pattern of southeastern 
Wisconsin may be, as indicated above, further subdivided 



Physiographic features, or surficial lend farms, throughout routhearfern Wis~onsin were defermined largely by repeated stages of glaciation, the lapt o f  which, the 
Wisconsin stage. is believed to hsve ended about 10.000 years ago. Included i n  the great variefy o f  interesting and attractive glacial land forms covering the Region 
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of the continental glacier. 
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The toPographv. or relative elevation of the land lvrtsce throughout the Region, is determined bv the configuration of the bedrockgeology in combination with 
Weriving glacial deposits. Elevations within mutheastern Wisconsin range from a low of about 580 feet above mean sea level IMSLI on the Lake Michigan rhore t o  
a high of 1,320 feet MSL a t  Holv Hl l i  in muthwertern Washington County. Topogra~hic highs and some of the mo9t attraerive landraper and scsnievirtar in the 
Region are coincident with the interlobats Kettle Moraine area i n  the western portion of the Region. 
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so as to identify 12 major watersheds. Five of these 
major watersheds-the Root River, Menomonee River, 
Kinnickinnic River, Oak Creek, and Pike River water- 
shedsare wholly contained within the Region. The 
drainage in the Region tends to exhibit a disordered 
dendritic pattern except for a small area of trellised or 
rectilinear drainage evident in the Des Plaines River 
watershed and in the Racine County portion of the 
Root River watershed. The Fox River watershed and the 
headwaters of the Rock River and Des Plaines River 
watersheds drain to the south and southwest toward 
their confluence with the Illinois River, a tributary of 
the Mississippi River. The remainder of the Region 
generally drains in an easterly direction toward Lake 
Michigan by way of the Milwaukee River, Menomonee 
River, Root River, and other drainages. 

Geology 
Bedrock: The bedrock formations underlying the uncon- 
solidated surficial deposits of southeastern Wisconsin 
consist of Cambrian through Devonian period rocks of 
the Paleozoic era that attain a thickness in excess of 
1,500 feet along the eastern limits of the Region, which 

are in turn underlain by older, predominantly cryswme 
rocks of the Precambrian era. The bedrock geology of 
the Region is shown in Figure 14 by means of a map of 
the swface of the bedrock supplemented with a repre- 
sentative vertical section. 

A stratigraphic column including a description of the 
lithologic characteristics of bedrock formations beginning 
with those dating back to the Ordovician period and of 
glacial deposits is presented in Table 21. Bedrock forma- 
tions in the Region dip gently down toward the east at 
an average slope of about 20 feet per mile, with the result 
that the bedrock lying immediately beneath the uncon- 
solidated surficial deposits in the western extremities of 
the Region includes older rocks of the Ordovician period, 
whereas in the east along Lake Michigan younger rocks 
of the Silurian and Devonian periods lie immediately 
beneath the surficial deposits. 

Surficial Deposits: The bedrock of the Region is, for 
the most part, covered by deep, unconsolidated glacial 
deposits, attaining a thickness in excess of 500 feet in 
some buried preglacial valleys. Bedrock lies within 20 feet 

Figure 14 
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Table 21 

STRATIGRAPHIC COLUMN OF BEDROCK AND GLACIAL DEPOSITS IN  THE REGION 

Source: SEWRPC. 

System 

Quaternary 

Devonian 

Silurian 

Ordovician 

of the ground surface within areas of the Region which 
together total only about 150 square miles in extent, and 
a few localized areas exist where the bedrock is actually 
exposed at the surface. These shallow drift areas and 
rock outcrops tend to occur in Washington and Waukesha 
Counties along a northeasterly-southwesterly alignment 
generally paralleling the interlobate Kettle Moraine, and 
reflect the presence of a preglacial ridge. Map 18 depicts 
the spatial variation of the thickness of surficial deposits 
overlying the bedrock that may be generally expected 
within the Region. 

Mineral and Organic Resources 
Sand and gravel, dolomite building stone, and organic 
material are the three principal mineral and organic 
resources in the Region that have significant commercial 
value as a result of their quantity, quality, and location. 

Series 

Middle Erian 

Cayugan 

Niagaran 

Alexandrian 

Cincinnatian 

Champlainian 

The commercial utilization of the Region's mineral 
resources, which is limited to the mining of nonmetal 
deposit., is primarily directed toward supplying the 
construction materials needed for the continuing develop- 
ment of southeastern Wisconsin. The Region as a whole 
has an abundant supply of sand and gravel deposits as 
a result of its glacial history, with the highest quality 
deposits being found in glacial outwash areas, particularly 
near the interlobate Kettle Moraine, where the washing 
action of flowing meltwaters has sorted the unconsoli- 

Formation 

Recent Deposits 

Pleistocene Deposits 

Kenwood 

Milwaukee 

Thiensville 

Lake Church 

Waubakee 

Racine 

Manistique 

Burnt Bluff 

Mayville 

Meda 

Maquoketa 

Salena 

dated material so as to form more or less homogeneous 
and, therefore, commercially attractive deposits. 

Lithologic Description 

Soils, muck, peat, alluvium, beach sand, and gravel. 0 to  5 feet thick. 

Till and outwash sand and gravel. 0 to 430 feet thick. 

Shale, black, carbonaceous. Fossiliferous. No outcrops. Found in City of 
Milwaukee intake tunnel-Lake Michigan. Approximately 55 feet thick. 

Shale, shaly limestone; lower 113 dolomite. Fossiliferous. Approximately 
130 feet thick. 

Dolomite, thick to thin-bedded. Some fossils. Small amounts of bitumen. 
Approximately 65 feet thick. 

Dolomite, thick to thin-bedded. Fossiliferous. Pyritic in places. Approximately 
27 feet thick. 

Dolomite, thin-bedded, hard and brittle. Fossils scarce. Approximately 30 feet 

thick. 

Dolomite, fine to coarsely crystalline. Thick- to  thin-bedded. Barren to 

fossiliferous. Approximately 100 feet thick. 

Dolomite-lower part thin-bedded. Fossils. Upper-fairly thin-bedded, cherty. 
Many corals. Approximately 150 feet thick. 

Dolomite, thick-bedded or thin-bedded. Lower part, a few fossils. Upper part, 
semilithographic. No fossils. Approximately 110 feet thick. 

Dolomite, thick-bedded, compact to coarsely crystalline. Brecciated in places, 
cherty, many reef structures. Approximately 175 feet thick. 

Red-brown oolitic iron ore and nonoolitic ore. Missing in Racine, Milwaukee, 
Ozaukee, Door, and Dodge Counties. In lenses up to approximately 
55 feet thick. 

Shale, dolomitic and beds of dolomite. Fossiliferous. 90 to 225 feet thick. 

Dolomite, thick- to  thin-bedded, fine to coarsely crystalline. Cherty. 
Shaly and sandv in places; some fossils. Approximately 227 feet thick. 

Sand and Gravel Stone Quarries: Deposits of sand and 
gravel are, as shown on Map 19, scattered throughout the 
Region. The greatest concentration of commercial strip- 
mining activity, however, occurs in Waukesha County 



Map 18 

THICKNESS OF GLACIAL DEPOSITS 
AND THE LOCATION OF BEDROCK 

OUTCROPS IN THE REGION 

L E G E N D  

a -"- 
m To 20 FEET 

m 20 X, loo FEET 

m loo To FEET 

m 
I 3W 400FEET 

+0° 5W FEET 

u OREATER THW - FEET 

Mart of the Region is covered by unconsolidated glacial drift deposited by continental glscisn. Thie drift aminr a thickness in excepr of 500 feet in some preglacial 
valleys. Dolomitic bedrak lies within 20 feet of the surface or i s  actually expored as outcrops in areas tofaling about 150 rquare miles. The northeasterly- 
routhwsamrly alignment of the rock outcrop site$ indicates the presence of a buried pre~lacial bedrock ridge which i a  an important conrideration in Planning far and 
conmuction of reptic tank wlmms, public sewerage ryltemr, and other public works projectr that involve extensive trenching and excavation. 

Soume: T. 0. Fri2, Man and the Moteri~II of Bnrtrocrion, How They lnter~late in the Seven Counties of Southemtern Winonsin, Ph.0. Dissenation, UnivemlN 
of Wisconsin, Madison, Wsconsin, 7969. 

75 



An abundant sup~ ly  of sand and gravel deposits am scattered throughout southeastern Wisconsin, with the higherr quality sources being found In glacial outwarh 
areas where flowing melt waters tendad to port the sand and gravel ao sr to form mare orless homapeneous, and therefore sommerciaiiy attractive, deposits. Sand 
and'grwei depo(ii*. which am commercially mined by strip-mining techniques, constitute a very important raw material for construction and certain indumial 
actlvitiea in the Region in that mey provide concrete amregate. gravel for road rubgrades and surfacing, sand for mortar, and molding rand. Convermly, them 
strlp-mining actlvitiel are industrial in nature and may caum mi l  particles to be available for tranwort by significant amounts of pmipitstion runoff and by 
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because sand and gravel in that area has the most favor- 
able quantity and quality characteristics. Sand and gravel 
deposits are important sources of concrete aggregate, 
gravel for road subgrade and surfacing, sand for mortar, 
and molding sand. Depending on the nature of the 
deposits, particularly their depth and areal extent, the 
grain size of the particles, and the depth to the water 
table, sand and gravel deposits may seriously hamper 
tunneling, trenching, and excavation work, and, there- 
fore, detailed field investigations should be conducted in 
areas of known or expected deposits prior to initiation 
of sanitary sewerage system construction. 

Niagara dolomite, which lies immediately below the 
glacial deposits throughout most of the Region (see 
Figure 14), has commercial value where it is found rela- 
tively close to the ground surface, both as a dimensional 
building stone and, when crushed, as an aggregate for 
construction or as a fertilizer for agricultural purposes. 
The dolomite is mined in open quarries, and all the 
regional commercial operations that produce stone for 
building purposes are located in Waukesha County, 
where they are concentrated in rock outcrop areas 
(see Map 18) in the northeastern portion of the county. 
Waukesha County quarries yield thinly bedded, compact, 
and fine-grained dolomite well suited for the mining and 
production of dimensional building stone. The high- 
quality dimensional building stone commercially mined 
and produced in Waukesha County is commonly known 
or referred to as limestone-that is, primarily calcium 
carbonate-or lannon stone, although it is, in fact, 
dolomite-that is, primarily calcium magnesium car- 
bonate. Crushed limestone is produced not only in 
Waukesha County but also at other quarries located 
throughout the Region. The presence of quarrying 
operations in an area indicates relatively thin glacial 
deposits and close proximity of bedrock to the ground 
surface and is, therefore, an important consideration in 
the planning and execution of construction projects, 
such as sanitary sewerage systems, that entail extensive 
tunneling, trenching, and excavation. 

Organic Deposits: Organic deposits are widely distributed 
throughout southeastern Wisconsin in small, scattered. 
low-lying, poorly drained areas. At these locations, 
excessive moisture inhibits oxidation and decay of the 
residues of water-tolerant plants, thus producing organic 
peat deposits and muck soils with significant resulting 
fertilization potential. These organic deposits overlay the 
glacial drift of the Region and exhibit variable depths 
ranging from less than a foot to many feet. 

Organic deposits have environmental value, often cover- 
ing areas suitable for certain kinds of wildlife habitat 
and recreation areas, and have commercial value in their 
ability to  support field crops such as corn or soybeans, 
specialized crops such as vegetables, and sod farming 
and peat mining. Sod and peat are excavated from 
open pits and marketed as additives to improve soils 
for potted plants, gardens, and greenhouse nurseries. 
Agricultural use of organic deposits is contingent upon 
sufficient depth so that artificial drainage can be devel- 

Organic deposits generally serve to identify those areas 
of southeastern Wisconsin that are least suited for exten- 
sive urbanization and attendant major construction 
activity. The presence of organic deposits may constitute 
a serious problem for the development of onsite sewage 
disposal systems, primarily because of the inherent 
moisture problem and resultant poor drainage char- 
acteristics. Such deposits may also prevent or complicate 
the construction of sanitary sewerage systems because of 
the difficulty of operating heaving equipment on, and of 
work with, organic deposits; because of the poor founda- 
tion characteristics of such deposits; and because of the 
potential infiltration problems through sewer pipe joints, 
attributable to the high moisture content of such deposits. 

Soils - 
The nature of soils within southeastern Wisconsin has 
been determined primarily by the interaction of the 
parent glacial deposits covering the Region and by 
topography, climate, plants, animals, and time. Within 
each soil profile the effects of these soil-forming factors 
are reflected in the transformation of soil components 
by leaching or by physical removal by wind or water 
erosion, by additions through chemical precipitation or 
through physical deposition, and by transfer of some soil 
components from one part of the soil profile to another. 

Soil Diversity and the Regional Soil Survey: Soil-forming 
factors, particularly topography and the nature of the 
parent glacial materials, exhibit wide spatial variations in 
southeastern Wisconsin; therefore, hundreds of different 
soil types have developed within the Region. In order to 
assess the significance of these unusually diverse soil 
types to sound regional development, the Commission 
in 1963 negotiated a cooperative agreement with the 
U. S. Soil Conservation Service under which detailed 
operational soil surveys were completed for the entire 
planning Region. The results of the soil surveys have 
been published in SEWRPC Planning Report No. 8, Soils 
of Southeastern Wisconsin. The regional soil surveyshave 
resulted in the mapping of the soils within the Region in 
great detail. At the same time, the surveys have provided 
data on the physical, chemical, and biological properties 
of the soils, and have provided interpretations of the soil 
properties for planning, engineering, agricultural, and 
resource conservation purposes. Any generalization of the 
findings of the detailed agricultural soil surveys can be 
meaningful only in light of a full understanding of the 
complexity of the soil relationships in the Region and 
of the fact that such a generalization, while useful to 
a broad identification of general areawide development 
problems relating to  soils, cannot be used in plan prepara- 
tion and implementation. 

Generalized Soil Suitability Interpretations: Map 20 
shows, in very generalized form, the major soil relation- 
ships existing within the Region, based upon seven 
broad suitability associations. The soils designated on 
this map as Group "A," which cover about 29 percent 
of the Region, are generally well suited for both agricul- 
tural use and urban development. These soils are not 
only productive as cropland, but have good drainage 
and foundation characteristics for all types of urban oped and maintained. 
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development. This soils group occurs generally in a belt 
lying between the present westerly limits of intensive 
urban development and the easterly limits of the Kettle 
Moraine. It is interesting to note that this broad soils 
group does not occur at all in Milwaukee County and 
occurs to only a limited extent in Ozaukee, Kenosha, and 
Racine Counties. 

The soils designated as Group "By' generally have a sandy- 
gravelly subsurface and are well suited to  both agricultural 
use and urban development with septic tank sewage 
disposal systems. Approximately 14 percent of the 
Region is covered by this general soils group, which 
occurs in the Kettle Moraine and the Recessional Moraine 
areas of the Region and to a limited extent along the 
Lake Michigan shore. 

The soils designated as Group "C" are fair to poorly 
suited for agricultural use. Their suitability for urban 
development is limited by characteristically steep slopes. 
These soils are suited for very large lot residential devel- 
opment which does not disturb the natural topogrpahy. 
Approximately 8 percent of the Region is covered by this 
soils group, which is prevalent in the Kettle Moraine and 
the Recessional Moraine areas of the Region. 

The soils designated as Group "D" are generally well 
suited for agricultural use but generally unsuited for 
urban development requiring the use of onsite septic 
tank sewage disposal systems. Urban development on 
these soils generally requires a high level of municipal 
improvements and careful attention to stormwater 
drainage. Nearly 31 percent of the Region is covered by 
this general soils group, which occurs primarily between 
the Lake Michigan shore and the westerly limits of 
present urban development. Much of the existing urban 
development in the Region has occurred on the soils in 
this group. 

The soils designated as Group "E" are generally not well 
suited for either cropland or urban development. Bedrock 
normally occurs within four feet of the surface, and 
bedrock outcrops are common. Good gravel and rock 
deposits, which are suitable for commercial development, 
occur in this group. Approximately 1 percent of the 
Region is covered by this group, which occurs primarily 
in isolated pockets throughout the Region. 

The soils designated as Group "F" are generally poorly 
drained, have a high water table, and are interspersed with 
areas of peat, muck, and other organic soils. Approxi- 
mately 11 percent of the Region is covered by this group, 
which generally occurs along streams and watercourses of 
the Region; and for this reason the soils in this group are 
commonly subject to flooding. These characteristics 
generally preclude their use for nearly all forms of 
development except limited agricultural, wetland, forest, 
wildlife conservation, and recreational use. 

The soils designated as Group "G" are peat and muck 
soils generally unsuited for urban development of any 
kind. These areas, when left in a natural state, are ideally 
suited for wildlife habitat and, if properly drained, are 

suitable for certain types of agricultural use. Approxi- 
mately 6 percent of the Region is covered by this soils 
group, which occurs in scattered corridors and pockets 
throughout the Region. 

It is important to note that, irrespective of the generalized 
groupings described above, analysis of the detailed soil 
survey data to  date indicates that soils having question- 
able characteristics for onsite sewage disposal are wide- 
spread throughout the Region. Approximately 40 percent 
of the estimated 125 soils series6 occurring within the 
Region have been found to  be troublesome in this respect. 
Urban development undertaken in disregard of these 
soil conditions has actually created severe environmental 
problems within the Region, with the result that state 
health authorities have placed restrictions on the develop- 
ment of new subdivision plats in certain areas of the 
Region and have issued orders for the installation of 
public sanitary sewer facilities in other areas originally 
developed with onsite soil absorption sewage disposal 
systems. It should also be noted that soils poorly suited 
or unsuited for urban development, even if served by 
a public sewer, are also widespread throughout the 
Region. These include generally wet soils which either 
have a high water table or a high water holding capacity, 
or are poorly drained. Urban development on these 
soil types is expensive to  construct initially and expen- 
sive to maintain. Again, it should be stressed that the 
widespread occurrence of soils having questionable 
characteristics for certain types of urban development, 
coupled with the highly complex soil relationships, 
indicates the need for basing regional and local develop- 
ment plans on the results of the detailed soil surveys 
rather than on any generalized soils data. 

Detailed Soil Suitability Interpretations: Particularly 
important to water quality management and related 
sanitary sewerage system &e the soil suitability 
interpretations for specified types of urban development. 
These are: residential development with public sanitary 
sewer service, residential development without public 
sanitary sewer service on lots smaller than one acre in 
size, and residential development without public sanitary 
sewer service on lots one acre or larger in size. Some of 
the more important considerations in determining soil 
suitability for urban development include depth to 
bedrock, depth of water table, likelihood of flooding, 
soil permeability, and slope. 

On the basis of the detailed soil surveys, it is evident 
that much of the Southeastern Wisconsin Region exhibits 
severe or very severe limitations for specific types of 
urban development. As illustrated by Map 21, approxi- 
mately 716 square miles, or about 27 percent of the area 
of the Region, are covered by soils which are poorly 
suited for residential development with public sanitary 

6~ soil series is defined as a group of soils developed 
from a common parent material and having horizons with 
similar characteristics, except fd the texture of the 
surface soil. 
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sewer service, or stated differently, poorly suited for 
residential development of any kind. Approximately 
1,637 square miles, or about 61 percent of the area of 
the Region, are, as shown on Map 22, covered by soils 
which are poorly suited for residential development 
without public sanitary sewer service on lots smaller 
than one acre in size. As illustrated by Map 23, approxi- 
mately 1,181 square miles, or about 44 percent of the 
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. I t  should be 
noted that the use suitability ratings on which these 
maps are based are empirical, being based upon the 
performance of similar soils elsewhere for the specified 
uses as well as upon such physically observed conditions 
as high water table, slow permeability, high shrink-swell 
potential, low bearing capacity, frost heave, and frequent 
flood overflow. Figure 15 summarizes the soil suitability 
situation within the Region with respect to the construc- 
tion of sanitary sewerage systems and the use of onsite 
sewage disposal systems. 

It is useful t o  interpret the soil suitability data presented 
in Figure 15 in light of the Commission's new year 2000 
regional land use plan. Whereas urban land uses in 1970 
encompassed about 512 square miles, or 15 percent of 
the total area of the Region, the year 2000 plan would 
accommodate forecast increases in urban population by 
converting an additional 113 square miles of rural land 
to urban land use, with that incremental urban develop- 
ment occurring primarily in compact, concentric rings 

around existing urban centers. Most of the incremental 
113 square miles of urban development are, pursuant 
t o  the regional land use development objectives upon 
which the regional land use plan is based, to be served by 
sanitary sewers. Figure 15 indicates that soil conditions 
should not inhibit such planned urban development, since 
about 1,973 square miles, or about 73 percent of the area 
of the Region, are covered by soils suitable for urban use 
with sanitary sewers. Even if all of the present 512 square 
miles of urban development were conservatively assumed 
to lie within that 73 percent of the sevencounty Region, 
it is apparent that more than a sufficient amount of land 
with favorable soil conditions is available to accom- 
modate forecast urban expansion to the year 2000. 

Approximately 754 square miles, or about 27 percent 
of the area of the Region, are classified in the year 
2000 plan as prime agricultural land. The extent and 
spatial distribution of these areas are shown on Map 24. 
It is important to note that the delineation of these 
prime agricultural lands is based upon the identification 
of lands which are covered by the most productive soils; 
the size and extent of the areas farmed; the historic 
capability of the area to consistently produce better 
than average crop yields; and the amount of capital 
invested in farm improvements such as drainage and 
irrigation systems. 

Suitabilitv of Sorls for Sludge Application: The suitability 
of soils for application of sewage sludge at accepwble 
application rates is highly site specific, being dependent 

Figure 15 

SUMMARY OF SOIL SUITABILITY RATINGS WITH RESPECT TO SEWERAGE SYSTEMS IN  THE REGION 

, 

L E G E N D  
SEVERE LIMITATIONS FOR THE C O N I T I Y C T O N  
OF SANITARY SEWEBJ (716 SOUARE MILES 
OR 26.8 PERCENT OF TNE eEsION, 
RESIOENTIAL I i  

E X *  COMPLETE ClRCLE REP-ESENTS THE 
TOTAL Was SOUARE MILE A R E A  OF THE 
SOUTHEASTEW WISCONSIN REOlON 

- 9  PERCENT OF THE REDlON 
RESIDENTIAL TI, 

Source: SEWRPC, 



Map 22 

SUITABILITY OF SOILS IN THE REGlO 
FOR SMALL LOT RESIDENTIAL 

DEVELOPMENT WITHOUT PUBLIC 
SANITARY SEWER SERVICE i 

LEGEND 

AREAS COVERED BY SOILS HAWNCI 
SEVERE OR V E R l  SEVERE LIMITATIONS 
FOR RESIOENTI&L DEVELOPMENT WITH 
SEPTIC TANK SEWAIIE DISPOSAL ON 
LOTS LESS THAN ONE ACRE IN SlZE 

A v ~ r ~ x i m t e l y  1.637 square miles, or about 61 percent of the area of the Ragion, are cwered by soils poorly suited for residential development on loa havlngan 
area m l l e r  than one acre and not rewed by public sanitary sewrage faclllties. Reliance on septic tank sewage d i rpw l  ryrtemr in there *rear, whish are covered by 
reiativsiv imPerviour soils or are rubiect to rsaronallv high wamr tables, can only rawlt in ewnNal malfunctioning of rush wstemr a d  the consequent intensiflea. 
tion of wamr pollution and public health problems in the Region. 

Source: U. S. Soil Conservstion SBrv1.m and SEWRPC, 



on sludge characteristics, the chemical characteristics of 
the soil, slope, and soil permeability, and on location 
with respect to groundwater, location with respect to 
surface water, and location with respect to bedrock. 
Map 25 presents the areas of the Region which are 
covered by soils poorly suited for the application of 
sewage sludge. In general, thin soils over bedrock, soils 
with higher water tables, and low pH soils are poorly 
suited for sludge applications. 

On the basis of the detailed soil surveys, interpretive 
mapping prepared by the Commission indicates that 
approximately 588 square miles, or about 22 percent 
of the area of the Region, are severely limited; 868 square 
miles, or about 32 percent of area of the Region, are 
moderately limited; 944 square miles, or about 35 per- 
cent of the area of the Region, are slightly limited; and 
about 290 square miles, or about 11 percent of the area 
of the Region, consist of m a e  land, such as landfills, 
urban land, or water which would have to be analyzed on 
a case-bycase basis. 

Vegetation " 
Presettlement Vegetation: Prior to the arrival of European 
settlers, the vegetation of the Region was influenced by 
climate, disease, glacial deposits, soil, fire, topography, 
and natural drainage characteristics. Historical records, 
including the original U. S, Public Land Survey carried 
out within the Region in 1836, indicate that frequent 
fires set by the Indians or initiated by natural causes 
maintained large portions of southeastern Wisconsin 
either as open level plains containing orchard-like stands 
of burr oak-known as oak o p e n i n g s ~ r  as prairies domi- 
nated by grasses such as big bluestem and by colorful 
prairie forbs. Other portions of the Region that were 
protected from fire by the drainage pattern or local relief 
developed into deciduous hardwood forests. The upland 
vegetation of the Region was predominantly a medium 
wet, or mesic, forest composed of a variety of upland 
deciduous hardwoods such as maple, beech, basswood, 
ironwood, and slippery elm. Wetter conditions prevailed 
in floodlands, old glacial lake beds, and other poorly 
drained low areas. Tamarack, black ash, willow, and 
shrubs dominated the wetter areas, while silver maple 
and American elm grew in seasonally flooded sites. 
Depending on the susceptibility of certain wetlands to 
fire, portions of them may have been maintained as 
shallow marshes or sedge meadows dominated by cattails, 
sedges, and grasses. 

Woodlands: Woodlands in the Region have both economic 
and ecologic value, and with proper management can 
serve a variety of uses which provide multiple benefits. 
The quality of life within an area is greatly influenced 
by the overall condition of the environment as measured 
by clean air, clean water, scenic beauty, and ecological 
diversity. Primarily located on ridges and slopes, along 
lakes and streams, and in wetlands, woodlands provide an 
attractive natural resource of immeasurable value. Not 
only is the beauty of the lakes, streams, and glacial land 
forms of the Region accentuated by woodlands, but 
woodlands are essential to maintain the overall quality 
of the environment. In addition to  contributing to clean 

air and water, the maintenance of woodlands within the 
Region can contribute to the parallel maintenance of 
a diversity of plant and animal life in association with 
human life. The existing woodlands of the Region, which 
required a century or more to  develop, can be destroyed 
through mismanagement, within a comparatively short 
time. Deforestation of hillsides contributes to the silta- 
tion of lakes and streams and the destruction of wildlife 
habitat. Woodlands can and should be maihtained for 
their total values-scenic, wildlife, educational, recrea- 
tional, and watershed protection--as well as for their 
forest products. Under balanced use and sustained 
yield management, woodlands can serve many of these 
benefits simultaneously. 

Six forest types are recognized within the Region: 
northern upland hardwoods, southern upland hardwoods, 
northern lowland hardwoods, southern lowland hard- 
woods, northern lowland conifers, and northern upland 
conifers. The northern and southern upland hardwood 
types are the most common in the Region. The two 
upland hardwood types are most utilized for production 
of commercial forest products. 

Inventories of woodlands within the Southeastern Wis- 
consin Region were conducted by the Commission in 
1963 and 1970. As indicated in Table 22 and on Maps 26 
and 27, woodlands in the Region in 1970 covered a total 
combined area of about 125,300 acres, or approximately 
7 percent of the total area of the Region, with more than 
91,700 acres, or 73 percent, located in Walworth, Wash- 
ington, and Waukesha Counties. Milwaukee County, with 
about 3,200 acres of woodlands, had the smallest amount 
of any county in the Region. 

Woodlands in the Region in 1963 covered a combined 
area of about 130,400 acres. Between 1963 and 1970, 
losses of woodlands were incurred in certain areas of the 
Region, due largely to the conversion of woodlands to 
intensive urban and agricultural land uses. Some of these 
losses were offset in other areas of the Region as a result 
of reforestation activities. The overall effect of these 
changes in woodlands between 1963 and 1970 was a net 
loss of about 5,100 acres of woodlands, representing 
a 4 percent decrease in the total amount of woodlands 
since 1963. 

Wetlands : Water and wetland areas probably .provide 
the singularly most important landscape feature within 
the Region, and can serve to enhance all proximate 
uses. Their contribution to resource conservation and 
recreation within the Region is immeasurable, and 
they contribute both directly and indirectly to the 
regional economy. Recognizing the many environmental 
attributes of wetland areas, continued efforts should be 
made to protect this resource by discouraging costly- 
both in monetary and environmental terms-wetland 
draining, filling, and urbanization. 

Wetlands represent a variety of stages in the natural 
filling of lake and pond basins as well as floodplain 
areas. Wetlands are considered herein as areas in which 
the water table is at or near the land surface. Such areas 



Map 23 
I------- 

SUITABILITY OF SOILS I N  THE REGION 
FOR LARGE LOT RESIDENTIAL DEVELOPMENT 
WITHOUT PUBLIC SANITARY SEWER SERVICE 

Suitabilitv Assuming Conventional Septic Tank System I 
r 

LEGEND 

AREAS COVERED BY SOILS H-tPYINO 
SEVERE OR VERY SEVERE LIMITATIONS 
FOR RESIDENTIAL DEVELOPMENT WITH 
SEPTIC TANK SEWAGE DISPOSAL ON 
LOTS ONE ACRE OR MORE IN SIZE 

APProximateiv 1,181 square miles. or about 44 percent d th@ ares of the Reglon,ars cowred by roilr poorly suited for residential develwment w lots having an 
area of O W  acre or more and not rervsd by public sanitew sewerage fadlitial. The inherent limitations of there soils for septic tank w a g e  dirpoaal rynemr cannot 
be overcome simply by the Prwirion of l a w r  lots. and the ure of wch synsmr on there roils which cannot abaorb the s w a p  effluent. ultimmeiy rsruiu in surface 
pending ahd runoff of partially treated warns into nearby wsterwurtes. 

Sourcs: SEWRPC. 
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Map 23 (continued) 

Suitability Assuming Nonconventional 
"Package" Septic Tank System 

The above map identifies thme areas of the Region which, while naturally unsuited for residential development with maite soil absorption septic tank rewage 
dirporal synem. on l a m  lo-, could evsntually be subject to rueh development ~puming widespread urs of the new "'packa68'' reptis tank swage dirpmal 
rymsrnr. Thmugh the eonrnuetion of artificial mounds and the utilization of mechanical dosing, me new ryrtems overcome natural soil limitations relative to 
impermeability, high groundwater, and shallow bedrock. There additional ares amount to a~ronimately 466 square miles, w about 17 Percent of area in 

the Region. Utilization of the new mound systems would require at lean a one.acra parcel for a typical single-family h m .  

Source: SEWRPC. 
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Map 24 

PRIME AGRICULTURAL AREAS 
IN THE REGION 

YEAR 2000 PLAN 

About 754 square miles, or nearly 28 Persent of the area of the Region, have 
been identifled in regional planning analyses for the year 2000 as prime 
agriculturai lands. The preservation Of these lands in agricultural "88 will 
contribute significantly to the maintenance d a healthy esoiwicai balance 
within the Region; provide for the production of certain foodeommoditier 
within close proximity to the urban mnterl of the Region; provide own 
soace to giVB form and itnmure to urban development; and contribute to 
the charm and beauty of the Region. To the extent practicable, sanitary 
sewer service should be planned oo as to discourage urban development in 
these prime agricultural areas. 

Souroe: SEWRPC. 

are generally unsuited or poorly suited for most agricul- 
tural or urban development purposes. Wetlands, however, 
have important ecoloejcal value in a natural state. Wet- 
lands contribute to flood control and stream purification, 
since such areas naturally serve to temporarily store 
excess runoff and thereby tend to reduce peak flood 
flows. It has been found that except during periods of 
unusually high runoff, concentrations of nutrients in 
waters leaving such areas are considerably lower than in 
waters entering the wetlands. 

Wetlands within Wisconsin have been classified by the 
Wisconsin Department of Natural Resources according 

to the national wetland classification ~ y s t e m . ~  Under this 
system, seven major classes of wetlands are recognized: 
potholes, fresh meadows, shallow marshes, deep marshes, 
shrub swamps, timber swamps, and bogs. 

The wetlands with standing water are well suited for 
waterfowl and marsh furbearers, while drier types sup- 
port upland game due to the protection afforded by 
vegetative cover. Shallow-water wetlands are subject 
to  winter freeze and summer drought, and, therefore, 
are considered lower in value than the deep-water types 
of wetlands. 

Inventories of water and wetlands within the South- 
eastern Wisconsin Region were conduded by the 
Commission as part of the 1963 and 1970 land use 
inventories. The water and wetland land use category 
includes all inland lakes, excluding Lake Michigan; all 
streams, rivers, and canals more than 50 feet in width; 
and open lands which are intermittently covered with 
water or which are wet due to a high water table. As 
indicated in Table 23 and on Map 28, water and wetland 
areas in the Region in 1970 covered about 180,800 acres, 
or about 11 percent of the area of the Region, with more 
than 124,500 acres, or 69 percent, being located in 
Walworth, Washington, and Waukesha Counties. 

Of the total water and wetland category, only 48,000 
acres, or 27 percent, actually consist of surface water. 
The remaining 132,800 acres consist of swamps, marshes, 
and other wetland areas. Large amounts of surface 
water areas are located in northwestern Waukesha 
County, southern Walworth County, and southwestern 
Kenosha County, while concentrations of wetland 
areas occur in the Cedarburg Bog in Ozaukee County, 
the Jackson and Theresa Marshes in Washington County, 
and the Menomonee Falls and Vernon Marshes in Wau- 
kesha County. 

The extent of water and wetlands may change in a given 
area over time as a result of drainage and landfill 
operations, as well as the construction of new impound- 
ment areas. Furthermore, variations in precipitation 
may cause the boundaries of wetland areas to fluctuate 
from t i e  to time. As a result of these changes, there 
was a net decrease of about 1,600 acres, or approxi- 
mately 1 percent, in the water and wetlands category 
in the Region between 1963 and 1970. 

As shown on Map 29, both increases and decreases in 
water and wetland areas occurred in scattered fashion 
throughout the outlying areas of the Region. There was 
a net gain of almost 500 acres of water and wetland areas 
in Racine County between 1963 and 1970, while net 
decreases occurred in the other six counties, ranging 
from only four acres in Walworth County to more than 
1,000 acres in Waukesha County. 

'~lassification of Wetlands in the United States, Special 
Scientific Report: Wildlife No. 20, Fish and Wildlife 



Map 25 

SOIL SUITABILITY IN THE REGION 
FOR SEWAGE SLUDGE APPLICATION 

LEGEND 
SLlWT LIMIT&TIONS 

MODERATE LIMITATIONS 

SEVERE LIMITkTIONS 

MADE LaND. WATER, iiND 0 INCORPOR&T;IED &RE&$ 

NOTE. SOILS DATA FOR PORTIONS OF 
INCORPORATED AREIIS ARE fiLSO 
AY&ILABLE FROM THE 
0RlGlNd.L MAPPINO 
INTERPRETATIONS IN 
TNE COMMlSSlON 
FlLeS 

Soil slope, depth to bedcock and groundwater, $ail chemistry, and roil p s r m e s b i l i ~  all affect rhs suitability o f  rites for land application of sludges. Within the 
Region, about 588 square miles, or 22 percent, are rated as severely limited for land application of r ludw: 868 square miles, or 32 percent,are rated as moderately 
limited: 944 square miles, or 35 percent, are rated ar slightly limited;andabout 290square miles,ar 11 percent. areclsrr i f isdamade landruch sr landfills, urban 
land. or water which would have to be analyzed on a care-bycase basis. 

Source: SEWRPC. 
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Map 27 

WOODLANDS IN THE REGION: 1970 

LEGEND 

"""a"" 

CHANGE IN WOODLANDS IN THE REGION: 1863-1970 

Wmdlandr currently occupy abwt 125,WO acres, n about 7 wrcent of the total land area 
of the Region. Wdlands haw much value beyond rnwrstary return for fores products. The 
maintenance of &lands connlbuws to clean dr and water and no the msinmnance of a d i i r -  
sity of plilnt and animal life. W d l a d s  aiw, prwidean anranive natural rerruree of immearur- 
able value. Significant eoncermationr of woodlsndr are located in the Kenk Moraine State 
Forest and in wveral maiw stream miley area in Walworth and Waukeha Cowtier. Togsther, 
these areas comain about 64,000 aaes of woodland, representing slightly m r  one-half of the 
remaining wmdlsnds In the Region. 

. ~~ --- - . .~ ~ -.*-- 
. . Sourm: SEWRPC 

. C" ,;. . .  
* - 

Batween 1963 and 1970, them mrr both dscreasr in w d i s n d r  in certain amr  of the Region, 
lawiy  due m conversion of woodlands to intensive urban and agrioultural land u s r ,  as well ar 
incream in wodlandr In certain areas ss s rssuit of reforestation activity. The overall effect of 
thew changer in wodlandr between 1963 and 1970 war a net i os  of about 5,100acrer.repre- 
ssnting a decreere in the total amwnt of woodlands since 1963 of about 4 wrssnt. An shown on 
the above map, there lr a notable concentration of reforerration activities in tha Kettle Moraine 
State Form ares. Woodland loser mrs greaten in Waukesha County, where nearly 18Waorar 
w r e  mnvwted to intensive urban use. 

Sourm: SEWRPC. 



Table 22 

WOODLANDS I N  THE REGION BY COUNTY: 1963 AND 1970 

a Identification and quantification of woodlands in the Region was based upon aerial photo interpretation completed as part of the regional 
land use inventories conducted in 1963 and 1970. The 1963 woodland acreage data differ slightly from the 1963 forest and woodlands acreage 

County 

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

data presented in SEWRPC Planning Report No. 7, The Land Use and Transportation Study, Volume One, Inventory Findings, since the latter 
acreage was determined by the Wisconsin Conservation Commission for SEWRPC and includedswamp woodlands and wet mesic woodlands, 
which were considered wetlands in the SEWRPC land use inventories, and also included only those woodlands 20 acres or over in area. 

Woodlands 

Source: SEWRPC. 

Table 23 

SURFACE WATER AND WETLANDS I N  THE REGION: 1963 AND 1970 

1 963a 

Acres 

9.61 6 
3,455 
8,550 

13,709 
32,750 
27,855 
34,482 

130,417 

a The 1963 water and wetland acreage data differ slightly from the data presented in SEWRPC Planning Report No. 7, 73e Land Use Transpor- 
tation Study, Volume One, lnventory Findings, because the availability of more detailed information since 1963 permitted a refinement of 
water and wetland delineation for that year. 

~ess  than 0. I percent 

Source: SEWRPC. 

1970 

Percent 

7.4 
2.6 
6.6 

10.5 
25.1 
21.4 
26.4 

100.0 

County 

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

Change: 19631970 

Acres 

9,112 
3.21 3 
8,272 

12,927 
31,755 
27,410 
32,597 

125,286 

Acres 

- 504 
- 242 
- 278 
- 782 
- 995 
- 455 
- 1,885 

- 5,131 

Percent 

7.3 
2.6 
6.6 

10.3 
25.3 
21.9 
26.0 

100.0 

Surface Water and Wetlands 

Percent 

- 5.2 
- 7.0 
- 3.3 
- 5.7 
- 3.0 
- 1.6 
- 5.5 

- 3.9 

1 963a Change: 1963-1 970 

Acres 

19,584 
4,522 

15,083 
17,218 
39,164 
36,032 
50.87 1 

182,474 

1970 

Acres 

- 139 
- 315 
- 204 

494 
- 4 
- 394 
- 1,082 

- 1,644 

Percent 

10.7 
2.5 
8.3 
9.4 

21.5 
19.7 
27.9 

100.0 

Acres 

19,445 
4,207 

14,879 
17,712 
39,160 
35,638 
49,789 

180,830 

Percent 

- 0.7 
- 7.0 
- 1.4 
2.9 

b 

- 1.1 
- 2.1 

- 0.9 

Percent 

10.8 
2.3 
8.2 
9.8 

21.7 
19.7 
27.5 

100.0 



Abut 180.800 acres. or appronimamlv 10 percent of the area of the Region. w r e  covered by water and w t i s n d l  in 1970. There wetland$ constitute a valuable 
resOU~ce, s u ~ ~ o r t i n g  wide varietieo of desirable forms of plant and animal life; arrirting in reducing storm water runoff, stabilizing rtreamflowr, and enhancing + 
stwarn water qualify by functioning as nutrient and sediment trap*; and providing aerthstically pleasing vismr on the landsespe. The extent of water and wetlands i' 
m w  fhanp rlightly over time as a result of drainage and landfill aperationr, ar well as the emrtruetian of new impoundment areas. Furthermore, variations i n  > 
Precipitation m w  csure the boundaries of wetland areas t o  fluctuate. As a rerult of there changer. there wsr s net decrease of about 1,609 acres, or approximately 
1 Percent. In the water and wetland category in the Region betwesn 1963 and 1970. 

Source: SEWRPC ' I 



As shown on the map, born increase and deoreares in water and wstisnd area* occurred in scattered fashion throughout the Resim. On a counw beis, the mwt 
significant change acvrred in Waukeha County, where there war a net lou of 1.WO acres of wetlands b e w e n  1963 and 1970. 

Source; SEWRPC 91 



Aquatic Vegetation: Unlike vegetative cover on the 
tributary land surface, which affects the potential for 
diffuse pollutant contributions to lakes and streams, 
aquatic vegetation demonstrates the relative fertility of 
the watercourses and bottom sediments. Accordingly, 
a knowledge and understanding of aquatic vegetation 
is important to the analysis of water quality problems. 

Aquatic plant surveys of 62 of the 100 major lakes8 in 
the planning Region indicate that lakes in the Region 
may be expected to have moderate to abundant vegeta- 
tion in areas extending from the shore zone to depths 
as great as 20 to 30 feet. Higher densities of aquatic 
vegetation generally occur in lakes having extensive 
shallow areas, clear water, and muck bottoms, whereas 
lower aquatic vegetation densities are associated with 
lakes having limited shallow areas, turbid or tea-colored 
water, and marl, sand, gravel, or suspended-ooze bottoms. 
Lakes in the Region may be expected to contain 300 to 
2,500 times as much plant material per unit of area as 
lakes in northern Wisconsin, the greater plant production 
of the former being partly attributable to their very hard, 
alkaline nature, coupled with their relatively high dis- 
solved mineral and nutrient content conducive to  aquatic 
plant growth. Some of the lakes within the Region were 
also found to display unusually high aquatic plant growth 
attributed to pollutants which artificially enrich the 
nutrient content of lakes above the natural levels. 

Fish and Wildlife Resources 
Fish and wildlife are invaluable elements of the Region's 
natural resource base. The variety and relative abundance 
of wildlife in the Region serve as indicators of the quality 
of the natural environment. At the same time, they 
provide numerous recreational opportunities for sight- 
seers, tourists, fishermen, hunters, and other nature 
enthusiasts. Thus, activities associated with fish and 
wildlife contribute to the Region's economy. 

Lake and Stream Fisheries: Most of the major lakes 
in southeastern Wisconsin are capable of supporting 
significant fish populations under existing conditions. 
However, Commission studies conducted as part of 
the Fox and Milwaukee River comprehensive watershed 
planning programs have found that a decline in lake water 
quality in general, and fishery suitability in particular, 
is occurring. This regional decline may be expected to 
continue in the absence of sound lake water quality 
plans and proper implementation of such plans. 

'see Aouatic Plant Survev of Major Lakes in the 
u -, 

Fox River Watershed. Research Report No. 39, Wis- 
consin Departn; 
Plant Survey of Milwaukee River Watershed Lakes, 
Research Report No. 52, Wisconsin Department of 
Natural Resources, 1970; and individual lake use reports 
prepared in cooperation with the Wisconsin Department 
of Natural Resources. 

Dominant fish species of lakes within the Region-in order 
of importance to its fishery-include bluegill, largemouth 
bass, northern pike, walleye, bullhead, black crappie, 
yellow perch, and carp. Otheflish species existing in the 
lakes &d streams, but of lesser importance to the fisher- 
man, are pumpkinseed, warmouth, white sucker, and 
sunfish. Nearly every lake capable of supporting a fishery 
has a fish population comprised of northern pike, large- 
mouth bass, bluegill, and bullhead. Few of the lakes, 
however, also support good walleye, muskellunge, cisco, 
and trout populations. 

Lake fisheries are sustained primarily by natural spawning 
areas within the lakes. Presently, there are adequate 
shallow weedbed areas available for fish spawning within 
most major lakes. Other factors, however, such as dete- 
riorating or fluctuating water quality and the lack of 
adequate boating regulations to protect spawning areas, 
tend to limit the effectiveness of these areas for natural 
spawning. In many instances, therefore, lake fisheries 
must be sustained by fish stocking. 

Only limited quality stream fisheries are available within 
the Region. The Commission's Fox, Menomonee, and 
Milwaukee River watershed studies, for example, found 
that stream fisheries were generally limited in that 
only some of the relatively large streams in these three 
watersheds are capable of supporting self-sustaining 
populations of walleye, smallmouth bass, northern pike, 
or panfish. Very few streams presently support trout 
populations. It is recognized that not every stream in 
the Region can, or should, be of such quality that it can 
support walleye, smallmouth bass, or trout. These species 
are, however, important indicators of environmental 
quality, and should be maintained or restored in suitable 
selected streams throughout the area. 

Wildlife Habitat Areas: Terrestrial wildlife in southeastern 
Wisconsin, in addition to nongame animals, is composed 
of small upland game such as rabbit and squirrel, pre- 
dators such as fox and racoon, and game birds including 
pheasant and grouse. Waterfowl are also present. Deer 
are found in some areas, but the herds are small when 
compared to those of other regions of the State. The 
remaining habitat and wildlife therein provide valuable 
recreation, constitute an immeasurable aesthetic asset, 
and contribute by their presence to economic activity 
within the Region. 

The complete spectrum of wildlife species originally 
native to the Region have, along with their habitat, 
undergone tremendous alteration since settlement of 
the watershed by Europeans. The change is the direct 
result of an extreme conversion of the basic environ- 
ment, beginning with the clearing of forests and prairies 
and the drainage of wetlands and ending with extensive 
agricultural and urban land uses. This process, which 
began in the early nineteenth century when European 
settlers began to develop the Region, is still operative 
today. Successive cultural practices, both rural and 
urban, have been superimposed on the overall land 



use changes and have also affected the wildlife and 
wildlife habitat in the Region. In agricultural areas, these 
cultural practices include land drainage by ditching and 
tiling and the expanding use of fertilizers and pesticides. 
Examples of urban-area cultural practices that affect 
wildlife and their habitat are the use of fertilizers and 
pesticides, road salting, heavy traffic which produces 
disruptive noise levels, damaging air pollution, and the 
introduction of domestic animals. 

Many of these land use changes and the cultural activity 
subsequently superimposed on those changes have 
proceeded with little explicit concern for wildlife and 
their habitat. The resiliency of wildlife to such impacts 
is truly remarkable, but a tremendous toll has been 
taken. Inexorably, the minimum life requirements 
have disappeared in much of the Region and, as a result, 
only remnants remain, to continue a precarious existence. 
The wildlife and wildlife habitat loss is only part of 
a much greater loss of diversity that is characteristic of 
natural communities. 

Inventories of land and inland water in the Region known 
to be inhabitated by various forms of wildlife were carried 
out cooperatively by the Wisconsin Department of 
Natural Resources and the Southeastern Wisconsin 
Regional Planning Commission in 1963 and 1970. As 
indicated in Table 24 and on Maps 30 and 31, wildlife 
habitat areas in 1970 covered approximately 259,800 
acres, or 15  percent of the total area of the Region. The 
overwhelming majority of this area, more than 192,500 
acres, or 74 percent, occurred in Walworth, Washington, 
and Waukesha Counties. It should be noted that more 
than 77,900 acres, or 76 percent of the total high-value 
wildlife habitat areas, and more than 70,000 acres, or 
75 percent of the total medium-value wildlife habitat 
areas, occur in these counties as well. 

Wildlife habitat areas in 1963 covered 261,200 acres of 
the Region. This indicates a net loss of about 1,300 acres 
of wildlife habitat areas in the Region for the 1963 to 
1970 period. The geographic distribution of losses in 
wildlife habitat areas during this period is shown on 
Map 31. While this loss of 1,300 acres of wildlife habitat 
may appear insignificant, further review of Table 24 
indicates a decrease of more than 3,000 acres, or about 
3 percent, of high-value wildlife habitat areas in the 
Region during this same period. Walworth County experi- 
enced a decrease of more than 1,800 acres, or almost 
7 percent of its total high-value wildlife habitat areas 
during this period. Kenosha County, with an increase 
of about 120 acres of high-value wildlife habitat areas, 
is the only county to experience an increase during 
this period. 

The destruction of wildlife habitat areas is primarily 
the result of urbanization. While some wildlife habitat 
areas are lost due to widening or new construction of 
transportation facilities, most have been destroyed as 
a result of residential development. It would appear, 
then, that some high-value wildlife habitat sites are 

high-value sites for residential development as well. If 
the remaining wildlife habitat in the Region is to be 
preserved, the forest lands, wetlands, and related surface 
water, together with the proximate croplands and pasture 
lands, must be protected from mismanagement and con- 
tinued urban encroachment. 

Water Resources 
Surface water resources, consisting of lakes, streams, and 
associated floodlands, firm the singularly most important 
element of the natural resource base of the Region. 
Their contribution to the economic development, recrea- 
tional activity, and aesthetic quality of the Region is 
immeasurable. The groundwater resources of southeastern 
Wisconsin are closely interrelated with the surface water 
resources inasmuch as they sustain lake levels and provide 
the base flow of streams, and supply domestic, municipal, 
and industrial water users. 

Surface Water Resources: Lakes and streams of the 
Region constitute focal points for water-related recrea- 
tional activities popular with the inhabitants of the 
Region; provide attractive sites for properly planned 
residential development; and-when viewed in the con- 
text of open space areas-greatly enhance the aesthetic 
quality of the environment. It is important to note 
that lakes and streams are extremely susceptible to 
deterioration through improper land use development 
and management. Water quality can degenerate as a result 
of excessive nutrient loads from malfunctioning or 
improperly placed septic systems, inadequate operation 
of waste treatment facilities, careless agricultural prac- 
tices, and inadequate soil conservation practices. Lakes 
and streams are also adversely affected by the excessive 
development of lakeshore and riverine areas in com- 
bination with the filling of peripheral wetlands, which 
remove valuable nutrient and sediment traps while adding 
nutrient and sediment sources. The regional surface water 
resources must be properly managed to adjust man's uses 
to the quantity and quality of surface waters that are 
available, and to achieve a reasonable balance between 
public and private use and enjoyment of those surface 
water resources. 

Lakes: Major lakes are defined herein as those having 
50 acres or more of surface water area, a size capable 
of supporting reasonable recreational use with relatively 
little degradation of the resource. There are 100 major 
lakes within the Region, the location and relative sizes 
of which are shown on Map 32. A tabular summary, by 
county, of the surface water resources of southeastern 
Wisconsin is presented in Table 25. Major lakes in the 
Region have a combined surface water area of about 
57 square miles, or about 2 percent of the area of the 
Region, and provide a total of about 448 miles of shore- 
line. The distribution of major lakes ranges from none 
in Milwaukee County to 33 in Waukesha County. The 
remaining five counties of Walworth, Kenosha, Wash- 
ington, Racine, and Ozaukee each contain, respectively, 
25, 15, 15, 10, and 2 major lakes. Lake Geneva is by 
far the largest lake in southeastern Wisconsin, having 



Table 24 

WILDLIFE HABITAT AREAS IN THE REGION BY VALUE  RATING^ AND COUNTY: 1963 AND 1970 

a~igh-value wildlife habitat areas have a high diversity of species. The territorial requirements of the major species are met, in that minimum 
population levels are possible. The structure and composition of the vegetation provide for nesting, travel routes, concealment, and modifica- 
tion of weather impact, Also, such areas have experienced little or no disturbance as a result of man's activities and are located in close prox- 
imity to other wildlife habitat areas. 

Medium-value wildlife habitat areas maintain all o f  the criteria described for a high-value habitat, but at a lower level. The species diversity 
may not be as high as in the high-value areas. The territorial requirements of the major species may not be adequately met, in that minimum 
population levels are not possible or are just barely met. The structure and composition of the vegetation may not adequately provide for 
nesting, travel routes, concealment, or modification of weather impact. The areas may have undergone disturbance as a result of man's activi- 
ties, and also may not be located in close proximity to other wildlife habitat areas. 

1 963b 

County valuea Acres Percent 

Kenosha 44.4 
28.0 
27.6 

Low-value wildlife habitat areas are of a supplemental or remnant nature. They are usually considerably disturbed but are included in the 
inventory since they provide the only available range in the vicinity, supplement areas of a higher quality, or they provide corridors linking 
higher habitat areas. 

Change: 

Acres 

118 
- 149 

494 

The 1963 wildlife habitat acreage data differ slightly from h e  data presented in SEWRPC Planning Report No. 7, The Land Use Transporta- 
tion Study, Volume One, m s ,  because the availability of more detailed information since 1963permitted a refinement of the 
wildlife habitat delineation for that year. 

1963-1970 

Percent 

1.2 
- 2.4 

8.0 

1970 

Less than 0.05 percent 

2.1 

0.0 
- 2.1 
- 11.7 

- 5.3 

- 0.8 
- 1.3 

12.8 

0.1 

- 1.1 
- 2.0 

2.6 

C 

- 6.5 
2.5 
5.3 

- 0.9 

- 2.5 
0.2 
5.8 

0.3 

- 2.2 
- 1.9 
- 0.1 

- 1.6 

- 2.9 
- 0.5 

3.7 

- 0.5 

Acres 

10,083 
6,136 
6,683 

Percent 

44.0 
26.8 
29.2 

- 
Milwaukee 

Ozaukee 

Racine 

Walworth 

Washington 

Waukesha 

Region 

0 
1,225 

553 

1,778 

6.033 
8,310 
1,512 

15,855 

8,945 
8.01 5 
9,803 

26,763 

26,890 
20,775 
15,368 

63,033 

19,340 
21,414 
1 1,240 

51,994 

31,710 
28,255 
17,542 

77,507 

103,001 
94,130 
62,701 

259,832 

High 
Medium 
LOW 

Total 

High 
Medium 
Low 

Total 

High 
Medium 
Low 

Total 

High 
Medium 
Low 

Total 

High 
Medium 
Low 

Total 

High 
Medium 
Low 

Total 

High 
Medium 
Low 

Total 

0.0 
68.9 
31.1 

100.0 

38.1 
52.4 
9.5 

100.0 

33.4 
30.0 
36.6 

100.0 

42.7 
32.9 
24.4 

100.0 

37.2 
41.2 
21.6 

100.0 

40.9 
36.5 
22.6 

100.0 

39.6 
36.3 
24.1 

100.0 

463 -- 
0 

- 26 
- 73 

- 99 

- 49 
- 112 

171 

10 

- 99 
- 162 

250 

- 11 

- 1,864 
503 
775 

- 586 

- 504 
34 

617 

147 

- 711 
- 554 
- 17 

- 1,282 

- 3,109 
- 466 

2,217 

- 1,358 

0 
1,251 

626 

1,877 

6,082 
8,422 
1,341 

15,845 

9,044 
8,177 
9,553 

26,774 

28,754 
20,272 
14,593 

63.61 9 

19,844 
21,380 
10.623 

51,847 

32,421 
28,809 
17,559 

78,789 

106,100 
94,596 
60,484 

261,190 

100.0 - 
0.0 

66.6 
33.4 

100.0 

38.4 
58.1 
8.5 

100.0 

23.8 
30.5 
35.7 

100.0 

45.2 
31.9 
22.9 

100.0 

38.3 
41.2 
20.5 

100.0 

41.1 
36.6 
22.3 

100.0 

40.6 
36.2 
23.2 

100.0 



Map 30 Map 31 

WILDLIFE HABITAT IN THE REGION: 1970 

The remaining wildlife habitat areas and the wildlife therein provide an important recreational 
reroures and constitute a valuable aesthetic aaet of routheartern Wisconsin. As of 1970, approxi- 
mately 260,000 acres, or 15 peraent of the area of the Region, were identified as wildlife habitat. 

. ~ Source: Wisconsin Deoartment of Natural Resources and SEWRPC. &. 

CHANGE OF WILDLIFE HABITAT AREAS IN THE REGION: 1963-1970 

From 1963 to 1970 there was a net loss of about 1,300 acres of wildlife habiter In the Region. 
This loss represents about onshaif of 1 psrcent of the approximately 261.000 acres of wildlife 
habitat that existed in the Region in 1963. The above map identifies those areas of the Region 
where wildllfe habitat war destroyed by canversion to urban deueiopment during this period, as 
well ar thore ares* where additional wildlife habitat ares w r e  found in the 1970 invento~. The 
increas in wildlife habitat msy be attributed to a number of remonr, including reforenation. 
impoundment and wetland creatlone, and the mtoraticn of landa formerly "red for aariculture 
to "natursi" uses, including the ertablishmsnt of wildlife cwer. The most severe 1-s in the 
hioh-value wildlife habitat areas durino the 1963 to 1970 Deriod occurred In Waukesha and .- ~~ . ~ -- ~- ~ ~~ ~ 

Walworrn Countaer. C0nfin.sd encroshment of incompauble rural aa wll ar urban derelomnc 
into ine remaooing vnldllle hadtat areas of the Regoon ul I inevitablv lead to a deslme in wildl;fe 
popul~tlon and conwlarte to the deterioration of the orsra I quai19 of Ills within chs Region. 

Source; SEWRPC 



a surface area of 5,262 acres, and is 2.1 times as large 
as Pewaukee Lake, the second largest lake in the Region, 
with an area of 2,493 acres? 

The lakes of southeastern Wisconsin are almost exclu- 
sively of glacial origin, being formed by depressions 
in outwash deposits, terminal and intedobate moraines, 
and ground moraines. Some lakes, such as Green Lake 
in northeastern Washington County or  Browns Lake in 
southwestern Racine County, owe their origin t o  kettles, 
that is, depressions formed in the glacial drift as a result 
of the melting of ice blocks that became separated from 
the melting continental ice sheet, and the subsequent 
subsidence of sand and gravel contained on and within 
those blocks. By virtue of their origin, glacially formed 
lakes are fairly regular in shape, with their deepest points 
located predictably near the center of the basin, or near 
the center of each of several connected basins. The 
beaches are characteristically gravel or sand on the wind- 
swept north, east, and south shores, while fine sediments 
and encroaching vegetation are common on the protected 
west shores and in the bays. 

There are 228 lakes and ponds in the Region of less than 
50 acres of surface water area, which are considered in 
this report as minor lakes. These minor lakes, the regional 
distribution of which is summarized in Table 25. have 
a combined surface water area of four square miles, or 
about 0.15 percent of the area of the ~ e g i ~ n ,  and provide 
141 miles of shoreline. These small lakes eenerallv have 
few riparian owners and only marginal fisheries. In most 
cases, the primary values of the minor lakes are ecological 
and aesthetic, and are fragile and readily lost with any 
degree of improper shoreland development. 

Streams: As discussed earlier and as shown on Map 17, 
the surface drainage system of southeastern Wisconsin 
may be viewed as existing within 12 individual water- 
sheds, of which five, the Root River, Menomonee River, 
Kinnickinnic River, Oak Creek, and Pike River water- 
sheds, are contained entirely within the Region. The 
Region contains only a very small part of the Wisconsin 
portion of the Rock River watershed, the streams of 
that watershed within the Region being limited t o  the 
headwater portions of such tributaries to the Rock as 
the Bark and Oconomowoc Rivers and Turtle Creek. 

- 
'see Aooendix C of SEWRPC Plannina Guide No. 5. 
~loodl&n;l and ~horeiand Deuelopment &ide, for a more 
detalled tabulation, by county, of lakes and ponds in 
southeastern Wisconsin. which indicates the location of 
each lake and pond and also summarizes pertinent 
morphometric parameters such as surface area, maximum 
depth, and shoreline length. Some of the morphometric 
parameters for major lakes have been revised under 
the Commission's Fox and Milwaukee River watershed 
studies published as SEWRPC Planning Report No. 12, 
A Comprehensrue Plan for rhe Fox Rlrer Il'arershed. 
Volumes I and 2, and SEWRPCPlonning Report .%. 13. 
A Comprehensive Plan for the ~ i lwaukee  kiuer Water- 
shed, Volumes I and 2. - 

MAJOR LAKES IN THE REGION 

There are 100 major lakes. 50 acres or larger, in the Southeastern Wisconsin 
R-ion. There lakes are located in four of the 12 major watsnhedr of the 
Region-the DBI Plsines, Fox, Milwaukee. and Rack River watersheds-and 
in pix of the seven countier comprising the Region, Milwaukee County being 
the only county containing no major lakes. Of the 1Ml major lakes. 4 2  are 
flow-through lakes having one or more major inlets and outlets: 30 are 
headwater iaker having outlets but no inlets; and 28 are groundwater or 
internally drained lakes--rometimer called kettle lsker-hsving no inlets 
or outlets. The large* and deepest lake in routhestern Wisconsin io 
Geneva Lake with a surface area of 5.262 acres and a maximum depth 
of 135 feet. Of me 65 lakes rated for trophic status ar of 1975, 19percent 
were categorized 8s wry eutrophic (highly fertilel; 12 percent a eutrophic 
(fertile): 57 percent as mesotrophic lmoderamiv fertilel; and 12 percent 
as oligotrophic (infertile). The lakes are an integral part of the aesthetic. 
biological, and recrsarional fabric of the Resion. They conrtitute some 
of the Region's most important natural resources, and stir a unique level 
of concern for rs~lurce management decisions among the residents of 
 outh heal tern Wisconoin. 

Source: SEWRPC. 

Three of the 12 watersheds contained wholly or partly 
in southeastern Wisconain-the Fox, Rock, and Des 
Plaines River watersheds, which have a combined area 
of 1,680 square miles, or 63 percent of the area of the 
Region-lie west of the subcontinental divide. As a result, 



Table 25 

LAKES A N D  STREAMS I N  THE REGION BY COUNTY 

a Appendices B, C, and D to  SEWRPC Planning Guide No. 5, Floodland and Shoreland Development Guide, contain detailed tabulations, by 
county, of all streams, lakes, and ponds in the Southeastern Wisconsin Region. These appendices indicate the location of each stream, lake, 

County 

and pond and summarize pertinent morphometric parameters. Surface areas and shoreline lengths for some of the major lakes have been 
revised under the Commission Fox and Milwaukee River watershed studies, documented in SEWRPC Planning Report No. 12, A Compre- 
hensive Plan for the Fox River Watershed, Volumes One and Two, and SEWRPC Planning Report No. 13, A Comprehensive Plan for the 
Milwaukee River Watershed, Volumes One and Two. Entries in this table reflect the revised figures for major lakes. 

~ a k e s ~  

Name 

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

b~ major lake is defined as one having 50 acres or more of surface water area. 

Area 
(square miles) 

278.28 
242.19 
234.49 
339.87 
578.08 
435.50 
580.66 

2,689.07 

Major streamsd 

County 

A minor lake is defined as one having less than 50 acres of surface water area. 

~ a j o r ~  

~ a k e s ~  

Total 

Name 

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

d ~ a j o r  streams include those watercourses having a perennial f low or  those intermittent streams that have been named in SEWRPC Planning 
Guide No. 5. 

 ino or' 

Number 

19 
15 
29 
14 
29 
38 
50 

194 

Area 
(square miles) 

278.28 
242.19 
234.49 
339.87 
578.08 
435.50 
580.66 

2,689.07 

Source: Wisconsin Department of Natural Resources and SEWRPC. 

Number 

9 
40 
36 

7 
9 

43 
84 

228 

Total 
Length 
(miles) 

106.40 
102.99 
112.20 
100.55 
173.00 
219.80 
333.30 

1,148.24 

Total 
Shoreline 

Length 
(miles) 

54.47 
14.99 
30.15 
64.1 1 

140.50 
64.91 

21 9.97 

589.10 

Number 

24 
40 
38 
17 
34 
58 

117 

328 

Total 
Surface Area 

Total 
Shoreline 

Length 
(miles) 

48.62 

4.75 
59.52 

131.40 
40.59 

162.89 

447.77 

Number 

15 

2 
10 
25 
15 
33 

100 

Largest Lake 

Square 
Miles 

0.73 
0.62 
1.25 
0.96 
0.58 
1.03 
1.31 

6.48 

Name 

Elizabeth Lake 

Mud Lake 
Wind Lake 
Lake Geneva 
Big Cedar 
Pewaukee 

Percent 
of 

County 

0.03 
0.03 
0.05 
0.01 
0.01 
0.02 
0.02 

0.02 

Total 
Surface Area 

Total 
Shoreline 

Length 
(miles) 

5.85 
14.99 
25.40 
4.59 
9.10 

24.32 
57.08 

141.33 

Total 
Surface Area 

Total 
Surface Area 

Area 
(acres) 

637.80 

245.40 
936.20 

5,262.40 
932.00 

2,493.00 

10,506.80 

Square 
Miles 

5.33 
0.26 
1.10 
5.65 

19.87 
4.92 

23.69 

60.82 

Square 
Miles 

0.27 
0.26 
0.63 
0.17 
0.35 
0.70 
1.62 

4.00 

Square 
Miles 

5.06 

0.47 
5.48 

19.52 
4.22 

22.07 

56.82 

Percent 
of 

County 

1.92 
0.1 1 
0.47 
1.66 
3.44 
1.13 
4.08 

2.26 

Percent 
of 

County 

0.10 
0.11 
0.27 
0.05 
0.06 
0.16 
0.28 

0.15 

Percent 
of 

County 

1.82 

0.20 
1.61 
3.38 
0.97 
3.80 

2.1 1 



the rivers and streams within these catchment areas flow 
in a generally south and southwesterly direction, and are 
a part of the Mississippi River drainage system. The rivers 
and streams in the nine watersheds comprising the 
remainder of southeastern Wisconsin, which have a com- 
bined area of 1,009 square miles, or  37 percent of the 
area of the Region, flow in an easterly direction and 
discharge into Lake Michigan, and are a part of the Great 
Lakes-St. Lawrence River drainage system. A tabular 
summary of watershed characteristics for southeastern 
 isc cons in is presented in Table 26, and a graphical repre- 
sentation of the range of watershed sizes is shown in 

Figure 16 1 

SIZE AND DISTRIBUTION OF WATERSHEDS 
IN THE REGION BY COUNTY 

I "'""'" """ 
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Figure 16. - ~ 

8 a m  

One of the most interesting, variable, and occasionally 
unpredictable features of each watershed is the ever- ; 3m 
changing, sometimes widely fluctuating, discharges and 
stages of its river and stream system. The stream systems 8 
of the Region receive a relatively uniform flow of ground- 
water from the shallow aquifer underlying the Region. 
This groundwater discharge constitutes the base flow zoo 

of the streams. The streams also periodically intercept 
surface water runoff from rainfall and snowmelt, which zoo 

is superimposed on the base flow and sometimes causes 
the streams t o  leave their channels and occupy the adja- mmo 

cent floodlands. The volume of water drained annually 
from southeastern Wisconsin by the stream system is 
equivalent to seven t o  eight inches of water spread over i P X  

the sevensounty Region, which amounts to about one- 
fourth of the average annual precipitation. 

Major streams are defined herein as perennial streams 
which maintain, at a minimum, a small, continuous flow 

+? 
. .  i /  ' ..!..,[ 

. .. , . , ,. z ,  .,. . ~ 

Source; SEWRPC. t. 
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Table 26 

WATERSHEDS IN THE REGION BY COUNTY 
I 



throughout the year except under unusual drought 
conditions. Within the Region, there are approximately 
1,148 miles of such major streams, as summarized by 
county in Table 25. The length of major streams per 
county ranges from a low of 100 lineal miles in Racine 
County to a high of 333 lineal miles in Waukesha County. 
Waukesha County also has the largest number of major 
lakes, and is, therefore, particularly well endowed with 
surface water resources. 

The existing chemical and biological conditions of the 
lakes and streams of the planning area, together with 
long-term trends in those conditions, must be a primary 
consideration of any sound water quality management 
planning program. For this reason, a complete analysis 
of the substantial amounts of water quality data available 
from within the Region, for the period of more than 
a decade from 1964 through 1975, was conducted by 
the Commission and documented in SEWRPC Technical 
Revort No. 17. Water Qualitv in Lakes and Streams of 
soitheastern  isc cons in: -1964-1975. This report updated 
an earlier revort. SEWRPC Technical R e ~ o r t  No. 4. Water - ,  

Quality and Flow of Streams in Southeastern Wisconsin, 
which documented the results of a 14-month studv of 
stream water quality conditions at 87 locations in the 
Region in 1964-1975. The results of the reports are 
summarized in Volume One, Chapter IV of this report, 
but the general conclusions of both reports should be 
noted here. Stream water quality within the Region over 
the entire period of record was found to be generally 
inadequate to meet the applicable standards for dissolved 
oxygen and fecal coliform and the recommended levels 
for nitrogen and phosphorus. The standards for ammonia 
were occasionally violated, but the standards for tem- 
perature and pH were generally achieved. Some trends 
to improved water quality were observed, generally 
below sites of upgraded or abandoned sewage treatment 
facilities, but a subtle decline in water quality was the 
more general trend observed. Although the inland lakes 
generally exhibited good water quality, the nutrient 
concentrations and the conditions of the inflowing 
streams indicate that sound land management practices 
are needed to slow the eutrophication process. In general, 
it is apparent from all of the Commission's stream water 
quality data that many miles of major streams in south- 
eastern Wisconsin have been degraded as a result of 
existing pollution sources, such that they are unfit for 
many intended uses. All of the Commission's water 
quality studies also clearly demonstrate the very basic 
relationship between land use and stream water quality, 
and thereby emphasize the need for concurrent areawide 
planning of land use and water quality control measures. 

Floodlands: The floodlands of a river or stream are 
the wide, gently sloping areas contiguous with, and 
usually lying on, both sides of a river or stream channel. 
Rivers and streams occupy their channels most of the 
time. However, during even minor flood events, stream 
discharges increase markedly such that the channel 
is not able to convey all the flow. As a result, stages 
increase and the river or stream spreads laterally over 
the floodlands. The periodic flow of a river onto its 
floodlands is a normal phenomenon and, in the absence 

of major, costly structural flood control works, will 
occur regardless of whether urban development occurs 
on the floodlands. 

For planning and regulatory purposes, floodlands are 
normally defined as the areas, excluding the channel, 
subject to inundation by the 100-year recurrence interval 
flood event. This is the event that would be reached 
or exceeded in severity once on the average of every 
100 years. Stated another way, there is a 1 percent 
chance that this event will be reached or exceeded in 
severity in any given year. Commission studies indicate 
that about 7 to 10 percent of the total land area of any 
given watershed will be within the 100-year floodplain 
of the Region's rivers and streams. The 100-year recur- 
rence interval floodplain contains within its boundaries 
the areas inundated by floods of less severe but more 
frequent occurrence such as the 50-, 25-, and 5-year 
recurrence interval events. 

Floodland areas are generally not well suited to urban 
development because of flood hazards, high water tables, 
and inadequate soils. These floodland areas are, however, 
generally prime locations for much needed park and 
open space areas, and, therefore, within the context of 
regional land use planning, every effort should be made 
to discourage indiscriminant urban development in the 
floodplain while encouraging open space uses. 

Flood hazard data for the numerous streams of the 
Southeastern Wisconsin Region, and particularly data 
on the limits of the natural floodlands of the streams for 
a flood of a specified recurrence interval, are important 
inputs to the regional planning process. Due to the 
importance of floodland data, the Commission, as an 
integral part of its comprehensive watershed studies, 
provides definitive data, including a delineation of the 
limits of the floodplain, on the 10- and 100-year recur- 
rence interval floods for most of the perennial streams 
in each watershed. 

The status of existing flood hazard data in the Region as 
of January 1,1977, is summarized on Map 33. The Com- 
mission has completed comprehensive watershed studies 
for the Root, Fox, Milwaukee, and Menomonee River 
watersheds, resulting in the delineation of floodlands for 
about 530 miles of major stream channels, not including 
stream channels in the Milwaukee River watershed lying 
outside of the Region in Sheboygan and Fond ,du Lac 
Counties. Both 10- and 100-year recurrence interval 
floodplain limits have been established for the indicated 
stream reaches in these watersheds by the Commission. 
A specified recurrence interval is necessary so that 
a sound economic analysis of the benefits and costs and 
of the advantages and disadvantages of various combina- 
tions of land use regulation, public acquisition, and 
public construction for flood damage abatement and 
prevention can be conducted. 

While the Commission is the only agency which has 
developed flood hazard data for the Region on the 
basis of comprehensive watershed studies, other federal 
and local agencies have developed flood hazard data 
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for additional stream reaches within the Region. For 
example, the U. S. Army Corps of Engineers has com- 
pleted detailed floodplain information studies along 
Whitewater Creek and along the Oconomowoc River 
at the request of the City of Whitewater and the City of 
Oconomowoc, respectively. The U. S. Soil Conservation 
Service has completed detailed floodplain information 
studies in the Pike River watershed at the request of 
Racine and Kenosha Counties, and along the Bark River 
at the request of the Village of Dousman. These are also 
indicated on Map 33. 

Various studies are currently underway to develop 
additional flood hazard data for stream reaches in the 
Region. For example, as a result of increased flood 
insurance activity in the Region, numerous studies are 
being undertaken by the U. S. Department of Housing 
and Urban Development to provide supplemental flood 
hazard data to be used in identifying flood-prone areas 
for flood insurance purposes. In areas where detailed 
flood hazard data already exist, these studies utilize the 
existing data and may include the development of flood 
hazard data for small, previously unstudied tributaries. 
In areas where no flood hazard data exist, these studies 
develop the data necessary for the determination of flood 
hazard areas. 

Groundwater Resources: The groundwater aquifers 
underlying the Region, together with Lake Michigan, 
are the major source of water for domestic, municipal, 
and industrial users. Approximately 235,000 persons, 
or 1 3  percent of the total resident population of the 
Region, utilize a total of about 35 million gallons of 
groundwater per day. Nearly 71 percent of the publicly 
owned water utilities within the Region uses groundwater 
as a source of supply. Groundwater withdrawals increased 
67 percent from 1960 to 1970, causing drawdowns 
(water level lowerings) of up to 350 feet in portions of 
Waukesha, Brookfield, and New Berlin. 

That part of precipitation that infiltrates into the ground 
and escapes-becoming evapotranspiration or part of the 
soil moisture--percolates downward until it reaches the 
zone of saturation and becomes part of the groundwater 
reservoir. Groundwater in any stratum is subject to 
a continuous process of natural and artificial discharge 
into streams, lakes, springs, and wells, and of replenish- 
ment through deep percolation of precipitation or 
recharge from streams, lakes, or wells. 

Groundwater in saturated rock occupies the pore spaces 
and other openings in the rock materials. Similarly, in 
loose, unconsolidated materials, groundwater in the 
saturated zone occupies the spaces between individual 
grains of silt, clay, sand, or gravel. Rock units that yield 
water in usable amounts to  pumped wells and in impor- 
tant amounts to lakes and streams are called aquifers. The 
aquifers beneath the Region differ widely in water yield 
capabilities and extend to great depths, probably attain- 
ing a thickness in excess of 1,500 feet in portions of the 
Region. Three major aquifers exist in the Region. These 
are, in order from land surface downward: 1 )  the sand 
and gravel deposits in the glacial drift; 2) the shallow 

dolomite strata in the underlying bedrock; and 3) the 
Cambrian and Ordovician strata, composed of sandstone, 
dolomite, siltstone, and shale. Because of their relative 
nearness to the land surface and their intimate hydraulic 
interconnection, the first two aquifers are often consid- 
ered to be a single aquifer commonly known as the 
"shallow aquifer." The latter is accordingly commonly 
known as the "deep aquifer." 

As shown on Map 34, the elevation of the potentiometric 
surface-the elevation to  which water would rise in an 
open well tapping the aquiferof the groundwater in the 
Region ranges from a high of more than 1,100 feet above 
National Geodetic Vertical Datum (mean sea level datum) 
in northwest portions of the Region to a low of less than 
540 feet above National Geodetic Vertical Datum in east- 
central portions of the Region. The elevation of the 
potentiometric surface of the groundwater in the shallow 
dolomite aquifer and glacial deposits is shown on Map 34. 
The direction of groundwater movement is generally 
away from the subsurface divide. The subsurface divide 
approximates the location of the subcontinental divide of 
the surface waters down the hydraulic gradient toward 
the points of groundwater discharge or recharge of the 
deep aquifer. Groundwater discharge is an important 
factor in the sustenance of the dry-weather flow of 
streams in the Region. 

Map 35 shows the estimated depth to  seasonal high 
groundwater for the Region. Seasonal high groundwater 
is defined as the average of highest annual ground- 
water levels over the period of record available. Soils 
mapping and soils moisture information were used by 
the U. S. Geological Survey to determine the seasonal 
high groundwater levels. Seasonal high groundwater in 
the Region may be expected to  be less than 10 feet 
beneath the land surface for about 12  percent of the 
Region. The seasonal high groundwater may be expected 
to be between 10 and 30 feet beneath the land surface 
for 54 percent of the Region and in excess of 30 feet 
beneath the land surface for the remaining 34 percent 
of the Region. 

The potential for groundwater pollution is dependent on 
the depth t o  groundwater, the depth and type of soils 
through which precipitation must percolate, the loca- 
tion of groundwater recharge areas, and the subsurface 
geology. As shown on Map 36, about 18  percent of 
the Region is noted as having a severe potential for 
groundwater pollution, and 45 percent as having 
a moderate potential, whereas about 37 percent of 
the Region is rated as having a slight potential for 
groundwater pollution. 

ENVIRONMENTAL CORRIDORS 

The Corridor Concept 
One of the most important tasks which was completed 
as part of the regional land use planning effort was the 
identification and delineation of the environmental 
corridors within the Region. Such corridors are defined 
as elongated areas encompassing the best remaining 
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Map 35 

DEPTH TO SEASONAL 
HIGH GROUNDWATER 

LEVELS IN THE REGION 
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POTENTIAL FOR GROUNDWATER 
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elements of the natural resource base and which should, 
therefore, be preserved in essentially natural open uses in 
order to maintain a sound ecological balance, protect 
the overall quality of the environment, and preserve the 
unique natural beauty of the Region. The corridors by 
definition include one or more of the following seven 
elements of the natural resource base: 

1. Lakes, rivers, and streams and their associated 
undeveloped shorelands and floodlands. 

2. Wetlands. 

3. Woodlands. 

4. Wildlife habitat areas. 

5. Rugged terrain and high relief topography. 

6 .  Significant geological formations and physio- 
graphic features. 

7. Wet or poorly drained soils. 

Although the foregoing elements comprise the integral 
parts of the natural resource base, there are four addi- 
tional elements which, although not a part of the natural 
resource base per se, are closely related to, or centered 
on, that base and are a determining factor in identifying 
and delineating the environmental corridors. These addi- 
tional elements are: 

1.  Existing outdoor recreation and related open 
space sites. 

2. Potential outdoor recreation and related open 
space sites. 

3. Historic sites and structures. 

4. Significant scenic areas and vistas. 

The delineation of these natural resource and natural 
resource-related elements on a map of the Region results 
in an essentially lineal pattern encompassed in narrow, 
elongated areas which have been termed "environmental 
corridors" by the Commission. Primary environmental 
corridors are defined as those areas which encompass 
three or more of the aforementioned eleven environ- 
mental elements, whereas secondary environmental 
corridors are contiguous areas exhibiting one or two of 
the eleven necessary elements. 

Regional Environmental Corridors 
The vrimarv environmental corridors of southeastern 
Wisconsin as shown on Map 37 are found to occupy 
approximately 503 square miles of land and inland water 
area, or about 19 percent of the total area of the Region. 
Most of the primary environmental corridors lie along 
major stream valleys, surround major lakes, or are found 
in the Kettle Moraine area. It is important to note that 
the primary environmental corridors contain almost all 

of the remaining high-value woodlands, wetlands, and 
wildlife habitat areas within the Region in addition t o  the 
lakes and streams and associated undeveloped shorelands 
and floodlands. These corridors also contain manv of the 
best remaining potential park sites. The primary envi- 
ronmental corridors are, in effect, a composite of the 
best of the individual elements of the natural resource 
base of southeastern Wisconsin. 

Recent trends within southeastern Wisconsin have 
resulted in the encroachment of urban development 
into the primary environmental corridors. Unfortunately, 
unplanned or poorly planned intrusion of urban develop- 
ment into these corridors not only tends to destroy the 
very resources and related amenities sought by the 
development, but tends to  create severe environmental 
and developmental problems having areawide effects. 

The preservation of the primary environmental corridors 
from further degradation is one of the principal objec- 
tives of the adopted regional land use plan upon which 
the areawide water quality management plan is based. 
These corridors should be considered inviolate; their 
preservation in a natural, open state or in park and 
related open space uses, including limited agricultural and 
country estate type uses, will serve to  maintain a high 
level of environmental quality in the Region and protect 
its unique natural beauty. Secondary environmental 
corridors, also delineated by the Commission, should be 
at least partially retained in open space by using them as 
the basis for, or by integrating them into, greenways, 
drainageways, storm water retention basins, parks, and 
open spaces in developing areas of the Region. 

SUMMARY 

This chapter has described the man-made features and 
the natural resource base of the seven-county area 
which comprises the complex and changing environ- 
ment served by the Southeastern Wisconsin Regional 
Planning Commission. Each of the significant elements 
of the man-made and natural resource base has been 
identified and described, the spatial distribution and 
extent quantified, the quality characterized, and the 
relationships to  the areawide water quality manage- 
ment planning program identified. 

The population of the Region has been increasing at 
an average rate of about 21,970 persons per year from 
1950 to 1975, and as of 1975, totaled 1,789,871 persons. 
This rate of population growth is higher than state and 
national growth rates. Population growth within the 
Region has been occurring primarily in the newer out- 
lying suburban and rural-urban fringe areas of the Region, 
while the populations of the older central cities and 
suburbs of the Region have remained relatively stable 
or have actually declined. 

The population growth has been accompanied by marked 
changes in population characteristics. The composition 
of the population at the present time is only 12.4 percent 
rural. Moreover, of the total population, about 11 percent 
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is classed as rural nonfarm and only 1.4 percent as rural 
farm. Household sizes are declining and personal income 
has been increasing at a higher rate than has the total 
population. Thus, per capita and per household incomes 
have increased markedly over the last two decades, with 
the areas of highest average household income being 
located in the most rapidly growing newer suburban and 
rural-urban fringe areas of the Region. 

Employment opportunities have increased at a rate of 
approximately 9,000 jobs per year since 1950 to a current 
level of approximately 779,000 jobs within the Region. 
The economic factors which promote population growth 
and urbanization in the Region are largely centered in 
and around the major urban centers of Milwaukee, 
Racine, and Kenosha, although a diffusion of economic 
activity into the outlying areas of the Region is occurring. 

Land within the Region has been undergoing a particu- 
larly rapid conversion from rural to urban use. Recent 
urban development within the Region has been discon- 
tinuous and highly diffused, consisting primarily of 
many scattered, low-density, isolated enclaves of resi- 
dential development located away from established 
urban centers. The highly diffused nature of this recent 
urban development, along with a sharp decline in urban 
population density, has intensified many long-standing 
environmental problems of an unprecedented scale and 
complexity, including problems of water quality manage- 
ment. The concentration of urban development around 
the shorelines of many of the inland lakes within the 
Region has further intensified the need for water quality 
control measures in order to  assure protection and preser- 
vation of the natural resource base. 

There are a total of 95 centralized public sanitary sew- 
erage systems presently operated by utilities within the 
Region. These 95 systems serve a total area of about 
353 square miles, or about 13 percent of the total area of 
the Region, and a total population of about 1.54 million 
persons, or about 86 percent of the total population of 
the Region. A total of 61 sewage treatment facilities are 
currently operated by the utilities owning, operating, and 
maintaining the 95 public sanitary sewerage systems, with 
many of the utilities contracting with adjacent utilities 
for sewage treatment purposes. In addition, there are 
67 privately owned sewage treatment plants presently 
in operation within the Region. These generally serve 
isolated land use enclaves, mainly for industrial, com- 
mercial, and recreational enterprises. In all, then, there 
are 128 sewage treatment facilities within the Region. 

The construction of public sanitary sewerage and water 
supply facilities has not fully kept pace with the rapid 
urbanization of the Region, necessitating the widespread 
use of onsite sewage disposal systems. An estimated 
246,500 persons, or about 14 percent of the total popula- 
tion of the Region, rely on such septic tank sewage 
disposal systems. About half of the total area of the 
Region is covered by soils which are unsuitable for onsite 
sewage disposal facilities. 

There are a total of 55 urban storm water management 
systems in the Region, of which mapping is available for 
48 systems. These 48 systems drain a total area of about 
183 square miles, or about 7 percent of the Region, and 
the 48 civil divisions contain about 1.50 million persons, 
or about 84 percent of the total regional population. 

The Region is unusually rich with respect to water 
resources. Urban development located east of the sub- 
continental divide, which traverses the Region, can 
utilize both Lake Michigan and the two underlying 
ground aquifers as a source of supply. Urban devel- 
opment west of that divide must depend primarily 
upon the two groundwater aquifers. The location and 
timing of public water supply system service has gen- 
erally followed those of public sanitary sewerage service 
areas within the Region. Gas and electric power services 
can be considered readily available throughout the 
Region, and, therefore, do not constitute a major con- 
straint on the location or intensity of urban development 
within the Region. Transportation facilities similarly 
provide a very high level of service throughout the Region, 
with the extensively developed high-speed, all-weather 
highway system having had a particularly important 
influence on the spatial location of urban development 
within the Region in the recent past, although this 
influence has been significantly modified by the loca- 
tion within the Region of such natural resource base 
elements as streams, lakes, woodlands, wetlands, and 
fertile farmlands. 

The Region has a continental type climate characterized 
primarily by a continuous progression of markedly 
different seasons and a large range in annual temperature. 
This climate is distinguished in the Region by frequent 
distinct changes in weather conditions which, particularly 
in the winter and spring, normally occur once every two 
or three days. In addition to marked temporal weather 
changes, the Region exhibits spatial weather differences, 
the most significant of which is the summer cooling 
attributable to Lake Michigan experienced primarily by 
areas in close proximity to the lake. 

The annual temperature range, which is based on monthly 
means for six geographically representative observation 
stations, extends from a January low of 2 0 . 7 ~ ~  to  
a July high of 71.0~~. Precipitation within the planning 
region occurs as rain, sleet, hail, and snow. Precipitation 
events range in intensity, duration, and significance from 
gentle showers to destructive thunderstorms and major 
rainfall or rainfall-snowmelt events resulting in property 
and crop damage, inundation of poorly drained areas, 
and stream flooding. The annual total precipitation is 
31.26 inches expressed as water equivalent, with monthly 
averages ranging from a February low of 1.19 inches to  
a high of 3.77 inches in June. 

Snow is most likely to  occur in southeastern Wisconsin 
during the months of December, January, and February, 
and averages about 44.5 inches annually. Snow cover is 
of importance primariIy because the insulating capability 



of accumulated snow significantly influences the depth 
and duration of frozen ground which, in turn, directly 
influences agricultural activities and sanitary and storm 
sewerage system construction and maintenance activities, 
as well as the ability of sunlight to penetrate below 
frozen lakes, and thus the production of oxygen by 
aquatic plants. 

The groundwater within the Region provides an abundant 
source of generally high-quality water supply. The 
groundwater table lies at elevations of between about 
540 feet and 1,100 feet above mean sea level. For about 
12  percent of the land surface area of the Region, the 
vertical distance from the land surface to the seasonal 
high water table is between 0 and 10 feet, with 34 per- 
cent of the land surface area of the Region being more 
than 30 feet from the water table. The soil characteristics 
and subsurface geology of the Region cause about 18 per- 
cent of the land to be rated as high with regard to the 
potential for groundwater pollution; about 45 percent 
to be rated as moderate; and about 37 percent to be 
rated as low in its potential for groundwater pollution. 

The 2,689-square-mile Southeastern Wisconsin Region 
was once subjected to the influence of several stages 
of continental glaciation, the last of which, the Wis- 
consin stage, terminated about 11,000 years ago and 
largely determined the physiographic and topographic 
features of the entire Region. That glaciation provided 
southeastern Wisconsin with an interesting, varied, 
and attractive landscape exemplified by the Kettle 
Moraine area that is still very much in evidence because 
of the predominantly rural as opposed to urban and, 
therefore, altered nature of the existing land use pattern. 
Protection of the aesthetic quality as well as the educa- 
tional and recreational value of the Region's glacial 
landscape is largely dependent on future public policy 
with regard to the development and extension of public 
sanitary sewerage systems and private onsite sewage 
disposal systems. 

Regional surface drainage is characterized by a disordered 
dendritic pattern, primarily because of the heterogeneous 
nature of the glacial drift. There is a preponderance of 
ponds and lakes, and much of the Region is covered by 
wetlands, with many streams being mere threads of water 
through those wetlands. A major subcontinental divide, 
which bisects the Region such that 1,685 square miles, 
or 63 percent of the Region, drain toward the Mississippi 
River, while 1,004 square miles, or 37 percent of the 
Region, are tributary to the Great Lakes-St. Lawrence 
River drainage basin, determines the gross surface water 
drainage pattern and also creates certain legal and water 
use problems. 

The surface water drainage pattern of southeastern 
Wisconsin may be further subdivided so as to  identify 
11 individual watersheds, of which five-the Root River, 
Menomonee River, and Kinnickinnic River, Oak Creek, 
and Pike River watersheds--are wholly contained within 
the Region. In addition to the 11 watersheds, there 
are numerous small catchment areas contiguous with 
Lake Michigan that are drained directly to the lake by 

local natural streams and artificial drainageways; these 
areas may be considered as comprising a twelfth water- 
shed. The surface drainage pattern and location of water- 
shed boundaries are pertinent to  the areawide water 
quality management plan since emphasis on in-watershed 
solutions is one of the five basic principles formulated 
under the areawide water quality management plan- 
ning program. 

The glacial drift of southeastern Wisconsin is underlain by 
bedrock formations of the Cambrian through Devonian 
periods. The formations dip gently down toward the east 
at a slope on the order of 20 feet per mile, and attain 
a thickness in excess of 1,500 feet beneath the eastern 
boundary of the Region. The bedrock of the seven- 
county Region is, for the most part, covered by uncon- 
solidated glacial deposits that are more than 500 feet 
thick in some buried preglacial valleys. In contrast, there 
are approximately 150 square miles of southeastern 
Wisconsin, generally east of and parallel to the Kettle 
Moraine area, in which bedrock lies within 20 feet of 
the ground surface, and a few localized areas exist where 
bedrock is actually exposed. Outcrop areas and those 
portions of the Region having less-than 20 feet of glacial 
drift overlying the bedrock constitute an important 
consideration in the design and construction of private 
onsite sewage disposal systems and public sanitary 
sewerage systems, since the operation of the former 
is dependent on favorable soil characteristics while the 
latter involves extensive trenching and excavation. Out- 
crops and shallow drift areas also serve to identify those 
portions of the Region that are particularly susceptible 
to pollution of both the sand and gravel aquifer and the 
underlying dolomite aquifer as a result of malfunctioning 
septic systems, exfiltration from sanitary sewers, landfill 
leachates, and other diffuse pollution sources. 

The nature of surficial deposits and the characteristics 
of the bedrock are the two important geologic factors 
that determine, in conjunction with selected hydrologic 
and cultural considerations, the potential for land dis- 
posal of liquid wastes on a large scale. Geologic con- 
ditions within the Region are such that only a relatively 
small portion of the Region, consisting of the western 
one-half of Ozaukee County and scattered areas com- 
prising about one-half of Washington County, is well 
suited for the land disposal of treated sewage effluent. 

Sand and gravel, dolomite building stone knovai locally 
as lannon stone or limestone, and organic material are 
the three primary mineral and organic resources of south- 
eastern Wisconsin that have commercial value as a result 
of their quantity, quality, and location. As a result of its 
glacial history, the Region has an abundant supply of 
sand and gravel deposits, the most productive of which 
are concentrated in the Kettle Moraine area and are 
important sources of concrete aggregate and of gravel 
for general construction purposes. Depending on the 
nature of the deposits, particularly their depth and areal 
extent and the size of the gravel and rocks, sand and 
gravel deposits may seriously hamper trenching, excava- 
tion, and tunneling work. Niagara dolomite is mined in 
open quarries, most of which are located in Waukesha 



County, and supplies high-quality dimensional building 
stone and, when crushed, concrete aggregate and gravel 
for construction purposes. The presence of a quarrying 
operation in an area indicates relatively thin glacial 
deposits and close proximity of bedrock to the ground 
surface and is, therefore, an important consideration in 
the planning and conduct of construction projects, such 
as sanitary sewerage systems, that entail extensive trench- 
ing and excavation. 

Organic deposits are widely distributed throughout the 
Region in small, scattered, low-lying, poorly drained 
areas, and form the basis for wildlife, wetland, and 
recreation areas. Because of the fertilization potential, 
organic deposits have commercial value in their ability 
to support certain field and specialized crops as well as 
sod farming and peat mining. Organic deposits identify 
areas having severe limitations for development of onsite 
sewage disposal systems because of poor drainage charac- 
teristics and because of potential infiltration problems 
through sewer pipe joints and cracks. Also, organic 
deposits complicate the construction of sanitary sewerage 
systems because of the difficulty of operating heavy 
equipment on them and of working with them. 

A wide variety of soil types have developed in south- 
eastern Wisconsin as a result of the interaction of parent 
glacial deposits covering the Region; the resulting topog- 
raphy; the climate; the plants and the animals; and time. 
As a result of a detailed soil survey, all the diverse soil 
types of a detailed soil survey, all the diverse soil types 
of southeastern Wisconsin have been mapped; and their 
physical, chemical, and biological properties have been 
identified. Also, interpretations have been made for 
planning purposes. Soil survey data and interpretations 
reveal that approximately 716 square miles, or about 
27 percent of the Region, are covered by soils that are 
poorly suited for residential development with public 
sanitary sewer serivce; approximately 1,637 square miles, 
or about 61  percent of the Region, are poorly suited for 
residential development without sanitary sewer service on 
lots smaller than one acre in size; and about 1,181 square 
miles, or approximately 44 percent of the Region, are 
poorly suited for residential development without public 
sanitary sewer service on lots one acre or larger in size. 

Historically, vegetational patterns in southeastern Wis- 
consin were determined by natural factors suchas climate, 
disease, glacial deposits, soil type, fire, topography, and 
drainage characteristics, but since his settlement of the 
Region, man has increasingly influenced the quantity and 
quality of woodlands, wetlands, and aquatic vegetation. 
In 1970, woodlands comprised 125,300 acres, or approxi- 
mately 7 percent of the regional land area. In addition to 
commercial value, woodlands have significant aesthetic 
value when viewed in conjunction with the beauty of the 
Region's lakes, streams, and glacial land forms. Wetlands, 
which covered about 180,800 acres, or about 11 percent 
of the sevencounty Region in 1970, attenuate peak flood 
flows, protect stream water quality by serving as nutrient 
and sediment traps, and provide necessary wildlife habitat. 

Lakes, streams and their floodlands, and groundwater, 
which comprise the water resources of southeastern Wis- 
consin, constitute the most important single natural 
resource category because of their multifaceted functions 
including support of numerous, popular water-oriented 
recreation activities; habitat for fish and wildlife; desirable 
sites for vacation homes and permanent residential devel- 
opments; and provision of water for domestic, municipal, 
and industrial water users. The Region contains 1,148 
lineal miles of major streams and 100 major lakes, the 
latter having a total surface area of 57 square miles, or 
about 2 percent of the area of the Region. The major 
lakes provide a total shoreline length of 448 miles. 

These surface water resources, in general, and many of 
the streams in the Region in particular, are vulnerable 
to pollution because the low flows are small relative to  
forecast municipal treatment plant discharges. 

Commission studies indicate that many of the major 
lakes and many miles of major streams in the planning 
Region are being degraded as a result of man's activities 
to the point where they now have, or will in the future 
have, little or no value as recreational areas, as desirable 
locations for controlled water-oriented residential devel- 
opment, or as aesthetic assets of southeastern Wisconsin. 
In general, the surface waters of the Region may be 
characterized as being highly polluted. Surface water 
degradation is primarily attributable to mismanagement 
of human wastes and poor land management practices. 
Therefore, the areawide water quality management plan- 
ning program has the potential to  protect the Region's 
surface water resources. 

Approximately 7 to 10 percent, or 188 to 260 square 
miles, of southeastern Wisconsin is estimated to  lie within 
the inundation limits of a 100-year recurrence interval 
flood event. The 100-year floodplain has been delineated 
for approximately 530 lineal miles of major stream 
channel in the Root, Fox, Menomonee, Milwaukee, and 
Des Plaines River watersheds within the seven-county 
Region. This floodplain serves to  identify those portions 
of the Region poorly suited for urban development 
because of flood hazards, high water tables, inadequate 
soils, and high cost for public utilities and services such 
as sanitary sewerage systems. At the same time, this 
floodplain identifies areas well suited for much needed 
open space uses. Regional land use policies in general, 
and areawide water quality management planning and 
development policies in particular, should direct urban 
development to  more suitable areas outside of the flood- 
plain areas, thereby reserving the floodplain for open space 
uses consistent with the underlying natural resource base. 

Groundwater is the principal source of water supply for 
about two-thirds of the water utilities operating within 
the Region, for about 1 3  percent of the resident popula- 
tion of the Region served by such utilities, and for many 
industries. Groundwater also sustains lake levels and 
provides the base flow of streams. The aquifers lying 
beneath the Region, which attain a combined thickness 



in excess of 1,500 feet in the east, may be subdivided 
so as to  identify three distinct groundwater sources. In 
order from the land surface downward they are the 
sand and gravel deposits in glacial drift, the shallow 
dolomite strata in the underlying bedrock, and the deeper 
Cambrian period and Ordovician period strata composed 
of sandstone, dolomite, siltstone, and shale. Regional 
groundwater quality is generally good, although it is very 
hard so that softening is required for most uses. Regional 
development must be managed to protect the valuable 
groundwater resources, with particular emphasis on public 
sanitary sewerage systems, private onsite sewage disposal 
systems, and sanitary land fills, since these uses may 
easily contaminate the surficial sand and gravel aquifer 
and also have the potential to pollute the underlying 
dolomite aquifer in areas where it is creviced and covered 
by thin, permeable, glacial deposits. 

The lakes and streams within the seven-county Region 
are capable of supporting a limited fishery relative 
to  the heavy fishing demand that is placed on them. 
A 1970 wildlife habitat inventory revealed that about 
103,000 acres, or 6 percent of the Region, contained 
high-quality wildlife habitat furnishing food and cover 
for small upland game, larger predators, game birds, and 
fish. Wildlife habitat areas constitute both a valuable 
recreation resource and an aesthetic asset, the protection 

of which is strongly dependent on rational land use-in 
particular, policies pertaining to  areawide water quality 
management planning. 

The delineation of selected natural resource and natural 
resource-related elements on a regional map produces an 
essentially lineal pattern encompassed in narrow, elon- 
gated areas which have been termed "environmental cor- 
ridors" by the Southeastern Wisconsin Regional Planning 
Commission. Primary environmental comdors occupy 
approximately 503 square miles, or 19 percent, of the 
planning Region, and contain almost all of the remaining 
high-value wildlife habitat areas and woodlands within 
southeastern Wisconsin; most of the wetlands, lakes and 
streams, and associated floodlands; as well as many 
significant physiographic features and historic sites. The 
primary environmental corridors are a composite of the 
best of the individual elements comprising the natural 
resource base of southeastern Wisconsin. The preservation 
of these primary environmental comdors in a natural 
state or in park and related open space uses, including 
limited agricultural and country estate-type use, is essen- 
tial to  the maintenance of a high level of environmental 
quality in the Region and to the protection of its natural 
beauty, and as such is one of the principal objectives 
of the adopted regional land use plan upon which the 
areawide water quality management plan is based. 



Chapter IV 

EXISTING AND HISTORICAL WATER QUALITY 

INTRODUCTION 

The development of areawide water quality management 
plans requires the collection of definitive data on the 
existing level of water quality in the streams and lakes 
of the planning area and an evaluation of the ability 
of those levels to support existing and proposed water 
uses. Ideally such data would be collected over a long 
period. Unfortunately, such long-term historic data 
are usually unavailable. 

sion has prepared a uniform, areawide characterization 
of existing surface water quality conditions through 
the simulation of such conditions as of 1975. This 
characterization as presented in Volume Two of this 
report includes an assessment of the probability of 
achieving the established water use objectives and sup- 
porting standards, and provides a more comprehensive 
assessment of existing water quality conditions, based 
on simulation modeling, than does the analysis rendered 
in this chapter, which compares specific instantaneous 
stream sampling observations to the state and federally 

An important exception are the data provided by the adopted standards. The data and analyses presented 
major benchmark study of surface water quality con- in this chapter, however, are intended to comprise an 
ducted by the Regional Planning Commission in 1964 important independent check on the simulation modeling 
and the continuing water quality monitoring program study results. 
carried out by the Commission since then. Under these 
Commission programs, an extensive set of water quality 
data have been obtained at 87 sampling stations located 
at strategic points on the stream network of the Region. 
This collection of data on historic streamwater quality 
conditions in the Region is presented, evaluated in light 
of established water use objectives and standards, and 
analyzed in relation to existing sources of pollution in 
SEWRPC Technical Report No. 17, Water Quality of 
Lakes and Streams in Southeastern Wisconsin: 1964-1975. 

- 

As part of the areawide water quality management plan- 
ning program, three additional supplementary sets of 
data have been developed. In special studies of 13  major 
inland lakes, the Commission has obtained valuable lake 
water quality data for use in the preparation of special 
lake water quality management reports to be published 
separately from this planning report. The lake water 
quality data, however, were also utilized in the calibra- 
tion and application of the water quality simulation 
model, which is an important analytical tool in the 
areawide water quality management planning program. 
In order to calibrate the simulation model for the surface 
water network, the Commission also obtained detailed 

Presettlement Water Quality Conditions 
Few documents exist which set forth the condition 
of the streams and lakes of the Region prior to and 
immediately after settlement of the Region by Europeans 
in 1836. The Commission reviewed the few available 
documents, and the results from some are cited here. 
Other historical records, such as the notes documenting 
the original U. S. Public Land Survey, did not contain 
any specific historic water quality information, although 
those records do provide an invaluable record of preset- 
tlement land cover and other thenexisting physiographic 
features of the landscape. 

The surface waters of the streams and lakes of south- 
eastern Wisconsin contain many substances which are 
not introduced by the activities of man, but are derived 
instead from natural sources, including soils, underlying 
bedrock, plants, and animals, which all affect the back- 
ground levels of water quality. These natural processes 
were at work prior to human settlement of the Region, 
but may have been accelerated by human activities. 

During the late 1830's and early 1840's, the streams and 
streamwater quality data during storm runoff events at lakes of the seven-county area had not yet begun to show 
36 sampling stations in the Region, including 23 of the any visible signs of degradation as a result of man's activi- 
87 Commission strearnwater quality sampling stations. ties. In 1846, Increase A. Lapham, a prominent early land 
A total of 1,067 samples were collected from Sep- surveyor, civil engineer, and natural scientist of the 
tember 18, 1976 through April 6, 1977 during runoff Region, thus described the streams and lakes: "Many 
events. In addition, diurnal sampling was conducted at of them [lakes] are the most beautiful that can be 
each of the remaining 64 of the basic 87 Commission imagined-the water deep and of crystal-clearness and 
sampling stations during the period from September 22, purity surrounded by sloping hills and promontories 
1976 through November 4, 1976. Although this was covered with scattered groves and clumps of trees. All 
a period of relatively little precipitation, the sampling the principal rivers are, however, navigable for canoes. 
program did obtain samples from at least one storm event Their waters usually originate in springs and lakes of pure 
at each sampling station. These data are all on file and and cold water." ' 
available at the Commission offices. 

In addition to  the data on the historical and existing 
water quality conditions of the streams and maior inland 
lakes of the Region, presented in very brief "summary ' I .  A. Lapham, Wisconsin, Its Geography and Topog- 
form in this chapter, it should be noted that the Commis- raphy, History, Geology, and Minerology, 1846, p. 14-1 5. 



Similar statements with regard t o  other major streams 
and rivers within southeastern Wisconsin have been 
found: "The  early settlers test i fy  that  when they  first 
knew Poplar Creek in  the  Fox River watershed, so named 
for the poplar trees along the banks, i t  contained trout."' 
And in  1875,  James S.  Buck described the lower Mil- 
waukee River as i t  appeared i n  1836 (see Map 38 ) :  "While 
between t hem [b lu f f s ]  ran the river, like a silver thread 
[no t  the filthy sewer i t  is today,  but  a clear stream] in 
which the  Indian could detect and spear a fish at the 
depth o f  1 2  and even 18 feet and upon whose surface 
sparkled the  rays o f  the morning sun as upon a mirror." 
These comments o f  1875 indicate that a distinct decline 
in water quality occurred over the  period 1840-1880. 

As the settlements grew rapidly in  the early 1840's, 
aesthetic pollution began t o  become more noticeable 
in the  major rivers flowing through the  larger population 
concentrations. A foreigner visiting Milwaukee in  the 
early 1840's told h o w  wooden sidewalks lined muddy  
streets and the  gutters--a row o f  flat stones in the center 
o f  the  street-ran with "liquid filth7' directly into the  
Milwaukee River. Nobody bothered about providing 
even an outhouse. Milwaukee citizens just emptied the 
contents o f  the chamber pots into the  streets each 
morning. Sometime in  the  late 1840's, civic-minded 
citizens became so upset with the resulting filth that 
the  first city sewer was constructed. Built o f  planks 
buried under what is n o w  Wisconsin Avenue, i t  extended 
from the river t o  the base o f  the rise at about what is 
now  N. 6 t h  Street, hiding the sewage from view o f  
visitors t o  the  downtown area. Within 30  years, i t  had 
become common knowledge that  sewage was a carrier o f  
typhoid and cholera, and the stench o n  warm summer 
days was so intense that citizens began t o  complain about 
the filthy conditions o f  the river.4 

By the 1880's outlying rural areas were still relatively 
unaffected b y  water pollution resulting from man's 
activities. Early newspaper reports indicate the  pristine 
nature o f  the  streams and lakes in Walworth, Waukesha, 
Washington, Racine, Ozaukee, and Kenosha Counties, 
with large numbers o f  ducks and other wildlife and 
game fish inhabiting the  area. Unfortunately, n o t  unlike 
the  rivers near the  by-then highly urbanized City o f  
Milwaukee, the  rural lakes and streams gradually began 
t o  exhibit water quality degradation in the early 1900's 
as indicated b y  documented demands for carp eradication 
o n  Oconomowoc ~ a k e ; ~  dissolved oxygen depletion in 

History o f  Waukesha County, Western Historical Com- 
pany, 1880, P. 318. 

3History of Milwaukee, Wisconsin, Western Historical 
Company, 1881, Chapter III, p. 105. 

4Milwaukee Sentinel, "Milwaukee River Remains Just an 
ugly Duckling," December 3, 1968. 

50conomowoc Enterprise, "Oconomowoc Yesteryears," 
January 29,  1970. 

the hypolimnion6 o f  Okauchee and Pike Lakes; and 
significant algal growth in the upper and lower depths 
o f  Geneva ~ a k e ?  No longer did the  streams and lakes 
within the  major watersheds o f  the  Region flow with 
pristine waters. 

As technology improved and advanced, raw sewage 
was collected and channeled in  underground pipes, 
out  o f  sight o f  the city dwellers, t o  be discharged t o  
the rivers and lakes o f  the  Region, at first untreated; 
later the sewage was treated b y  primary sewage treatment 
plants; and still later i t  was treated b y  more advanced 
secondary treatment plants. Although collection and 
treatment o f  the  raw sewage in the  urbanized areas 
helped t o  reduce the degradation o f  the streams and 
lakes in  that area, pollution from man's activities con- 
tinued and intensified from the  period o f  the  early 1900's 
through the  mid-1970's-leading t o  t he  conditions as 
reported in this chapter. 

Impact o f  Human Activities on  Water Quality 
Human activities contribute significant amounts o f  - 
pollutants t o  the surface waters o f  the Region, thereby 
impairing desirable water uses. More specifically, raw 
sewage discharged from both  separate and combined 
sewer overflow points; sewage treatment plant e f f luent ;  
industrial wastewaters; quarry discharges; leachate and 
runo f f  from poorly designed and managed solid waste 
disposal sites; runo f f  f rom construction sites; fertilizer 
runo f f  from lawns and golf courses; stream and lake 
dredging; rainfall and snowmelt runo f f  from streets, 
highways, parking lots, and other urbanized areas; and 
rainfall and snowmelt runo f f  f rom croplands, livestock 
operations, and other rural land uses all contribute t o  
water quality degradation. Selected examples are illus- 
trated in Figures 17 through 28. These various point 
and nonpoint sources introduce organic pollutants 
which consume the  oxygen needed b y  aquatic l i f e ;  
nutrient pollutants which stimulate undesirable plant 
growth; chemical pollutants which can cause an unhealthy 

61n lakes deeper than about 20 feet, three separate zones 
or layers of water tend to  develop during the summer 
months. The upper zone, or epilimnion, consists o f  
a well-mixed layer o f  relatively warm water o f  uniform 
temperature. The  bottom zone, or hypolimnion, consists 
o f  the densest, coldest water in the lake. These two  
zones are separated by a layer of water known as the 
thermocline, in which there is a rapid drop in tempera- 
ture, with increasing depth. The  thermocline acts as 
a barrier that prevents mixing o f  the upper layer o f  
water with the bottom layer of water and thus main- 
tains the thermal stratification of the lake during the 
summer months. 

7Edward A Birge and Chancey Juday, 'Tnland Lakes 
of Wisconsin, the Dissolved Gases o f  Water and Their 
Biological Significance," Wisconsin Geological and 
~ a t u r a l    is to& ',Survey, Bulletin No.  ~ ~ ~ ~ , - ~ c i e n t i f i c  
Series No.  7, 1 91 1. 



Map 38 

DEPICTION OF THE MILWAUKEE, MENOMONEE, AND KlNNlCKlNNlC HARBOR AREAS PRIOR TO EUROPEAN SETTLEMENT 

ORAPHIC SCALE 

I n  1836 the Milwaukee River, as the first European settien found it, flowed into Lake Michigan through a rwamlly delta. Thewstland* herepar in the rest of the 
Region. would have protected the flowing streams against me effects of storm water runoff. The outlet of the river then was about a half-mile ~ o u t h  of the present 
~ f f i o w  through the harbor enrrance. Waterway modifications of the sort which oceurred in this portion of ?he Region change the hydrologic, hydraulic, and fish 
and wildlife habitat conditions $0 greatly that long-term e~mpsrironr are of litt le value. 

Source: Milwaukee County Historical Society 



Figure 17 Figure 19 

RESIDENTIAL LAND UNDER DEVELOPMENT 

Example of Urban Nonpoint Pollution Source 

INDUSTRIAL LAND USE 

Example of Urban Nonpoint Pollution Source 

SEWRPC Photo. 

Figure 18 

RESIDENTIAL LAND UNDER DEVELOPMENT- 
RESULTS OF INADEQUATE TOPSOIL COVER 

Example of Urban Nonpoint Pollution Source 

Photo Courtesy of Milwaukee County Park Commission. 

Figure 20 

ILLEGAL LAKE FILLING DURING DEVELOPMENT 

Example of Rural Nonpoint Pollution Source 

SEWRPC Photo. 

environment for flora and fauna, and for humans; thermal 
pollutants which affect the balance and dynamics of 
natural, chemical, and biological processes; floating trash 
and debris and other materials which cause aesthetic 
pollution and interfere with the enjoyment of lakes 
and streams; and radioactive pollutants which may be 
hazardous to  all forms of life. These forms of pollution 
produce varying effects upon the streams and lakes of 
the Region. Because of the lack of data, this chapter 
and the parent technical report address the radioactive 
or chemical pollutants only to  a very limited degree. 
A comprehensive inventory of pollution sources was 

SEWRPC Photo. 

conducted, and the results are reported by watershed 
in Volume One, Chapter V of this report, and more 
fully in SEWRPC Technical Report No. 21, Sources of 
Water Pollution in southeastern Wisconsin: 1975. 

Current Water Quality and Recent Trends 
Commission studies have clearly shown that human 
activities have altered the quality of the surface waters 
of southeastern Wisconsin to such an extent that in many 
areas these waters do not meet established water use 
objectives and standards. In order to reduce the massive 
amount of water quality data collected and collated 



Figure 21 

INSTALLATION OF SANITARY SEWER 

Example of Urban Nonpoint Pollution Source 

Figure 23 

SANITARY SEWER FLOW RELIEF PUMPING STATION 

Example of Urban Point Pollution Source 

SEWRPC Photo. 

Figure 24 

MANURE-SPREADING OPERATION 

Example of Rural Nonpoint Pollution Source 
SEWRPC Photo. 

Figure 22 

EROSION ON A SKI HILL 

Example of Urban Nonpoint Pollution Source 

SEWRPC Photo. 

SEWRPC Photo. 

under the Commission water quality monitoring efforts 
to  a more readily understandable summary form, the 
Commission developed a water quality index based upon 
the six water quality parameters of dissolved oxygen, 
fecal coliform, pH, chloride, nitrate-nitrogen, and total 
phosphorus. For each water quality sample analyzed, 
the observed level of each of the six selected parameters 
was assigned a score in the range of from 0 to  100. 
The parameter scores were then combined to prepare 
a general water quality index classification for each 
sampling station. The resulting ratings for 1964 and 1975 
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Figure 26 

AERIAL PHOTOGRAPH SHOWING I N L A N D  LAKE W I T H  EXCESSIVE MACROPHYTE A N D  ALGAE GROWTH 

West End of Lake Wandawega. Walworth County. Wisconsin 

This figure illustrates an inland lake with large quantities of aquatic vegetation which impair the desirable recreational uses of that portion of the lake due to large 
quantitie~ of nitrogen and Phosphorur entering the lake from upstream pollutant sources such ar sgricvltural runoff and malfunctioning septic tanks, all ar a result 
of human activities. 

Photo Courtesy of Wisconsin Department of Natural Resources. 

use objectives and supporting standards as will be set 
forth in Volume Two, Chapter I1 of this report. The 
resulting assessment, summarized on Map 39 in this 
chapter, serves along with the simulated water quality 
conditions to be presented in Volume Two, Chapter IV 
of this report as a basis for the evaluation of alternative 
water pollution control plans for the Region. 

In addition, 65 of the 100 major lakes in the Region have 
been classified and are discussed according to trophic 
status. The classification was conducted by .the University 
of Wisconsin Water Resources Center and published 
by the U. S. Environmental Protection Agency (EPA) in 

June 1916,~ and considered the dissolved oxygen levels 
in the hypolimnion, water clarity, the history of fishkills, 
and the levels of use impairment caused by algae and 
abundant weed growth. These trophic ratings are also 
reported in the following descriptions of water quality 
conditions by watershed, as are the assessments of lake 
water quality conditions-based on the limited data 

U. S. Enuironmental Protection Agency, Lake Classifica- 
tion-A Trophic Characterization of Wisconsin Lakes, 
EPA Report No. 660/3-75-033, June 1975. 



AERIAL PHOTOGRAPHS OF RESIDENTIAL LAND USES OF VARYING 
DENSITIES AND ATTENDANT NONPOINT POLLUTION POTENTIAL 

HIGH-DENSITY RESIDENTIAL LAND USE 

U. S. Public Land Survey 
Section 3, Town 7 North, Range 21 East, 

City of Milwaukee. Milwaukee County, Wisconsin 

LOW.DENSITY RESIDENTIAL LAND USE 

U. S. Public Land Survey 
Section 21, Town 7 North, Range 20 East, 

City of Brookfield, Waukesha Countv, Wisconsin 

MEDIUM-DENSITY RESIDENTIAL LAND USE 

U. S. Public Land Survey 
Section 35, T o m  6 North. Range 21 East, 

Village of Greendale, Milwaukee County. Wisconsin 

LOW-DENSITY SUBURBAN RESIDENTIAL LAND USE 

U. S. Public Land Survey 
Section 19, Town 6 North, Range 18 East, 

Town of Generee, Waukesha County. Wisconsin 

Conlaminafed runoff from urban land user including tran$portstion, indurtry and eommercisl. and residential acfivitiessll contribute to the surface water degrade- 
tion within the Region. Oils and greases, chlorides, nutrients and other organics, and sediments add to  the pollutant l o a h  from the contaminatedrunoff already 
carried within the surface waters from the upstream land user, such ar agricultural, silvicultural, and very lowdenoity suburben residential land user. 
Source: SEWRPC 
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AERIAL PHOTOGRAPHS ILLUSTRATING WETLANDS BEFORE AND AFTER FILLING 

U. S. Public Land Survey 
Section 5, Town 7 North, Range 20 East, 

Town of Brookfield, Waukesha County, Wisconsin 

Before Filling-March 28, 1983 After Filling-May 10,1975 

availableagainst the Commission staff interpretations 
o f  the 1976 adopted water use objectives and sup- 
porting standards.1° 

DES PLAINES RIVER WATERSHED 

Water Quality Conditions 
The Des Plaines River watershed is located in the south- 
easterly portion o f  the Region. The watershed is only 
partly contained within the Region, the Des Plaines River 
rising in Racine County and flowing approximately 
22 miles southerly and easterly in Kenosha County 
before crossing the state line into Illinois. The geographic, 
physical, economic, and demographic features o f  the 
watershed are described in Volume One, Chapter I11 o f  
this report. 

' O  I t  should be noted that a new body o f  scientific 
knowledge has been euoluing in the assessment o f  the 
trophic status of inland lakes and associnted water 
quality conditions. Recent research conducted at the 
Uniuersib o f  Wisconsin in Madison indicates that remote 
sensing using satellite imagery (LANDSAT) can provide 
extensive and frequent-the satellite overflights occur 
about every 18 days-suruey data for leuels of aquatic 
plant activity for both algae and rooted macrophytes, 
in Wisconsin lakes. This monitoring technique is rapidly 
becoming a pmctical and cost-effectiue tool in water 
quality management. Unfortunately, the historic record 
auailable at the writing o f  this report is associated with 
recent research actiuities, and the interpretation o f  the 
significance of the data has only recently become a rou- 
tinely operational technique for nonresearch applications. 
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Water Quality Conditions: 1964-1965: The 1964-1965 
Commission benchmark streamwater aualitv studv . " 

included the operation of three sampling stations in 
the watershed, one on Brighton Creek and two on the 
Des Plaines River as shown on Map 40. The chloride 
concentrations for 1964-1965 at the two sampling 
stations ranged from 20 to 105 milligrams per liter 
(mg/l), indicating that the chloride levels were higher 
than the normal background concentration1' of 10 mg/l 
and thereby reflecting a chloride impact upon the stream 
from human sources. The sampling station situated on 
Brighton Creek, a first rank tributary to  the Des Plaines 
River, also exhibited chloride concentrations higher 
than background levels, with ranges of 15  to 30 mg/l. 
These higher chloride concentrations and loads may be 
attributed to the effluent from the Village of Paddock 
Lake sewage treatment plant, the effluent from the 
Town of Salem Sewer Utility District No. 1 sewage 
treatment plant, and the runoff of septic tank effluent 
from unsewered areas such as Montgomery Lake. 
Chloride concentrations may also be attributed to com- 
munity and street salting operations during the winter 
months. The concentration of dissolved oxygen during 
the 1964-1965 sampling period ranged from 2.1 to 
13.9 mgll. Substandard concentrations of less than 
5.0 mg/l of dissolved oxygen were found during the 
summer months at both sampling station locations on 
the main stem of the Des Plaines River. High total coli- 
form counts were found at all three sampling station 
locations and ranged from 100 to 56,000 membrane 
filter coliform counts per 100 milliliters (MFCC/100 ml). 
Drainage from agricultural land, wastes from malfunc- 
tioning private onsite sewage disposal systems, and wastes 
from wildlife and domestic animals are some of the 
probable sources for this indicated contamination. The 
specific conductance values, which ranged from 430 to 
825 micro-mhos per centimeter (umhos/cm) at 2 5 O ~ ,  
were found to be high at all three sampling locations, 
with the highest values found at the downstream sam- 
pling station located on the Des Plaines River near the 
state line, indicating higher levels of dissolved solids 
in the stream flow at that station. Temperature and 
pH values (hydrogen ion concentrations) showed no 
appreciable changes during the sampling period. 

Water Quality Conditions: 1965-1975: The 1965-1975 
Commission stream water quality monitoring effort 
included continued sampling at the three  omm mission 
stations and collecting data available from one Wisconsin 
Department of Natural Resources (DNR) sampling sta- 
tion established in the watershed as shown on Map 40. 
A range of 6.0 to 168 mg/l of chloride was observed 
during the sampling periods with no significant change in 
water quality conditions at the two main stem stations 

l '  The background concentrations o f  chloride cited here 
and in the following sections o f  this chapter are based on 
C.L.R. Holt, Jr. and E.L. Skinner, Groundwater Quality 
in Wisconsin through 1972, U. S. Geological Survey and 
University of Wisconsin-Extension, Information Circular 
No. 22, 1973. 

or the Brighton Creek station. The water quality for 
dissolved oxygen in the Des Plaines River watershed 
showed no significant change as compared to the 
1964-1965 sampling period and ranged from 1.9 to  
13.7 mg/l. Review of the fecal coliform data over the 
period exhibited ranges of 30 to  7,600 membrane filter 
fecal coliform counts per 100 milliliters (MFFCC/100 ml) 
with no significant trends noted. Specific conductance 
ranged from 430 to 1,026 umhos/cm at 25OC. No trends 
were noted as the dissolved solids in a stream are 
also a function of precipitation. The concentrations 
for ammonia-nitrogen (NH3-N) ranged from 0.09 to 
0.44 mg/l, with only one recorded value greater than 
0.4 mg/l, the level recommended by the Commission 
to support a warmwater fishery and other aquatic life. 
Generally, a slight improvement in ammonia-nitrogen 
levels has been noted at all three stations since sampling 
for this parameter began in 1972. However, the nutrient 
concentrations for total phosphorus, which ranged from 
0.04 to 2.0 mg/l, have indicated relatively little change 
since 1964. 

The diurnal water quality data for the Des Plaines River 
and Brighton Creek show a broad range of dissolved 
oxygen concentrations, from 3.9 to 12.5 mg/l over 
a 24-hour period, reflecting the dissolved oxygen reduc- 
tions due to respiration by the aquatic plants and decom- 
position of organic matter in the stream and dissolved 
oxygen supersaturation effects of algal photosynthesis. 
In addition to exhibiting marked diurnal fluctuations, 
water quality in the Des Plaines River watershed exhibits 
spatial variation. Overall, the water quality of Brighton 
Creek remained better than that of the Des Plaines River 
main stem as measured by dissolved oxygen, chloride, 
and total phosphorus concentrations. Fecal coliform 
bacteria and ammonia-nitrogen conditions, however, were 
poorer. The water quality of the Des Plaines River near 
the state line was generally better than that in the head- 
water area as measured by the lower values for specific 
conductance, chloride concentration, and fecal coli- 
form counts. 

Compliance with Water Quality Standards 
Although remaining generally constant over the decade, 
the Des Plaines River and Brighton Creek, which are both 
designated for recreational use and for the maintenance 
of a warmwater fishery and aquatic life, did not meet 
the water quality standards adopted by the Wisconsin 
Department of Natural Resources for dissolved oxygen 
and fecal coliform counts in 1975. Total phosphorus con- 
centrations were found to be significantly higher than the 
level of 0.1 mg/l recommended by the Commission. 
Ammonia-nitrogen met the adopted standard of 0.4 mg/l 
at all stations in the 1975 sampling analyses. 

Lakes George, Hooker, Benet/Shangrila, and Paddock are 
the major lakes-lakes of 50 acres or more-in the Des 
Plaines River watershed. Their recommended water use 
objectives are for recreational use and the maintenance of 
a warmwater fishery and other aquatic life. Table 27 
presents an assessment of the lake water quality standards 
as applied to the four major lakes. Lakes George and 
Paddock, for which complete water quality data were 





available, violated the standard for both inorganic phos- 
phorus (P04P) and total phosphorus. In addition, George 
Lake and Benet/Shangrila Lake violated the dissolved 
oxygen standard on one occasion. 

The three sampling stations operated by the Commission 
have provided information on water quality in the larger, 
continuously flowing streams which total 16.3 miles 
tributary to  and inclusive of the Des Plaines River. 
A comparison of the August 1964 data to the applicable 
1976 DNR-adopted water quality standards indicates that 
40 percent, or 6.45 miles, of the stream reaches sampled 
violated the standards for one or more parameters. In 
August 1975, by comparison, all of the stream reaches 
sampled-16.3 miles-were in violation of one or more of 
the identical standards, indicating degradation of water 
quality in 1975 as compared to 1964. Table 28 indicates 
the water use objectives and supporting standards vio- 
lated during the period of 1964 through 1975. 

General Water Quality Ratings 
Table 29 sets forth the water quality index classifi- 
cations for the three Commission-operated sampling 
stations in the watershed. As indicated by the index, the 
1964 water quality of the Des Plaines River was gener- 
ally fair, with Brighton Creek recording excellent water 
quality. In August of the years 1974 and 1975 all three 
sampling stations in the Des Plaines River watershed 
indicated that fair conditions existed. Overall, there was 
no change in the general watershed rating of fair in 
1974-1975 as compared to  1964 conditions. 

Of the four major lakes located within the Des Plaines 
River watershed, three have a maximum depth of 20 feet 
or greater and are likely to stratify during the summer 
season. Dissolved oxygen profiles prepared for these four 

major lakes indicate that two of four lakes exhibit less 
than 1.0 mg/l dissolved oxygen levels in their lower layers 
(hypolimnion). Such levels may adversely affect fish 
and other aquatic life in the lakes. The dissolved oxygen 
concentrations in the epilimnion are generally above 
7.0 mg/l in all four lakes. When assessing the trophic levels 
for two of four major lakes in the Des Plaines River 
watershed for which data are available, Paddock Lake is 
classified as mesotrophic and Benet/Shangrila is classified 
as very eutrophic as determined by the dissolved oxygen 
levels in the hypolimnion, water clarity of the lake, 
history of fishkills, and use impairment caused by algae 
and weed abundance.12 

l2  U. S. Environmental Protection Agency, Lake Clas- 
sification-A Trophic Characterization o f  Wisconsin 
Lakes, - EPA Report No.  660/3-75-033, June 1975. 
This report and others pertaining to trophic status 
o f  lakes generally recognize three classifications of 
trophic status. These classifications consider water 
clarity; chemical parameters; biological parameters, 
including algae and macrophyte growth; physical char- 
acteristics; recorded fishkills; or combinations o f  these. 
The three classifications are reflective of the natural or 
human-induced rates of aging or in-filling experienced 
by the lakes. "Eutrophic" lakes are generally shallower, 
enriched by nutrients and organic matter, and exhibit 
low water clarity, "Very eutrophic" or "dystrophic" are 
terms sometimes used for extreme cases of eutrophic 
lakes. "Mesotrophic" lakes may be of moderate depth, 
and exhibit less nutrient and organic enrichment, as well 
as higher levels of water clarity. "Oligotrophic" lakes are 
relatively deep, low in nutrient content and organic 
matter, and exhibit higher levels of water clarity. 

Table 27 

COMPARISON OF OBSERVED WATER QUALITY CONDITIONS TO 1976 LAKE WATER USE OBJECTIVES 
AND SUPPORTING WATER QUALITY STANDARDS IN THE DES PLAINES RIVER WATERSHED 

Applicable 
0b)ectlvea 1 

George 

Hooker. 

Paddock. 

1976-19777 Ysr 

September 13. 1973 Yes 

1973 1975 Yes 

Ysr 

N I A  

Yes 

Apnl 11.1977 

N I A  

Aprn 8.1974 

NiA 

September 17. 1973 
November 27. 1973 
April 8, 1974 
November 28. 1974 
April 28.1975 

~ e ~ t e m b e r  17, 1971 1 
Aprd 8. 1974 
November 22.1974 

Shangr8lalBsnet 2 Septsmber 18. 1973 Ysa N i A  September 18. 1973 N I A  N l A  NIA 

NOTE: N/A rnd#cafes data no? averlable. 

a There are three cafegoner of in,oal recommended wafer use objectives: I1 limited firhew andsquaac life. recresfronsl use, 21 warmwater fishery andaqvacrc 1,fe. recreafional use;and 31 trout fishery and aquatrc bfe. recreatronal use. 

The mar,mum femperafure rrse at ?he edge of Me msxmng zone above Me exrrnng natural fem~erafures shall not exceed3'~ lor lakes nor shall there be any r,gn;f;canf arfrf#cral Incresrer ,n fem~erature where narvral rraut reproduction t3 to be profecfed. 

The entire depm of ahallow laher I0 to 15 feet1 shall be analyzed for dissolved oxygen. However, only the epilrmnion a1 lakes greater than 15 feet rhsN be analyzed for d!solved arvgen. 

Source: SEWRPC. 



Table 28 

COMPARISON OF OBSERVED WATER QUALITY CONDITIONS TO ADOPTED 1976 STREAM WATER USE 
OBJECTIVES AND SUPPORTING WATER QUALITY STANDARDS FOR WARMWATER FISHERY 

AND RECREATIONAL USE I N  THE DES PLAINES RIVER WATERSHED 

NOTE: X indicates violation of water use objectives. 

a There are five categories of water use objectives: 

7) Restricted recreational use and minimum standards. 

21 Marginal aquatic life, recreational use, and minimum standards 

31 Limited fishery and aquatic life, recreational use. 

41 Warmwater fishery and aquatic life, recreational use. 

5) Trout fishery and aquatic life, recreational use. 

Includes phosphorus standard as interpreted by SEWRPC. 

Source: SEWRPC. 

Sampling 
Stations 

Dp-1 
Dp-2 
Dp-3 

Total 

Table 29 

WATER QUALITY INDEX CLASSIFICATIONS 
FOR THE SAMPLING STATIONS OF THE 

DES PLAINES RIVER WATERSHED 
1964 AND 1974-75 

~ p p l i c a b l e ~  
Objective 

4 
4 
4 

Source: SEWRPC. 

Main Stem 
Stations 

Dp-2 . .  . . . . 
Dp-3 . .  . . . . 

Tributary 
Station 

Dp-1 . . . . . .  

Watershed 
Average. . . . 

Toxic and Hazardous Substances: Sampling and analysis 
for pesticides, polychlorinated biphenyls (PCB's), and 
heavy metals were conducted by the Wisconsin Depart- 
ment of Natural Resources in the Des Plaines River 
watershed from 1973 through 1977. In the three 

Adopted Standards b 

in-stream water quality samples for which toxic and 
hazardous substances were tested, recommended levels of 
heptachlor epoxide, a persistent pesticide, were exceeded 
only once. Sample analyses for cadmium, chromium, 
copper, lead, mercury, nickel, zinc, PCB's, DDT, DDE, 
DDD, aldrin, heptachlor, lindane, dieldrin, methoxychlor, 
and phthalate uncovered no violations of U. S. Environ- 
mental Protection Agency (EPA) recommended levels. la 
No stream bottom sediment analyses were conducted for 

Miles 
Violated 

16.3 

July, August, September, 
and October of 1964 

Fair 
Fair 

Excellent 

Fair 

any of the toxic and hazardous substances. 

Miles 
Meeting 

All 
Standards 

0.0 

Dissolved 
Oxygen 
(5.0 mgll) 

X 
X 
X 

August of the 
Years 1974-1975 

Fair 
Fair 

Fair 

Fair 

FOX RIVER WATERSHED 

Ammonia- 
Nitrogen 
(0.4 mgll) 

X 

Water Quality Conditions 
The Fox River watershed is only partly contained in the 
Region and is located in the central and south central 
portion of the Region. The Fox River, which is the main 
stream of the watershed, rises in Waukesha County and 
flows 81 miles southward through Racine and Kenosha 
Counties before crossing the state line into Illinois. The 
geographic, physical, economic, and demographic fea- 
tures of the watershed are described in Volume One, 
Chapter I11 of this report. 

Total 
Phosphorus 
(0.1 mgll) 

X 
X 
X 

Fecal 
Coliform 

(400 MFFCC 
per 100 ml) 

- 
X 
X 
X 

l 3  U. S. Enuironmental Protection Agency, Quality 
Criteria for Water, EPA Report No. 440/9-76-023x 

Temperature 
( 8 9 ' ~ )  

X 

p H  
(6.0-9.0 

standard units) 



Water Quality Conditions: 1964-1965: The 1964-1965 
benchmark streamwater auality studs of the Commission 
included the operation of 2 8  sampling stations in the 
watershed, 12 on the Fox River main stem and 16 on the 
tributaries of the Fox River as indicated on Map 40. The 
water quality data for 1964-1965 from the 12 sampling 
stations on the Fox River indicated that the chloride 
levels were higher than the normal background concen- 
tration of 10 to  20 milligrams per liter (mg/l), reflecting 
a chloride impact upon the stream from human sources. 
Recorded levels of chloride concentrations ranged from 
5.0 to 445 mg/l on the Fox River main stem during the 
1964-1965 sampling period. In the tributaries of the Fox 
River, with the exception of the Mukwonago River, 
Como Creek, and Honey Creek, chloride concentrations 
were relatively high, reflecting the effects of human 
activities, with ranges of 0 to 120 mg/l. Substandard 
concentrations of less than 5.0 mg/l of dissolved oxygen 
were found during the 1964-1965 survey at the head- 
water area sampling stations on the main stem of the Fox 
River. The concentrations ranged from 0.3 to 4.4 mg/l. 
The main stem of the Fox River watershed exhibited 
dissolved oxygen concentrations ranging from 0.0 to  
19.0 mg/l of dissolved oxygen during the 1964-1965 
monitoring period, with the tributaries registering from 
0.1 to 19.5 mg/l of dissolved oxygen. Among the tribu- 
taries, the Pewaukee River, Poplar Creek, Bassett Creek, 
the Muskego Lake Canal, Sussex Creek, the Wind Lake 

Drainage Canal, Como Creek, and Honey Creek showed 
substandard dissolved oxygen levels at one time or 
another during the 1964-1965 sampling survey. The 
substandard dissolved oxygen levels observed in the 
headwaters of the Fox River main stem may be attri- 
buted to pollution from both rural and urban runoff, 
while pollution from agricultural storm water runoff 
probably depressed the dissolved oxygen levels in the 
Muskego-Wind Lake Drainage Canal area. During the 
1964-1965 monthly sampling survey, high total coliform 
counts of greater than 2,000 membrane filter coli- 
form counts per 100 milli!iters (MFCC/100 ml) were 
found in many samples at all sampling stations on 
the Fox River main stem, and at all stations on 
the tributaries with the exception of the Mukwonago 
River. The values on the main stem ranged from 
100 to 610,000 MFCC/100 ml, while the total coli- 
form levels at the tributary stations varied from 
100 to 3,000,000 MFCC/100 ml. Effluent from sewage 
treatment plants, sanitary sewer overflows, drainage from 
agricultural land, wastes from malfunctioning private 
onsite sewage disposal systems, and wastes from domestic 
livestock are the probable sources for this type of con- 
tamination. The specific conductance values were found 
to be high at all 28 sampling locations, during the 
1964-1976 survey, with a range of from 390 to 2,000 
micro-mhos per centimeter (~~mhoslcm) at 25'~. 

Water Quality Conditions: 1965-1975: The 1965-1975 
water quality monitoring effort by the Commission 
included continued sampling at the 28 Commission 
stations and collecting data available from one Wisconsin 
Department of Natural Resources (DNR) sampling sta- 
tion established in the watershed as shown on Map 40. 

The chloride concentrations in the headwaters of the Fox 
River main stem increased over the period of study and 
remained constant at sampling stations located down- 
stream from sampling station Fx-9. The concentrations 
for the 12 main stem stations ranged from 14.0 to  
168 mg/l, with a range of from 5.0 to 245 mg/l at the 
16 tributary stations in the Fox River watershed. Among 
the tributaries of the Fox River, there was an increase 
in chloride concentrations between 1967 and 1975 on 
the Pewaukee River, Poplar Creek, and the Wind Lake 
Drainage Canal. The chloride concentrations remained 
generally stable over the period for the other tributaries. 

The observed dissolved oxygen levels indicate that 
the water quality generally improved in the Fox River 
main stem except at Commission stations Fx-1, Fx-7, 
Fx-8, and Fx-14, where the dissolved oxygen concentra- 
tions decreased slightly over the decade apparently as 
a result of increased loadings from municipal sewage 
treatment plant effluents and increased urbanization. 
Main stem dissolved oxygen values ranged from 0.3 to 
a supersaturated level of 26.8 mg/l. Among the tributaries 
of the Fox River, the dissolved oxygen concentrations 
increased over the period on Sussex Creek, Poplar Creek, 
the Muskego Canal, the Wind Lake Drainage Canal, and 
Bassett Creek and remained essentially unchanged in the 
Pewaukee River and Como Creek. The dissolved oxygen 
concentrations of the other tributaries-the Mukwonago 
River, the White River, Sugar Creek, Honey Creek, and 
Nippersink Creek-remained at or near saturation in 
all samples collected over the decade. Concentrations 
at these 16 tributary stations ranged from 0.4 and 
17.0 mg/l. 

The fecal coliform counts generally remained low and 
stable between 1967 and 1975 at the Fox River main 
stem sampling stations and on Sussex Creek, Poplar 
Creek, the Mukwonago River, and Nippersink Creek, with 
ranges of from 5.0 to 420,000 membrane filter fecal 
coliform counts per 100 milliliter (MFFCC/100 ml). At 
the 16 tributary stations, fecal coliform counts of 10 to  
260,000 MFFCC/100 ml were recorded. Fecal coliform 
counts declined over the period in the Muskego Canal, 
the Wind Lake Canal, and Bassett Creek. Fecal coliform 
counts remained high in the White River over the period. 
Fecal coliform counts increased in the Pewaukee River, 
Como Creek, Honey Creek, and Sugar Creek. Concentra- 
tions of ammonia-nitrogen (NH3-N) fluctuated between 
0.03 to 5.83 mg/l during the four years of sampling 
after 1972, with no significant trends noted. Total 
phosphorus concentrations remained in excess of the 
recommended water quality level of 0.10 mg/l in most of 
the samples collected on the Fox River main stem and its 
tributaries with the exception of the Mukwonago River 
site over the years of sampling, with concentrations 
ranging from 0.01 to 2.35 mg/l. 

The diurnal water quality data for the Fox River show 
a broad range of dissolved oxygen concentrations, from 
0.5 to  18.5 mg/l over a 24-hour period, reflecting the dis- 
solved oxygen reductions due to respiration by the 
aquatic plants and decomposition of organic matter in 
the stream and dissolved oxygen supersaturation effects 



of algal photosynthesis. The diurnal water quality data 
for the tributaries of the Fox River showed greater 
than 5.0 mg/l of dissolved oxygen in all samples collected 
over a 24-hour period with the exception of samples 
from Poplar Creek, the Pewaukee River, and Bassett 
Creek, where the dissolved oxygen concentrations over 
a 24-hour period ranged as low as 0.5 mg/l on August 2 
and 3, 1971. 

In addition to exhibiting marked diurnal fluctuations, 
water quality in the Fox River watershed exhibits spatial 
variation. The water quality of the Fox River near the 
state line was generally better than that in the headwaters 
area as measured by the specific conductance values, 
chloride concentrations, fecal coliform counts, and dis- 
solved oxygen concentrations. 

Compliance with Water Quality Standards 
In general, the streamwater of the Fox River watershed 
did not meet the established water use objectives for 
recreational use and preservation of a warmwater fishery 
and other aquatic life in 1975. Supporting standards 
adopted by the Wisconsin Department of Natural 
Resources for dissolved oxygen, ammonia-nitrogen, and 
fecal coliform were generally violated on the Fox River 
main stem. Among the tributaries of the Fox River, the 
upstream portions of Poplar Creek in Waukesha County 
and Eagle Creek in Racine County downstream from 
CTH J are intended for recreational use and the main- 
tenance of a limited fishery and aquatic life. Deer Creek 
in Waukesha County and the portion of Eagle Creek 
upstream from CTH J in Racine County are desig- 
nated for marginal aquatic life, recreational use, and 
minimum standards. 

Palmer Creek in Kenosha County is recommended 
for recreational use and for the maintenance of a trout 
fishery and other aquatic life, and all other tributaries are 
intended for recreational use and for the maintenance of 
a warmwater fishery and other aquatic life. The water 
quality standards for pH and temperature were met at all 
sampling locations on the Fox River tributaries for which 
water quality data were available, while dissolved oxygen 
standards were met only on Sussex Creek, Poplar Creek, 
the Mukwonago River, Sugar Creek, Honey Creek, 
Bassett Creek, and Nippersink Creek. The fecal coliform 
counts were higher than the water quality standards of 
400 MFFCC/100 ml at all but the Mukwonago River and 
the Wind Lake Drainage Canal sampling stations. No 
SEWRPC water quality data are available for any of 
the trout streams to compare with the standards set 
for a trout fishery. Total phosphorus concentrations were 
found to be higher than the levels recommended by the 
Commission for the avoidance of nuisance aquatic 
plant growth in the stream system at all sampling stations 
except Fx-1 at Mill Road on the Fox River main stem 
and its tributaries, with the exception of Popular Creek, 
the Mukwonago River, and Sugar Creek. In addition, 
ammonia-nitrogen concentrations did not meet the 
Commission-recommended level of 0.4 mg/l at two 
locations: the Pewaukee River and the Fox River main 
stem near Waukesha. 

Water use objectives have also been recommended for the 
46 major lakes-lakes of 50 acres or more--of the Fox 
River watershed. Lakes Como, North, Wandawega, Silver, 
and Peters in Walworth County; Camp Lake in Kenosha 
County; and Muskego Lake in Waukesha County are 
designated for a limited fishery and aquatic life. Lake 
Geneva in Walworth County is designated for recreational 
use and the maintenance of a trout fishery and aquatic 
life. The remaining 38 major lakes are designated for 
recreational use and maintenance of a warmwater fishery 
and aquatic life. Table 30 presents an assessment of the 
lake water quality standards as applied t o  the 46 major 
lakes, and indicates that of the 22 lakes for which com- 
plete water quality data were available, 1 3  lakes, or 
59 percent, did not meet the preliminary recommended 
standards for one or more of the following parameters: 
temperature, dissolved oxygen, pH (hydrogen ion concen- 
tration), fecal coliform, and ammonianitrogen. Twenty- 
one of the 22 lakes, all but Lake Wandawega, failed to  
meet one or more of the preliminary recommendations 
for inorganic phosphorus (PO4) and total phosphorus. 
However, it is important to  note that Lake Wandawega 
is classified for a limited fishery and thus must meet less 
stringent standards than those for a warmwater fishery. 

As noted, over the period since 1964, the 28 sampling 
stations utilized by the Commission have provided 
information on water quality in the larger, continuously 
flowing streams which total 174.9 miles tributary to  and 
inclusive of the Fox River. A comparison of the 1964 
data to the applicable 1976 DNR-adopted water quality 
standards indicates that one-half, or 87.4 miles, of the 
stream reaches sampled violated the standards for at least 
one parameter. In 1975, by comparison, 130.2 miles, or 
74.4 percent, were in violation of one or more of the 
identical standards. Table 31 indicates the water use 
objectives and supporting standards violated during the 
period of 1964 through 1975. 

General Water Quality Ratings 
Table 32 sets forth the water quality index ratings 
for the sampling stations on the major streams of the F ~ X  
River watershed. The table indicates that for the months 
of July through October of 1964, water quality condi- 
tions at 10  stations, or about 35.7 percent of the total, 
were rated as fair; and at seven stations, or about 25 per- 
cent of the total, were rated as poor. Water quality 
conditions at 10  stations, or 35.7 percent of the total, 
were rated as good; and at  one station, or about 3.5 per- 
cent of the total, were rated as excellent. In August of 
the years 1974 and 1975, water quality conditions at  
20 stations, or about 71 percent of the total, were rated 
as fair; and at one station, or about 3.5 percent of the 
total, were rated as poor. Water quality conditions at  six 
stations, or 22 percent of the total, were rated as good; 
and at one station, or 3.5 percent of the total, were rated 
as excellent. Overall, there was no change in the general 
watershed rating of fair in 1974-1975 as compared to 
1964 conditions. 

Of the 31 major lakes in the Fox River watershed for 
which water quality data are available, 19  lakes exhibit 
less than 1.0 mg/l dissolved oxygen levels in their lower 



layers (hypolimnion). Such levels may adversely affect 
fish and other aquatic life in the lakes. The dissolved 
oxygen concentrations in the epilimnion are generally 
above 7.0 mg/l. As noted in Table 33,35 of the 46 major 
lakes located within the watershed have been classified 
according to their trophic status. Of the 35 lakes, 4 were 
rated as eutrophic, 8 as very eutrophic, 21 as meso- 
trophic, and only 2 as 01 i~ot ro~hic . '~  

Toxic and Hazardous Substances: No known stream 
water or bottom sediment sampling for toxic and haz- - 
ardous materials in the form of heavy metals, poly- 
chlorinated biphenyls (PCB's) or pesticides has been 
conducted within the Fox River watershed, and, there- 
fore, no conclusions may be drawn with regard to the 
presence of these substances. 

KINNICKINNIC RIVER WATERSHED 

Water Quality Conditions 
The Kinnickinnic River watershed is located in the south 
central portion of Milwaukee County. The Kinnickinnic 
River, approximately 8.0 miles in length and receiving 
discharge from approximately 8.2 miles of perennial 
stream tributaries, discharges into Lake Michigan through 
the Milwaukee Harbor estuary. The geographic, physical, 
economic, and demographic features of the watershed 
are described in Volume One, Chapter I11 of this report. 

Water Quality Conditions: 1964-1965: The 1964-1965 
Commission benchmark streamwater quality study 
included the operation of one sampling station in the 
watershed located on the main stem of the Kinnickinnic 
River as shown on Map 40. Chloride concentrations at 
the sampling station in 1964-1965 ranged from 20 to 
115 milligrams per liter (mg/l). The chloride concentra- 
tions were highest during April, indicating the probable 
impact of winter street salting operations and spring 
runoff. Concentrations of dissolved oxygen at the Kin- 
nickinnic River sampling station ranged from 7.3 to  
13.3 mg/l, levels well above the 2.0 mg/l standard estab- 
lished as the water use objective for the Kinnickinnic 
River. However, data from other sampling programs, 

l 4  U. S. Environmental Protection Agency. Lake Clas- - - .  
sification-A Trophic Cha,racterization o f  Wisconsin 
Lakes, EPA Report No.  660/3-75-033, June 1975. 
-- 

This report and others pertaining t o  trophic status 
o f  lakes generally recognize three classifications o f  
trophic status. These classifications consider water 
clarity; chemical parameters; biological parameters, 
including algae and macrophyte growth; physical char- 
acteristics; recorded fishkills; or combinations o f  these. 
The  three classifications are reflective o f  the natural or 
human-induced rates of aging or in-filling experienced 
by the lakes. 'Zutrophic" lakes are generally shallower, 
enriched by nutrients and organic matter, and exhibit 
low water clarity, "Very eutrophic" or "dystrophic" are 
terms sometimes used for extreme cases o f  eutrophic 
lakes. "Mesotrophic" lakes may be o f  moderate depth, 
and exhibit less nutrient and organic enrichment, as well 
as higher levels o f  water clarity. "Oligotrophic " lakes are 
relatively deep, low in nutrient content and organic 
matter, and exhibit higher levels o f  water clarity. 

provided below, indicate substandard dissolved oxygen 
concentrations exist downstream in the reaches of the 
stream affected by combined sewer overflow. High total 
coliform counts upstream of the combined sewer outfalls 
at the sampling station existed during spring runoff 
periods and during and immediately after rainfall events 
recorded at General Billy Mitchell Field weather station 
during the period from September 19 through 24,1964. 
Fluctuations of 4,000 to  340,000 membrane filter 
coliform counts per 100 milliliters (MFCC/100 ml) were 
recorded during the 1964-1965 sampling period. Coli- 
form counts may be presumed to be higher downstream 
in the reaches of the stream affected by combined sewer 
overflows. The specific conductance values were found 
to be highest during the spring runoff period at  the sam- 
pling station, and thus corresponded to the periods of 
highest chloride concentrations. Ranges of from 290 to 
680 micro-mhos per centimeter (pmhoslcm at 25OC were 
recorded during the 14  monthly sample collections 
during 1964 and 1965. The pH values (hydrogen ion 
concentrations) obtained during the study were found to 
be within the range of from 6.0 to 9.0 standard units 
prescribed for rivers and streams designated for restricted 
use and minimum standards. Temperature variations in 
sample results reflected only the expected seasonal 
changes; however, the discharge of cooling waters to 
the Kinnickinnic River and its tributaries-particularly 
during warm weather, low flow conditions-may have 
contributed to  localized elevations of the tempera- 
ture levels. 

Water Quality Conditions: 1965-1975: The continuing 
water quality monitoring program conducted by the 
commission during the period from 1965 through 1975 
included sampling at the single station established in the 
watershed. Additional sampling data were available from 
the three Milwaukee-Metropolitan Sewerage Commission 
stations, four City of Milwaukee Health Department 
stations, and seven Wisconsin Department of Natural 
Resources (DNR) stations, as shown on Map 40. The 
average chloride concentrations recorded during the 
August surveys significantly exceeded the expected 
background concentration of 20 mg/l. Chloride concen- 
trations at Kk-1 generally increased in the samples 
obtained over the decade, with a range of from 26 to 
135 mg/l recorded. The highest chloride concentrations 
continued to exist during the spring runoff periods as 
well as during runoff periods at other times of the year. 
In addition to being attributed to deicing salts, the high 
chloride levels in the watershed can probably be 
attributed to sewage discharge from separate sanitary 
sewer flow relief devices and, in the lower reaches of 
the watershed, combined sewer overflows. Chloride 
concentrations recorded by the Milwaukee-Metropolitan 
Sewerage District and the City of Milwaukee Health 
~ e ~ a r t m e n t  exhibited spatially decreasing concentrations 
between S. 6th Street and the Kinnickinnic River flushing 
tunnel, from which point the concentrations stabilized 
downstream to the harbor estuary. The magnitude of the 
dilution effect of the flushing tunnel operation was 
highlighted by the presence of elevated chloride levels 
during the 1969 sampling period, when the tunnel was 
inoperative. The seiche effect of Lake Michigan may also 
cause localized temporary dilution effects on the chloride 
concentrations of the Kinnickinnic River at its mouth. 



Table 30 

COMPARISON OF WATER QUALITY CONDITIONS TO INITIAL RECOMMENDED LAKE WATER USE 
OBJECTIVES AND SUPPORTING WATER QUALITY STANDARDS I N  THE FOX RIVER WATERSHED 



Table 30 (continued) 

Inorganic Nitrogen- 
Sum of Nmtrmts-Nmtrogsn * 

Pieorant 

Poffsri 

Power$ 

Sayleivllle Mmil Pond 

s,,ver 
IKsnolha Counr"1. 

and 1977 

Ntr.te-Nltrogen + 
Ammona-N,trogsn 

W l l h "  Total 
Depth 0, Labe 
During Mixng 

I O r n g a n d  Fall) 

0 9 

Novsmber 26. 1973 
Novsmbsr 21. 1974 
Novsmber 25. 1975 

November 27. 1973 
Aprd 8. 1974 

Novsmber 27.1973 
Novsmber 12. 1974 
Ann1 29. 1975 
Aprll 4. 1974 

Novsmber 12. 1971 
Novsmbsr 26. 1975 
Aorml 4. 1974 
Aprli 29. 1975 

NIA 

NIA 

NIA 

N!A 

Novsmber 25, 1975 
Aprll 8. 1914 
Apnl 28. 1976 

NlA 

NIA 

Novsmbsr 27 1973 
Nousmbsr2l 1974 
AD,,, 4, ,974 
A p r l  25. 1915 

NIA 

NIA 

Y e %  

NIA 

Aprm 4. 1974 
Aprml 25. 1974 
Novsmbsr 21. 1974 
Novsmber 27. 1973 

lmglll 

Wlrhln Total 

Novsmbsr 26. 1973 
November November 21. 25.1975 1974 

ADrll 2. 1914 

NIA 

Yes 

NIA 

November 18.1916 
November 26. 1975 
November 72.1974 
November 27. 1973 
Apr81 8. 1974 

Amr8I 11, 1977 

November 12.  1974 
Navsmber 27. 1973 
Ao.il4.1974 

A ~ n l 6 . 1 9 7 4  

Navembsr 2 2 .  1974 
November 25,1975 
Nouember 27. 1971 

NIA 

N!A 

Aprt 4, 1914 

A P r l  25. 1975 
November 27,1973 
Novsmber 21. 1974 
Nouembsr 25. 1975 

NIA 

NlA 

Yes 

NlA 

APrll 4. 1974 
APrll 75.1975 
Novsmbsr 25.1975 
November 27, 1973 
Novsmber 21.1976 

Aprll4.1971 

November 12. 1974 

Total Phorphorul 

lmglll 

Wlthln Total 
DWfh of Laks 
D".l"9 Mlxlng 

1Sprlngand Fall1 

~sBntember 23, ,976 1 
Ocrober November 21.1976 18. 1976 

1 

0 06 

NIA 

APill8.1974 

Novsmber 25.  1975 
Nowember 27. 1973 

2 

0 02 

Novembsr 26. 1973 
Novsmbsr Novembsr 25. 21. 1974 1975 

Apr l  2 1974 

NIA 

O c t o k r  17. 1975 

NlA 

November 16. 1976 
Navambsr Novsmbsr 22.1974 21. 1973 

Aorm 8. 1974 

NOTE N/A ,ndicaies dm# nui#v#, I~bIe 

mere are three caregones of ~nrimi wsrer use objective# II !,mired hrhoer aondnqunirc hie. recrear,onai use. 21 warmwemi fishery nndaquarrc 6fe. recre.tmoal use. a n d f ~  wovt +,shery aquaoc hie. recreaoonei usp 

me maximum remperarvre nre at the edge 09  the m,x,ng zone above me exrrcrng nnrura~ remperacvres not e x c e e d f ~  for I S X ~ S  nor rh.8 f iere be any srgnr f~canr~~ t~ f i c~d  ,nciearer ,n temperaturn where natural irovr reooducaon ~r io tm oioreried 

The en ,m Mth ofsha,bw bkes (0 to 75 Bet1 sl?aO be #no,vzed .r ~Usso,wd o x ~ m n  However, only the eprirmnim of lake8 ~reerer than I5 fee? d#,,(ibe anaiyied for dirrolred oxygen. 

Sourre Wlsconrin Deperfmenr of Neivral Resources and SEWRPC 

3 

0 01 

i l A  

<es 

Aorli 4. 1974 
ADrli 25, 1915 
Novsmber 21. 1913 
Novsmber 21.1974 
Novembr 25,1975 

NIA 

NIA 

NIA 

Apnl 4, 1974 
Aprll 25. 1975 

November 2 5 .  1975 
November 27. 1973 
November 21. 1914 



Table 31 

COMPARISON OF OBSERVED WATER QUALITY CONDITIONS TO ADOPTED 1976 STREAM WATER USE OBJECTIVES 
AND SUPPORTING WATER QUALITY STANDARDS FOR WARMWATER FISHERY AND RECREATIONAL USE 

AND LIMITED FISHERY AND RECREATIONAL USE I N  THE FOX RIVER WATERSHED 

NOTE: X indicates violation of water use objectives. 

Sampling 
Stations 

Fx-1 
Fx-2 
Fx-3 

Fx-4 
Fx-5 
Fx-6 
Fx-7 
Fx-8 
Fx-9 
Fx-10 
Fx-1 1 
Fx-12 
Fx-13 
Fx-14 
Fx-15 
Fx-16 
Fx-17 
Fx-18 
Fx-19 
Fx-20 
Fx-21 
Fx-22 
Fx-23 
Fx-24 
Fx-25 
Fx-26 
Fx-27 
Fx-28 

Total 

a There are five categories of water use objectives: 

7) Restricted recreational use and minimum standards. 

~ p p l i c a b l e ~  
Objective 

4 
4 
3 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

2) Marginal aquatic life, recreational use, and minimum standards. 

31 Limited fishery and aquatic life, recreational use. 

41 Warmwater fishery and aquatic life, recreational use. 

Dissolved 
Oxygen 

(5.0 mgll) 

X 
X 
X 

(3.0 mgll)' 
X 
X 
X 

X 
X 

X 

X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

51 Trout fishery and aquatic life, recreational use. 

Miles 
Violated 

172.4 , 

blncludes phosphorus standard as interpreted by SEWRPC. 

Miles 
Meeting 

All 
Standards 

2.5 

Fecal 
Col~form 

(400 MFFCC 
per 100 ml)  

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 

'Indicates applicable standard for designated water use objective other than warmwater fishery and recreational use. 

Source: SEWRPC. 

The dissolved oxygen concentrations observed during a distinct decline over the years of sampling. The dis- 
the Commission's continuing water quality monitoring solved oxygen concentrations can be reasonably assumed 
program were well above the established 2.0 mg/l for to decline downstream from the sampling location, as the 
restricted use at the sampling station and ranged from stream flows through the combined sewer service area. 
3.4 to  14.1 mg/l. The daily average dissolved oxygen This assumption is supported by the data obtained by 
concentrations in the August samples collected over the the Milwaukee-Metropolitan Sewerage District and the 
decade remained near saturation levels, but exhibited City of Milwaukee Health Department in the lower 

Total 
Phosphorus 

(0.1 mgll) 

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 

, 

Temperature 
(89 '~)  

Adopted standardsb 

P H 
(6.0-9.0 

standard units) 

X 
X 
X 
X 

X 

X 

Ammonia- 
Nitrogen 

(0.4 mgll) 

X 
X 

(3.5 mgll)' 
X 
X 

X 
X 
X 
X 

X 
X 

X 



Table 32 Table 33 

WATER QUALITY INDEX CLASSIFICATIONS FOR THE TROPHIC CLASS1 FlCATlON OF SELECTED MAJOR LAKES 
SAMPLING STATIONS OF THE FOX RIVER WATERSHED I N  THE FOX RIVER WATERSHED: 1975 

1964 AND 1974-75 

Source: SEWRPC. 

Main Stem 
Stations 

Fx- I  ,. . . . . 
Fx-4. . . . . . 
Fx-7. . . . . . 
F x - 8 . .  . . .  . 
Fx-9. . . . . . 
Fx-10. . . . . 
Fx-11 . . . . . 
Fx-13. . . . . 
Fx-14. . . . . 
Fx -17 . .  . . . 
Fx-24 . . . . . 
Fx-27 . . . . . 

Tributary 
Stations 

Fx-2. . . . . . 
Fx-3. . . . . . 
Fx-5. . . . . . 
Fx-6. . . . . . 
Fx-12. .  . . . 
Fx-15. .  . . . 
Fx-16. . . . . 
Fx-18. .  . . . 
Fx-19. .  . . . 
Fx-20 . . . . . 
Fx-21 . . . . . 
Fx-22 . . . . . 
Fx-23 . . . . . 
Fx-25 . . . . . 
Fx-26 . . . . . 
Fx-28 . . . . . 
Watershed 
Average. . . . 

reaches of the Kinnickinnic River. The dissolved oxygen 
concentrations were found to decline between S. 6th 
Street and the harbor estuary. 

The average fecal coliform counts recorded at the Kin- 
nickinnic River sampling station generally increased over 
the decade and generally exceeded the 2,000 mem- 
brane filter fecal coliform counts per 100 milliliters 
(MFFCC/100 ml) maximum standard prescribed for the 
Kinnickinnic River. The fecal coliform counts ranged 
from 30 to 72,000 MFFCC/100 ml and may be attri- 
buted to  the discharge of raw sewage from the sanitary 

July, August, September, 
and October of 1964 

Fair 
Poor 
Fair 
Poor 
Poor 
Poor 
Fair 
Good 
Good 
Good 
Fair 
Good 

Fair 
Fair 
Poor 
Good 
Excellent 
Poor 
Good 
Fair 
Fair 
Fair 
Good 
Good 
Good 
Poor 
Fair 
Good 

Fair 

August of the 
Years 1974-1 975 

Fair 
Fair 
Fair 
Fair 
Fair 
Fair 
Fair 
Good 
Good 
Good 
Fair 
Good 

Fair 
Fair 
Poor 
Fair 
Excellent 
Fair 
Good 
Fair 
Fair 
Fair 
Fair 
Good 
Fair 
Fair 
Fair 
Fair 

Fair 

a U. S. Environmental Protection Aoencv. Lake Classification- 

Major 
Lake Name 

Beulah 
Big Muskego 
Bohners 
Booth 
Browns 
Buena 
Camp 
Center 
Como 
Denoon 
Eagle 
Eagle Spring 
Echo 
Elizabeth 
Geneva 
Green 
Little Muskego 
Long 
Lower Phantom 
Marie 
Middle 
Mill 
North 
Pell 
Pewau kee 
Pleasant 
Potters 
Powers 
Silver 
Spring 
Tichigan 
Upper Phantom 
Wandawega 
Wau beesee 
Wind 

- ., 
A Trophic Characterization of Wisconsin Lakes, EPA Report 
No. 660/3-75-033, June 1975. 

Source: Water Resources Center, University of Wisconsin and 
SEWRPC. 

County 

Walworth 
Wau kesha 
Racine 
Walworth 
Racine 
Racine 
Kenosh 
Kenosha 
Walworth 
Waukesha 
Racine 
Waukesha 
Racine 
Kenosha 
Walworth 
Walworth 
Waukesha 
Racine 
Waukesha 
Kenosha 
Walworth 
Walworth 
Walworth 
Walworth 
Wau kesha 
Walworth 
Walworth 
Kenosha 
Kenosha 
Waukesha 
Racine 
Wau kesha 
Walworth 
Racine 
Racine 

sewer flow relief devices located upstream of the sam- 
pling station. High fecal coliform counts may be assumed 
to be present downstream throughout the combined 
sewer service area, except perhaps during sustained 
periods of dry weather. This assumption is supported by 
the fecal coliform counts recorded by the Milwaukee- 
Metropolitan Sewerage District and City of Milwaukee 
Health Department for the lower reaches of the Kin- 
nickinnic River, as the average fecal coliform counts 
exceeded the 2,000 MFFCC/100 ml standard at all of the 
sampling stations for the six-year sampling period of 
record for fecal coliform. 

categorya 

Mesotrophic 
Eutrophic 
Mesotrophic 
Mesotrophic 
Mesotrophic 
Mesotrophic 
Very Eutrophic 
Mesotrophic 
Very Eutrophic 
Mesotrophic 
Very Eutrophic 
Mesotrophic 
Mesotrophic 
Mesotrophic 
Mesotrophic 
Mesotrophic 
Eutrophic 
Very Eutrophic 
Mesotrophic 
Mesotrophic 
Mesotrophic 
Mesotrophic 
Very Eutrophic 
Eutrophic 
Very Eutrophic 
Oligotrophic 
Eutrophic 
Mesotrophic 
Mesotrophic 
Oligotrophic 
Very Eutrophic 
Mesotrophic 
Very Eutrophic 
Mesotrophic 
Mesotrophic 



The specific conductance values recorded at the Kin- 
nickinnic River sampling stations ranged from 560 to 
962 umhos/cm at 2 5 ' ~  and exhibited a trend toward 
higher values in the spring samples, corresponding to the 
trend in chloride concentrations. The higher specific 
conductance is thought to be attributable to the spring 
runoff and snowmelt, which have high concentrations of 
deicing salts. The pH values were found to  be within. the 
range of 6.0 to 9.0 standard units established for the 
Kinnickinnic River with one exception: in one instance 
the pH fell below 6.0 standard units. This low value is 
assumed to have resulted from the discharge of acidic 
substances to the river from industrial wastewater out- 
falls. Water temperature variations were within normal 
limits as they fluctuated with the seasonal air tem- 
perature patterns. 

The diurnal water quality data for the Kinnickinnic River 
exhibit a broad range of dissolved oxygen concentrations, 
from 4.5 to 11.7 mg/l over a 24-hour period. These 

diurnal variations reflect dissolved oxygen reductions 
from respiration by the aquatic flora and the super- 
saturation effects of algal photosynthesis. 

In addition to  exhibiting diurnal fluctuations at the 
sampling station, the water quality exhibits a predictable 
pattern of spatial variation. Because of the high fecal 
coliform counts and low dissolved oxygen concentrations 
recorded downstream of the sampling station, the water 
quality is generally better in the reaches upstream from 
the combined sewer overflow area of the Kinnickinnic 
River. However, the dilution effects of the flushing 
tunnel operation on the stream below S. 6th Street and 
the dilution effects of Lake Michigan and the inner 
harbor are reflected in enhanced water quality sample 
results. No sample results are currently available to 
provide a comparison to other portions of the watershed, 
where significant industrial wastewater outfalls are 
located on several tributaries. 

Compliance with Water Quality Standards 
The Kinnickinnic River, designated for restricted use 
and minimum standards, met the water quality stan- 
dards adopted by the Wisconsin Department of Natural 
Resources for temperature, dissolved oxygen, pH, and 
fecal coliform counts at the sampling station in 1975. 
The water quality of the River at the sampling station 
does, however, exhibit degradation as measured by 
dissolved oxygen, chlorides, and fecal coliform over 
the period since 1964. Additional available data from 
the Milwaukee-Metropolitan Sewerage District and the 
City of Milwaukee Health Department for the years 
1965 through 1970 indicate that the water quality 
standards were generally met with respect to dissolved 
oxygen and pH in the lower reaches of the Kinnickinnic 
River and its tributaries when the flushing tunnel was 
in operation. However, when the flushing tunnel was 
inoperative, the water of the lower reaches of the Kin- 
nickinnic River and its tributaries did not meet the water 
quality standards for dissolved oxygen and fecal coliform. 

The sampling station operated by the Commission 
has provided information on water quality for about 
4.0 miles of the continuously flowing reaches of the 

Kinnickinnic River. A comparison of the 1964 data to  the 
applicable 1976 DNR-adopted water quality standards 
indicates that all of the parameters met the applicable 
standards. In 1975, a comparison of the identical stan- 
dards indicated that the stream reaches sampled remained 
within the prescribed standards. Table 34 indicates the 
water use objectives and supporting standards violated 
during the period of 1964 through 1975. 

General Water Quality Ratings 
Table 35 sets forth the water quality index classifi- 
cations for the one Commission-operated sampling 
station in the watershed. As indicated by the index, 
the 1964 water quality of the Kinnickinnic River was 
rated as fair. Fair conditions also existed for August of 
the years 1974 and 1975. 

Toxic and Hazardous Substances: Sampling and analysis 
for pesticides, polychlorinated biphenyls (PCB's), and 
heavy metals were conducted by the Wisconsin Depart- 
ment of Natural Resources in the Kinnickinnic River 
watershed from 1973 through 1977. The analyses indi- 
cated that recommended levels of mercury were exceeded 
in four of 73 samples, and that recommended PCB levels 
were exceeded in one out of 12 water quality samples. 
Sample analyses for cadmium, chromium, copper, lead, 
nickel, zinc, DDT, DDE, DDD, aldrin, heptachlor, 
heptachlor epoxide, lindane, dieldrin, methoxychlor, and 
vhthalate uncovered no violations of U. S. Environmental 
Protection Agency (EPA) recommended levels. Sampling 
and analyses of bottom sediment were conducted on the 
Kinnickinnic River, and detectable levels of cadmium, 
chromium, copper, lead, mercury, nickel, zinc, and 
PCB's were observed; however, no criteria have been 
established to  assess the recorded concentrations. 

MENOMONEE RIVER WATERSHED 

Water Quality Conditions 
The Menomonee River watershed is located in the east 
central portion of the Region. The Menomonee River 
originates in southeastern Washington County, and flows 
approximately 28 miles through the northeastern corner 
of Waukesha County and through western and central 
Milwaukee County to its confluence with the Milwaukee 
River. The geographic, physical, economic, and demo- 
graphic features of the watershed are described in 
Volume One, Chapter I11 of this report. 

Water Quality Conditions: 1964-1965: The 1964-1965 
benchmark streamwater quality study of the Commission 
included the operation of 12  sampling stations in the 
watershed, nine on the Menomonee River main stem and 
one each on the Little Menomonee River, Underwood 
Creek, and Honey Creek as shown on Map 40. The water 
quality data for 1964-1965 from the nine Menomonee 
River main stem sampling stations indicated chloride 
concentrations ranging from 15  to 425 milligrams per 
liter (mgll), higher than the normal background con- 
centration and reflecting the impact of sewage treatment 
discharges and malfunctioning domestic onsite sewage 
disposal systems, and of road deicing activities. Higher 
levels of chloride concentrations were also found on the 
three major tributaries of the Menomonee River, where 
concentrations ranged from 30 to 1,200 mg/l, probably 



Table 34 

COMPARISON OF OBSERVED WATER QUALITY CONDITIONS TO ADOPTED 1976 STREAM 
WATER USE OBJECTIVES AND SUPPORTING WATER QUALITY STANDARDS FOR RESTRICTED 
RECREATIONAL USE AND MINIMUM STANDARDS I N  THE KlNNlCKlNNlC RIVER WATERSHED 

NOTES: X indicates violation of water use objectives. 
N/A indicates not applicable. 

a There are five categories of water use objectives: 

11 Restricted recreational use and minimum standards. 

2) Marginal aquatic life, recreational use, and minimum standards. 

31 Limited fishery and aquatic life, recreational use. 

4) Warm water fishery and aquatic life, recreational use. 

51 Trout fishery and aquatic life, recreational use. 

Includes phosphorus standard as interpreted by SEWRPC. 

Source: SEWRPC. 

Table 35 

WATER QUALITY INDEX CLASSIFICATIONS 
FOR THE SAMPLING STATION OF THE 

KlNNlCKlNNlC RIVER WATERSHED 
1964 AND 1974-75 

Miles 
Meeting 

All 
Standards 

0.0 

0.0 

Source: SEWRPC. 

Miles 
Violated 

4.0 

4.0 

Sampling 
Station 

Kk-1 

Total 

Main Stem 
Station 

Kk-1 . . . . . 
Watershed 
Average. . . 

due to malfunctioning private onsite sewage disposal 
systems, livestock wastes, and road salting operations. 
Dissolved oxygen levels fluctuated from 0.0 to  18.9 mg/l 
on the Menomonee River main stem and from 0.2 to 
20.4 mg/l in the tributaries during the 1964-1965 sam- 
pling period. Substandard concentrations of dissolved 
oxygen were recorded at four of the nine main stem 
stations on the Menomonee River during the August 

~pp l icab le~  
Objective 

1 

July, August, September, 
and October of 1964 

Fair 
pp 

sampling period of 1964, and no violations were recorded 
at the three tributary stations, Mn-7, Mn-8, and Mn-9. 
High total coliform counts were found at five of the nine 
Menomonee River sampling stations, with values ranging 

August of the 
Years 1974-1975 

Fair 

from 100 to 1,000,000 membrane filter coliform counts 
per 100 milliliters (MFeC/100 ml). Ranges of from 100 to 
430,000 MFCC/100 ml were recorded at the tributary 
stations. Drainage from agricultural land and wastes from 
malfunctioning private onsite sewage disposal systems are 
some of the probable sources of this indicated contamina- 
tion. The specific conductance values in the Menomonee 

Adopted standardsb 

Fair 

River watershed were found to be within the expected 
range of from 345 to 2,460 micro-mhos per centimeter 
(umhoslcm) at 25OC. As a result of spring runoff from 
snowmelt and rainfall events, elevated levels of specific 
conductance were found to be typical at the middle and 
downstream sampling stations. The pH values (hydrogen 
ion concentrations) were within the recommended range 
of 6.0 to 9.0 standard units with one exception: a read- 
ing of 9.2 was recorded in November of 1964 at the 

Total 
Phosphorus 

N / A  

S. Muskego Avenue sampling site. All temperature 
variations were primarily seasonal and not a result of 

Arnrnonia- 
Nitrogen 

N / A  

thermal pollution from cooling water discharges. 

Dissolved 
Oxygen 

(2.0 mg/l) 

X 

Water Quality Conditions: 1965-1975: The 1965-1975 
water quality monitoring effort by the Commission 
included continued sampling at the 1 2  sampling stations 

Temperature 
1 8 9 ~ ~ )  

Fecal 
Coliform 

(2,000 MFFCC 
per 100 ml) 

X 

in the watershed and collecting data available from five 
Milwaukee-Metropolitan Sewerage District sampling 
stations as shown on Map 40. Review of the chloride and 
fecal coliform data indicated essentially no change in 
the chloride levels over the period of sampling and 
generally increased fecal coliform counts throughout the 
main stem of the Menomonee River after 1968, when the 
parameter was first measured. Ranges of chloride and 

P t i  
(6.0-9.0 

standard units) 



stream and the dissolved oxygen supersaturation effects 
of algal photosynthesis. In addition to  exhibiting marked 
diurnal fluctuations, water quality in the Menomonee 
River watershed exhibits spatial variation. The water 
quality of the Menomonee River downstream near 
76th Street was generally better than the water quality 
in the headwater areas of the Menomonee River. 

Compliance with Water Quality Standards 
Although generally stable over the period, the Upper 
Menomonee River and the Little Menomonee River, 
which are intended for recreational use and the main- 
tenance of a warmwater fishery and other aquatic life, 
did not meet the water quality standards adopted by the 
Wisconsin Department of Natural Resources (DNR) for 
fecal coliform and ammonia-nitrogen in 1975. Also, in 
the extreme upper reaches of the Menomonee River at 
station Mn-1, the water did not meet the adopted stan- 
dard for dissolved oxygen in 1975. Finally, total phos- 
phorus concentrations were found to be significantly 
higher than the recommended level adopted by the 
Commission. When the water quality of the lower 
Menomonee River, Underwood Creek, and Honey Creek 
was assessed against the restricted use standards, viola- 
tions of fecal coliform persisted. 

The 12 sampling stations operated by the Commission 
have provided information on water quality in the large, 
continuously flowing streams which total 39.5 miles 
tributary to and inclusive of the Menomonee River. 
A comparison of the 1964 data to the applicable 1976 
DNR-adopted water quality standards indicates that 
33.6 miles, or 85 percent, of the stream reaches sampled 
violated the standards for one or more parameters. In 
1975, by comparison, all of the 39.5 miles of the stream 
reaches sampled were in violation of one or more of the 
identical standards, particularly that for fecal coliform, 
indicating degradation of water quality in 1975 as 
compared to 1964. Tables 36 and 37 indicate the water 
use objectives and supporting standards violated furing 
the period of 1964 through 1975. 

General Water Quality Ratings 
Table 38 sets forth the water quality index rating for - - 
the 12  Commission-operated sampling stations i' the 
watershed. The table indicates that for the months of 
July through October of 1964, water quality conditions 
at eight stations, or 66.7 percent of the total, were rated 
fecal coliform bacteria were from 12  to 341 mg/l and 
from 10 to 400,000 membrane filter fecal coliform 
counts per 100 milliliters (MFFCC/100 ml), respectively. 
On the three major tributary streams, chloride and fecal 
coliform remained in an essentially stable condition over 
the decade. The observed dissolved oxygen levels indicate 
that the water quality at the upstream sampling stations, 
Mn-1 through Mn-5, has improved since 1964. Water 
quality conditions have, however, deteriorated at the 
downstream sampling stations, Mn-6 through Mn-10. 
There was essentially no trend in dissolved oxygen 
levels on the tributary streams. Within the watershed, 
dissolved oxygen concentrations varied from 0.1 to  
20.1 mg/l. Specific conductance values ranged from 

229 to 1,605 pmhos/cm at 2 5 ' ~  with no specific trends 
noted. Fluctuations were observed in the concentrations 
of dissolved solids as a function of runoff from winter 
salting operations, storm events, and spring snowmelt. 
The pH values (hydrogen ion concentrations) and 
temperature remained within the established standards 
during the sampling period. Ammonianitrogen (NH3-N) 
concentrations from 1972 through 1975 ranged from 
0.03 to 3.61 mg/l. Excessive levels of ammonia-nitrogen 
above the 0.4 mg/l recommended standard, which is the 
level toxic to fish and aquatic life, were recorded at 
stations Mn-4, Mn-5, and Mn-6, on the main stem. Total 
phosphorus concentrations remained in excess of the 
recommended level of 0.10 mg/l in 92 percent of the 
total phosphorus samples. The range of total phosphorus 
concentrations varied from 0.03 to 2.82 mg/l. The water 
quality of the Little Menomonee River remained equal 
to or better than the water quality of the main stem 
as measured by dissolved oxygen, chloride, ammonia- 
nitrogen, and total phosphorus. However, fecal coliform 
levels on the Little Menomonee River, Honey Creek, and 
Underwood Creek, were higher in total counts than on 
the Menomonee River main stem. 

The diurnal water quality data for the Menomonee 
River and its three major tributaries show a broad 
range of dissolved oxygen concentrations, from 0.6 to 
10.7 mg/l over a 24-hour period, reflecting the dissolved 
oxygen reductions due to  respiration by the aquatic 
plants and decomposition of organic matter in the 
as fair; at three stations, or 25 percent of the total, were 
rated as poor; and at one station, or 8.4 percent of the 
total, were rated as good. No stations were rated as 
excellent. By comparison, in August of the years 1974 
and 1975, water quality conditions at 11 sampling sites, 
or a total of 91.7 percent, were rated as fair; and at 
one station, or 8.4 percent, were rated as poor. Although 
Table 38 indicates that the overall watershed averages in 
1974-1975 as compared to 1964 remained fair, the above 
percentages indicate a decline in water quality since 1964. 

Toxic and Hazardous Substances: Sampling and analysis 
for pesticides, polychlorinated biphenyls (PCB's), and 
heavy metals were conducted by the Commission and the 
Wisconsin Department of Natural Resources (DNR) at 
three sampling stations in the Menomonee River and the 
results are reported in Chapter VII, Table 55 of Technical 
Report No. 26, A Comprehensive Plan for the Menomonee 
River Watershed, Volume One, Inventory Findings and 
Forecasts. Specifically, 21 of 105, or 20 percent, of the 
samples collected violated the recommended criteria for 
lead. Sample analyses for cadmium, cobalt, copper, 
mercury, nickel, and zinc uncovered no violations of 
U. S. Environmental Protection Agency (EPA) recom- 
mended levels. 

MILWAUKEE RIVER WATERSHED 

Water Quality Conditions 
The Milwaukee River watershed is located in the north- 
eastern and north-central portions of the Southeastern 
Wisconsin Region. The headwaters portion of the water- 



Table 36  

COMPARISON OF OBSERVED WATER QUALITY CONDITIONS TO ADOPTED 1976 STREAM 
WATER USE OBJECTIVES AND SUPPORTING WATER QUALITY STANDARDS FOR 

WARMWATER FISHERY AND RECREATIONAL USE I N  THE MENOMONEE RIVER WATERSHED 

NOTE: X indicates violation of water use objectives. 

a There are five categories of water use objectives: 

Miles 
Meeting 

All 
Standards 

0.0 

1 1 Restricted recreational use and minimum standards. 

Miles 
Violated 

34.65 

Sampling 
Stations 

Mn-1 
Mn-2 
Mn-3 
Mn-4 
Mn-5 
Mn-6 
Mn-7 
Mn-7A 
Mn-76 
Mn-10 

Total 

21 Marginal aquatic life, recreational use, and minimum standards. 

31 Limited fishery and aquatic life, recreational use. 

~ p p l i c a b l e ~  
Objective 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

41 Warmwater fishery and aquatic life, recreational use. 

5) Trout fishery and aquatic life, recreational use. 

Adopted standardsb 

Includes phosphorus standard as interpreted by SEWRPC. 

Source: SEWRPC. 
Table 37  

COMPARISON OF OBSERVED WATER QUALITY CONDITIONS TO ADOPTED 1976 STREAM 
WATER USE OBJECTIVES AND SUPPORTING WATER QUALITY STANDARDS FOR RESTRICTED 

RECREATIONAL USE AND MINIMUM STANDARDS I N  THE MENOMONEE RIVER WATERSHED 

Total 
Phosphorus 
(0.1 mg/l) 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

Ammonia- 
Nitrogen 
(0.4 mgll) 

X 
X 
X 

NOTES: X indicates violation of water use objectives. 
N/A indicates not applicable. 

Dissolved 
Oxygen 

(5.0 mg/l) 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

a There are five categories of water use objectives: 

Fecal 
Coliform 

(400 MFFCC 
per 100 ml) 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

Temperature 
( 8 9 ' ~ )  

I 1 Restricted recreational use and minimum standards. 

P H 
(6.0-9.0 

standard units) 

X 
X 

Miles 
Violated 

4.85 

Sampling 
Stations 

Mn-8 
Mn-9 

Total 

21 Marginal aquatic life, recreational use, and minimum standards. 

Miles 
Meeting 

All 
Standards 

0.0 

~ p p l i c a b l e ~  
Objective 

1 
1 

Adopted standardsb 

31 Limited fishery and aquatic life, recreational use. 

41 Warmwater fishery and aquatic life, recreational use. 

Total 
Phosphorus 

N / A  

51 Trout fishery and aquatic life, recreational use. 

Includes phosphorus standard as interpreted by SEWRPC. 

Source: SEWRPC. 

Ammonia- 
Nitrogen 

N / A  
N /A 

Dissolved 
Oxygen 

(2.0 mgll) 

Fecal 
Coliform 

(2,000 MFFCC 
per 100 ml) 

X 
X 

Temperature 
( 8 9 ' ~ )  

pH 
(6.0-9.0 

standard units) 

X 



Table 38 

WATER QUALITY INDEX CLASSIFICATIONS 
FOR THE SAMPLING STATIONS OF THE 

MENOMONEE RIVER WATERSHED 
1964 AND 1974-1 975 

Source: SEWRPC. 

Main Stem 
Stations 

Mn-1. . . . . .  
Mn-2. . . . . .  
Mn-3. . . . . .  
Mn-4..  . . . .  
Mn-5. . . . . .  
Mn-6. . . . . .  
Mn-7a. . . . .  
Mn-7b. . . . .  
Mn- lo . .  . . .  

Tributary 
Stations 

Mn-7. . . . . .  
Mn-8. . . . . .  
Mn-9. . . . . .  

Watershed 
Average. . . .  

shed lies adjacent to the Region in Dodge, Fond du Lac, 
and Sheboygan Counties. The geographic, physical, 
economic, and demographic features of the watershed 
are described in Volume One, Chapter I11 of this report. 

Water Quality Conditions: 1964-1965: The 1964-1965 
benchmark streamwater quality study conducted by 
the Commission included the operation of 12 sampling 

July, August, September, 
and October of 1964 

Fair 
Poor 
Good 
Poor 
Poor 
Fair 
Fair 
Fair 
Fair 

Fair 
Fair 
Fair 

Fair 

stations on the Milwaukee River and its major tributaries 
as indicated on Map 40. The water quality data from the 
12 stations for the 1964-1965 sampling period indicated 
chloride concentrations ranging from 0 to 120 milligrams 
per liter (mg/l). The data, moreover, indicated that the 
chloride concentrations were higher during February, 
May, and December, probably reflecting the impact of 
winter street and highway salting operations and spring 
runoff. The dissolved oxygen concentrations recorded at 
the Milwaukee River watershed sampling stations during 
the benchmark survey ranged from 0.0 to  24.2 mg/l and 
indicated substandard dissolved oxygen concentrations 
at sampling stations M1-1 through M1-8, and at M1-11 

August of the 
Years 1974-1975 

Fair 
Fair 
Fair 
Fair 
Poor 
Fair 
Fair 
Fair 
Fair 

Fair 
Fair 
Fair 

Fair 

during July 1964. These substandard conditions may be 
attributed to wastewater treatment plant discharge and 
sewer overflow as well as to agricultural runoff. Total 
coliform counts ranged from 100 to 170,000 membrane 
filter coliform counts per 100 milliliters (MFCC/100 ml). 
High total coliform counts occurred during the low flow 
months of July and August and are attributed to  sewage 
effluents and seepage of septic tank effluents. The specific 
conductance values were highest during the spring runoff 
period and ranged from 245 to 730 micro-mhos per centi- 
meter (umhos/cm) at 25OC. The pH values (hydrogen ion 
concentrations) obtained during the study were withln 
the 6.0 to 9.0 standard units prescribed for rivers and 
streams designated for warmwater or limited fishery and 
other aquatic life. Temperature variations reflected the 
expected seasonal changes. The discharge of cooling 
waters to the Milwaukee River and its major tributaries 
apparently did not elevate the natural water tempera- 
tures significantly. 

Water Quality Conditions: 1965-1975: The 1965-1975 
water quality monitoring effort by the Commission 
included continued sampling at the 12  stations estab- 
lished in the watershed and collecting data from the 
eight Milwaukee-Metropolitan Sewerage District sam- 
pling stations and six Wisconsin Department of Natural 
Resources (DNR) sampling stations shown on Map 40. 
Analysis of the average chloride concentrations recorded 
during the August surveys indicates concentrations which 
significantly exceeded the expected background concen- 
tration of 10 mg/l, except in those areas tributary to the 
North Branch of the Milwaukee River. The highest 
chloride concentrations occurred during snowmelt and 
rainfall runoff events. As well as being associated with 
deicing salts, chloride levels in the watershed are asso- 
ciated with sewage treatment plant effluent, sewer 
overflows, industrial discharges, and functioning septic 
systems and livestock operations. During the sampling 
period, the chloride concentrations ranged from 15.5 to 
131 mg/l. The chloride concentrations increased from 
1968 through 1975 at sampling stations M1-1 and M1-2 
on the main stem of the Milwaukee River. At the same 
time, chloride concentrations decreased at sampling 
stations M1-3 and M1-9, and remained stable at sampling 
stations M1-5, M1-6, and M1-10 through M1-12. The 
chloride concentrations on the tributary streams of 
the Milwaukee River ranged from 6.0 to 324 mg/l and 
generally exhibited a decreasing trend over the decade. 
The chloride concentrations also declined downstream 
from the North Avenue dam because of dilution from the 
Milwaukee River flushing tunnel and the effects of Lake 
Michigan. The chloride concentrations in this stream 
reach are affected by the storm water runoff and sanitary 
sewage discharge from the combined sewer overflows and 
flow relief devices located in the area. 

The recorded levels of dissolved oxygen concentrations 
from 1964 through 1975 ranged from 0.3 to  21.3 mg/l. 
Analysis of the average dissolved oxygen concentrations 
from this period indicates an increasing trend at sam- 
pling stations M1-1, M1-2, M1-5, M1-6, M1-10, and M1-12. 
Decreasing trends in the average dissolved oxygen con- 



centrations were noted at sampling stations M1-3, M1-9, 
and M1-11. Tributary sampling station M1-4 on the 
North Branch of the Milwaukee River and sampling 
stations M1-7 and M1-8 on Cedar Creek exhibited no 
significant change from 1964 through 1975. Substandard 
dissolved oxygen concentrations were also recorded by 
the Milwaukee-Metropolitan Sewerage District at all but 
one of the eight sample sites located on the Milwaukee 
River and Lincoln Creek from 1964 to 1968. Down- 
stream from the North Avenue dam, a general decline 
in the average dissolved oxygen was noted from 1964 
to 1968. 

Review of the fecal coliform data over the period of 
sampling indicated a range of from 10  to 40,000 mem- 
brane filter fecal coliform counts per 100 milliliters 
(MFFCC/100 ml). Generally, fecal coliform bacteria 
increased over the sampling period at the tributary sam- 
pling stations and along the main stem with the exception 
of stations M1-1, M1-10, and Mi-11, which registered 
decreases. The specific conductance values recorded at 
at the Milwaukee River watershed sampling stations 
exhibited an increase in the spring samples, which corres- 
ponds to the increasing trend in the chloride concentra- 
tions. Ranges of specific conductance during the sampling 
period varied from 510 to 1,550 ~~mhoslcrn at 25 '~.  
Stable pH values were noted in the August samples col- 
lected between 1964 and 1975. Temperature variations 
fluctuated as a result of seasonal changes and were within 
normal limits. Ammonia-nitrogen (NH3-N) concentra- 
tions exceeded the established standard of 0.4 mg/l for 
warmwater fishery and aquatic life at only two of the 
12 sampling stations in the Milwaukee River watershed 
between 1972 and 1975. All of the total phosphorus 
concentrations recorded were in excess of the recom- 
mended water quality level of 0.10 mg/l. 

The diurnal water quality data for the Milwaukee River 
exhibited a broad range of dissolved oxygen concentra- 
tions-from 3.7 to 11.3 mg/l at sampling station M1-2, 
and from 7.3 to  11.5 mg/l at sampling station M1-ll-on 
the main stem of the Milwaukee River over a 24-hour 
period. The dissolved oxygen diurnal variations at sam- 
pling station M1-4 located on the North Branch of the 
Milwaukee River ranged from 4.7 to 9.9 mg/l. At sam- 
pling stations M1-7 and M1-8, located on Cedar Creek, 
the dissolved oxygen diurnal variations ranged from 
2.5 to 9.5 mg/l and from4.4 to 9.8 mg/l, respectively. 
These diurnal variations reflect dissolved oxygen reduc- 
tions due to  respiration by aquatic plants and decom- 
position of organic matter deposited in the stream, 
and the dissolved oxygen supersaturation effects of 
algal photosynthesis. 

In addition to exhibiting marked diurnal fluctuations, 
the water quality at the Milwaukee River sampling sta- 
tions exhibited a predictable pattern of spatial variation. 
The water quality, as measured by the dissolved oxygen 
and fecal coliform counts, are generally better upstream 
from the sewage treatment facilities, sanitary sewer flow 
relief devices, and industrial discharges located on the 

Milwaukee River and its tributaries than downstream 
from these sources. 

Compliance with Water Quality Standards 
In general, water quality conditions in the Milwaukee 
River watershed have deteriorated since 1964, although 
some water quality parameters have slightly improved. 
When comparing the 1975 water quality data to  the 
water quality standards adopted by the Wisconsin Depart- 
ment of Natural Resources, dissolved oxygen concentra- 
tions and fecal coliform counts violate the standards 
for recreational use and the maintenance of a warm- 
water fishery and other aquatic life; the objectives set 
for the reaches of the Milwaukee River and its tributaries 
upstream from the North Avenue dam; and the standards 
for restricted use set for fecal coliform for the reaches 
of the main stem of the Milwaukee River downstream 
from the North Avenue dam and for Lincoln Creek. In 
addition, total phosphorus levels upstream from the 
North Avenue dam were found to be significantly higher 
than the recommended level adopted by the Commission. 

Water use objectives and supporting water quality stan- 
dards for lakes have been recommended by the Com- 
mission for the 1 2  major lakes-lakes of 50 acres or 
more-in the Milwaukee River watershed within the 
Region. Two-Mud and Smith Lakes--are designated for 
maintenance of a limited fishery and other aquatic life 
and recreational use. The remaining lakes are designated 
to meet recreational use and maintenance of a warmwater 
fishery and other aquatic life objectives as indicated in 
Table 39, which also assesses the lakes' compliance with 
the recommended lake water quality standards. Of the 
four lakes for which complete water quality data are 
available, only Mud Lake met the preliminary recom- 
mended levels of water quality for all of the parameters. 
Since 1964 the 1 2  sampling stations utilized by the 
Commission have provided information on water quality 
in the larger, continuously flowing streams which total 
99.8 miles tributary to  and inclusive of the Milwaukee 
River. A comparison of the 1964 data to the applicable 
1976 DNR-adopted water quality standards indicates that 
all of the stream reaches sampled violated the standards 
for at least one parameter. In 1975, by comparison, 
78.6 stream miles, or 79 percent, were in violation of one 
or more of the identical standards. Tables 40 and 41 indi- 
cate the water use objectives and supporting standards 
violated during the period of 1964 through 1975. 

General Water Quality Ratings 
Table 42 sets forth the water quality index classifications 
for the 12  commission-operated sampling stations in the 
watershed. As indicated by the index, the 1964 water 
quality of the Milwaukee River main stem was generally 
fair, and the tributary reaches also recorded fair water 
quality. In August of the years 1974 and 1975, 10  of 
the 12 sampling stations in the Milwaukee River water- 
shed were rated as fair. Overall, there was no change in 
the general watershed rating of fair in 1974-1975 as 
compared to  1964 conditions. 



Table 39 

COMPARISON OF WATER QUALITY CONDITIONS TO INITIAL RECOMMENDED LAKE WATER USE OBJECTIVES 
AND SUPPORTING WATER QUALITY STANDARDS I N  THE MILWAUKEE RIVER WATERSHED 

Navsmbsr 18.1974 
November 15. 1973 

November 9.1976 
Nowmber 18. 1974 

NOTE' N/A rndrcafes daca not avadable. 

a There are fhree cafegones of m,craI recommended wafer use oblectrves: I1 limtred f!shery and aquanc ~ f e .  recrear;anai use. 21 warmwafer frrhery and aquawc Zfe. recreafronal use;and 31 rrovf frrhery and aquanc Irfe. recrearronai use. 

The maximum cemperarure rrre a t  the edge of the mlxjng zone above rhe exrmng natural temperatores rhali oor exceed ~ D F  for lakes oorrhsll rheere be any srgnrfrcani artificial lncrearer m remperafure where natural rroor reproducnon !s fo be protected. 

me erwm depth a f s h a ~ o w  laher 10 ro 75 feeti shall be analyzed for drrro,ved ~ o w v e r ,  only the ep,,lmn,on grearer rhan 75 fee? rhau be analyzed for d,ssolved oxygen. 

Source' Wiscoorm Departmen? of Narural ResourceraodSEWRPC 

Of the 12 major lakes in the Milwaukee River watershed 
within the Region, seven have a maximum depth greater 
than 20 feet and therefore are likely to stratify during 
the summer season. Dissolved oxygen profiles prepared 
for these seven lakes indicate that all exhibit less than 
1.0 mg/l dissolved oxygen levels in the lower lake layers 
(hypolimnion), and may adversely affect fish and other 
aquatic life in the lakes. The dissolved oxygen concentra- 
tions in the upper layers (epilimnion) are generally above 
7.0 mg/l. As noted in Table 43, four of the 12 major 
lakes located in the watershed have been classified 
according to their trophic status as determined by the 
dissolved oxygen levels in the lower layers of the lake, 
water clarity of the lake, history of fishkills, and use 
impairment caused by algae and weed abundance. Of the 
four lakes, one was rated as very eutrophic, two as 
mesotrophic, and one as oligotrophic.15 

Toxic and Hazardous Substances: Sampling and analysis 
for toxic and hazardous substances were conducted by 

the Wisconsin Department of Natural Resources in the 
Milwaukee River watershed from 1973 to 1976. In the 
very limited number of samples of streamflow available, 
levels for mercury exceeded the recommended criteria 

l5  U. S. Environmental Protection Agency, Lake Clas- 
sification-A Trophic Characterization of Wisconsin 
Lakes, EPA Report No. 660/3-75-033, June 1975. 
This report and others pertaining to  trophic status 
o f  lakes generally recognize three classifications o f  
trophic status. These classifications consider water 
clarity; chemical parameters; biological parameters, 
including algae and macrophyte growth; physical char- 
acteristics; recorded fishkills; or combinations o f  these. 
The three classifications are reflective of the natural or 

(footnote continued on next page) 



Table 40 

COMPARISON OF OBSERVED WATER QUALITY CONDITIONS TO ADOPTED 1976 STREAM 
WATER USE OBJECTIVES AND SUPPORTING WATER QUALITY STANDARDS FOR 

WARMWATER FISHERY AND RECREATIONAL USE IN THE MILWAUKEE RIVER WATERSHED 

NOTE: X indicates violation of water use objectives. 

a There are five categories of water use objectives: 

1 )  Restricted recreational use and minimum standards. 

2) Marginal aquatic life, recreational use, and minimum standards. 

31 Limited fishery and aquatic life, recreational use. 

41 Warmwater fishery and aquatic life, recreational use. 

51 Trout fishery and aquatic life, recreational use. 

Includes phosphorus standard as interpreted by SEWRPC. 

Source: SEWRPC. 

in 17 of 172 samples, and excessive levels of poly- 
chlorinated biphenyls (PCB's) were recorded in eight 
of 70 samples collected and analyzed. Levels were in 
excess of recommended criteria in two of 67 analyses for 

Sampling 
Stations 

MI-1 
MI-2 
MI-3 
MI-4 
MI-5 
MI-6 
MI-7 
MI-8 
MI-9 
MI-10 
MI-1 1 

Total 

footnote 15 (continued) 

Miles 
Violated 

95.69 

human-induced rates of aging or in-filling experienced 
by the lakes. "Eutrophic" lakes are generally shallower, 
enriched by nutrients and organic matter, and exhibit 
low water clarity, "Very eutrophic" or "dystrophic" are 
terms sometimes used for extreme cases of eutrophic 
lakes. "Mesotrophic" lakes may be o f  moderate depth, 
and exhibit less nutrient and organic enrichment, as well 
as higher levels of water clarity. "Oligotrophic" lakes are 
relatively deep, low in nutrient content and organic 
matter, and exhibit higher levels of water clarity. 

Miles 
Meeting 

All 
Standards 

- 

0.0 

~ p p l i c a b l e ~  
Objective 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

the pesticide known as aldrin, in one out of 73 analyses 
for both heptachlor and heptachlor epoxide pesticides, 
and in one out of 51 analyses for phthalate, a pesticide. 
Sample analyses for cadmium, chromium, copper, lead, 
nickel, zinc, DDT, DDE, DDD, lindane, dieldrin, and 
methoxychlor uncovered no violations of U. S. Environ- 
mental Protection Agency (EPA) recommended levels. 
There are some indications that such substances are 
absorbed in the bottom sediments of the stream network, 
since detectable levels of cadmium, chromium, copper, 
lead, mercury, nickel, zinc, and PCB's were observed; 
however, no criteria have been established to assess the 

Adopted Standardsb 

recorded concentrations. 

WATERSHED OF MINOR STREAMS 
TRIBUTARY TO LAKE MICHIGAN 

Total 
Phosphorus 
(0.1 mgll) 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

Water Quality Conditions 
The composite watershed of the minor streams tributary 

Ammonia- 
Nitrogen 
(0.4 mgll) 

X 

to Lake Michigan is located in the eastern portion of the 

Dissolved 
Oxygen 

(5.0 mgll) 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

Temperature 
( 8 9 ' ~ )  

Fecal 
Coliform 

(400 MFFCC 
per 100 ml) 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

P H 
(6.0-9.0 

standard units) 

X 
X 

X 

X 



Table 41 

COMPARISON OF OBSERVED WATER QUALITY CONDITIONS TO ADOPTED 1976 STREAM 
WATER USE OBJECTIVES AND SUPPORTING WATER QUALITY STANDARDS FOR RESTRICTED 

RECREATIONAL USE AND MINIMUM STANDARDS IN THE MILWAUKEE RIVER WATERSHED 

NOTES: X indicates violation of water use objectives. 
N/A indicates not applicable. 

Sampling 
Station 

MI-12 

Total 

a There are five categories of water use objectives. 

I )  Restricted recreational use and minimum standards. 

~ p p l i c a b l e ~  
Objective 

1 

2) Marginal aquatic life, recreational use, and minimum standards. 

31 Limited fishery and aquatic life, recreational use. 

41 Warmwater fishery and aquatic life, recreational use. 

51 Trout fishery and aquatic life, recreational use. 

Includes phosphorus standard as interpreted by SEWRPC. 

Source: SEWRPC. 

Table 42 

WATER QUALITY INDEX CLASSIFICATIONS 
FOR THE SAMPLING STATIONS OF THE 

MILWAUKEE RIVER WATERSHED 
1964 AND 1974-75 

Adopted Standards b 

Miles 
Violated 

4.15 

Dissolved 
Oxygen 

(2.0 mgll) 

X 

Table 43 

Miles 
Meeting 

All 
Standards 

0.0 

Main Stem 
Stations 

MI-1 . . . . . .  
MI-2. . . . . .  
MI-3. . . . . .  
MI-5 . . . . . .  
MI-6 . . . . . .  
MI-9. . . . . .  
MI-10 . . . . .  
MI-11 . . . . .  
MI-12 . . . . .  

Tributary 
Stations 

MI-4. . . . . .  
MI-7 . . . . . .  
MI-8. . . . . .  

Watershed 
Average. . . .  

TROPHIC CLASSIFICATION OF SELECTED MAJOR LAKES 
IN THE MILWAUKEE RIVER WATERSHED: 1975 

Fecal 
Coliform 

(2,000 MFFCC 
per 100 ml)  

X 

July, August, September, 
and October of 1964 

Fair 
Fair 
Good 
Good 
Good 
Good 
Fair 
Fair 
Fair 

Fair 
Fair 
Fair 

Fair 

a U. S. Environmental Protection Aaencv, Lake Classification- 

Temperature 
( 8 9 ' ~ )  

Major 
Lake Name 

Big Cedar 
Little Cedar 
Mud 
Silver 

August of the 
Years 1974-1 975 

Fair 
Fair 
Fair 
Good 
Fair 
Fair 
Fair 
Good 
Fair 

Fair 
Fair 
Fair 

Fair 

- .  - - ., 
A Trophic Characterization of Wisconsin Lakes, EPA Report 
No. 660/3-75-033, June 1975. 

Source: Water Resources Center-University of Wisconsin and 
SEWRPC. 

County 

Washington 
Washington 
Ozau kee 
Washington 

Source: SEWRPC. 

140 

Total 
Phosphorus 

N /A 

P H 
(6.0-9.0 

standard units) 

categorya 

Mesotrophic 
Mesotrophic 
Very Eutrophic 
Oligotrophic 

Ammonia- 
Nitrogen 

NIA 



Region and on the western shore of Lake Michigan in 
the eastern parts of Ozaukee, Milwaukee, Racine, and 
Kenosha Counties. Three perennial streams, Barnes Creek, 
Pike Creek, and Sucker Creek, drain portions of the 
composite watershed. The geographic, physical, economic, 
and demographic features of the watershed are described 
in Volume One, Chapter III of this report. 

Barnes Creek Subwatershed 
Water Quality Conditions: 1964-1965: The Barnes Creek 
drainage area is located in the eastern portion of Kenosha 
county. The 1964-1965 benchmark streamwater quality 
study of the Commission included the operation of one 
sampling station on Barnes Creek, as indicated on Map 40. 
The water quality data for 1964-1965 indicated chloride 
levels ranging from 30 to 45 milligrams per liter (mg/l), 
which are higher than the normal background chloride 
concentration of area groundwater. These levels reflect 
a chloride impact upon the stream from cultural sources. 
Dissolved oxygen concentrations were greater than the 
recommended minimum of 5.0 mg/l for all samples taken 
during the one-year survey, with ranges of from 6.7 to 
21.7 mg/I. Barnes Creek also exhibited high total coli- 
form counts, which fluctuated from 100 to 88,000 
membrane filter coliform counts per 100 milliliters 
(MFCC/100 ml). The apparent source of this contamina- 
tion was drainage from malfunctioning septic systems. 
The specific conductance values ranged from 560 to 
585 micro-mhos per centimeter (pmhoslcm at 25OC) and 
were associated with high calcium, bicarbonate, and 
sulfate concentrations, indicating that the source of the 
high specific conductance was probably soil erosion. 
The pH values (hydrogen ion concentrations) and tem- 
peratures were within the adopted standards. 

Water Quality Conditions: 1965-1975: The 1965-1975 
continuing water quality monitoring effort by the Com- 
mission included continued sampling at the single sam- 
pling station on Barnes Creek. The observed chloride, 
dissolved oxygen, and fecal coliform levels remained 
essentially unchanged in Barnes Creek over the decade, 
and ranged from 28.0 to  68.0 mg/l, 4.2 to 18.2 mg/l, 
and 100 to 760 membrane filter fecal coliform counts 
per 100 milliliters (MFFCC/100 ml), respectively. Speci- 
fic conductance levels were higher in the 1965-1975 
sampling period than in the 1964-1965 period, and 
ranged from 699 to 960 pmhos/cm at 25 '~.  Temperature 
and pH values were within the recommended levels. 

Compliance with Water Quality Standards: In 1975 
Barnes Creek, designated for restricted use and mini- 
mum standards, met the water quality standards adopted 
by the Wisconsin Department of Natural Resources 
(DNR) for temperature, pH, dissolved oxygen, and 
fecal coliform. 

The single sampling station operated by the Commission 
has provided information on water quality in the con- 
tinuously flowing streams which total 1.4 miles of the 
Barnes Creek subwatershed. A comparison of the 1964 
data to  the applicable 1976 DNR-adopted water quality 
standards indicates that all of the standards were satisfied 
on the stream reaches sampled. In 1975, the same con- 
ditions were found to exist when the identical 1976 

standards were applied. Table 44 indicates the water use 
objectives and supporting standards violated during the 
period of 1964 through 1975. 

Pike Creek Subwatershed 
Water Qualitv Conditions: 1964-1965: The Pike Creek " 

drainage area is located in the eastern portion of Kenosha 
County and in the City of Kenosha. The 1964-1965 
benchmark streamwater quality study of the Commission 
included the operation of one sampling station on Pike 
Creek, as indicated on Map 40. The water quality data 
for 1964-1965 indicated chloride levels ranging from 
20 to 285 milligrams per liter (mg/l), which are higher 
than the normal background chloride concentrations in 
groundwater. These levels reflect a chloride impact upon 
the stream from cultural sources. Substandard dissolved 
oxygen levels and high total coliform counts were found 
during the summer months at the Pike Creek sampling 
station, with ranges of from 3.5 to 12.0 mg/l and from 
10,000 to 740,000 membrane filter coliform counts per 
100 milliliters (MFCC/100 ml), respectively. The specific 
conductance values, which ranged from 260 to 740 micro- 
mhos per centimeter (pmhos/cm) at 25 '~,  were found 
Creek than at the sampling stations on ~ a r n e s  Creek and 
Sucker Creek. The high specific conductance values were 
associated with high calcium, bicarbonate, and sulfate 
concentrations, indicating that the probable source of the 
high specific conductance was soil erosion. The pH values 
(hydrogen ion concentrations) and temperatures were 
within the adopted standards designated for the Pike 
Creek subwatershed. 

Water Quality Conditions: 1965-1975: The 1965-1975 
continuing water quality monitoring effort by the Com- 
mission included continued sampling at the single station 
on Pike Creek. Chloride concentrations ranging from 
18.0 to 52.0 mg/l were observed, showing a slight 
decreasing trend. The observed dissolved oxygen levels 
remained essentially unchanged over the decade with 
ranges of from 3.2 to 12.2 mg/l. The fecal coliform 
counts increased, and ranged from 110 to 64,000 mem- 
brane filter fecal coliform counts per 100 milliliters 
(MFFCC/100 ml). Specific conductance exhibited 
a decreasing trend over the years, with ranges of from 
155 to 708 umhos/cm at 25OC. Temperature, pH, and 
ammonia-nitrogen were within normal limits of the 
designated water use objectives for Pike Creek. Total 
phosphorus ranged from 0.01 to 1.14 mg/l and violated 
recommended standards in two of 10 samples. 

The diurnal water quality data for Pike Creek showed 
a broad range of dissolved oxygen concentrations-from 
1.8 to 11.6 mg/l--over a 24-hour period, reflecting the 
effects of algal photosynthesis and respiration. 

Compliance with Water Quality Standards: In 1975 Pike 
Creek, which is intended for recreational use and the 
maintenance of a warmwater fishery, did not meet the 
water quality standards adopted by the Wisconsin 
Department of Natural Resources (DNR) for dissolved 
oxygen and fecal coliform. In addition, total phosphorus 
levels were in violation of the Commission's recom- 
mended standard of 0.1 mg/l. 



Table 44 

COMPARISON OF OBSERVED WATER QUALITY CONDITIONS TO ADOPTED 1976 STREAM 
WATER USE OBJECTIVES AND SUPPORTING WATER QUALITY STANDARDS FOR RESTRICTED 

RECREATIONAL USE AND MINIMUM STANDARDS IN THE BARNES CREEK WATERSHED 

NOTES: X indicates violation of water use objectives. 
N / A  indicates not applicable. 

a There are five categories o f  water use objectives: 

Sampling 
Station 

Mh-3 

Total 

11 Restricted recreational use and minimum standards. 

Miles 
Violated 

1.4 

21 Marginal aquatic life, recreational use, and minimum standards. 

Miles 
Meeting 

All 
Standards 

0.0 

~ p p l i c a b l e ~  
Objective 

1 

31 Limited fishery and aquatic life, recreational use. 

4) Warmwater fishery and aquatic life, recreational use. 

Adopted standardsb 

51 Trout fishery and aquatic life, recreational use. 

Includes phosphorus standard as interpreted by SEWRPC. 

Total 
Phosphorus 

N / A  

Dissolved 
Oxygen 

(2.0 mgll) 

X 

Source: SEWRPC. 

The sampling station operated by the Commission has 
provided information on water quality within Pike Creek, 
which totals 2.0 stream miles. A comparison of the 1964 
data to the applicable 1976 DNR-adopted water quality 
standards indicates that Pike Creek violated the appli- 
cable water quality standards. In 1975, the same condi- 
tions were found to exist when identical 1976 standards 
were applied. Table 45 indicates the water use objectives 
and supporting standards violated during the period of 
1964 through 1975. 

Fecal 
Coliform 

(2,000 MFFCC 
per 100 ml) 

X 

Sucker Creek Subwatershed 
Water Quality Conditions: 1964-1965: The Sucker Creek 
drainage area is located in the eastern vortion of Ozaukee 

Temperature 
( 8 9 O ~ )  

count;. The 1964-1965 benchmark sireamwater quality 
study of the Commission included the operation of 
one sampling station in the Sucker Creek drainage area 
as indicated on Map 40. The water quality data for 
1964-1965 indicated chloride levels of 30 milligrams per 
liter (mgll), higher than the normal background chloride 
concentration in groundwater, and reflective of chloride 

pH 
(6.0-9.0 

standard units) 

impacts upon the stream from cultural sources. Substan- 
dard concentrations of dissolved oxygen and high total 

Ammonia- 
Nitrogen 

N / A  

coliform counts were found during the summer months 
at Sucker Creek and ranged from 0.3 to  10.0 mg/l, and 
100 to 140,000 membrane filter coliform counts per 
100 milliliters (MFCC/100 ml), respectively. The high 
specific conductance values found on Sucker Creek 
were associated with high calcium, bicarbonate, and 
sulfate concentrations, indicating the probable source 

was sediment erosion. Ranges of from 725 to 790 micro- 
mhos per centimeter (umhoslcm) at 25OC were reported. 
Temperature and pH values (hydrogen ion concen- 
trations) were within the designated limits of the stan- 
dards adopted by the Wisconsin Department of Natural 
Resources (DNR). 

Water Quality Conditions: 1965-1975: The 1965-1975 
continuing water quality monitoring effort by the Com- 
mission included continued sampling at the single station 
on Sucker Creek. The observed dissolved oxygen con- 
centrations ranged from 0.8 to  12.5 mg/l, indicating that 
water quality conditions improved in Sucker Creek over 
the pehod. Fecal coliform counts, however, increased 
and the chloride levels decreased slightly over the period. 
Ranges of from 140 to 4,300 membrane filter fecal 
coliform counts per 100 milliliters (MFFCC/100 ml) and 
from 33 to 92 mg/l of chloride were recorded during the 
sampling period. Specific conductance values ranged from 
543 to 944 pmhoslcm at 2 5 ' ~  and showed a gradual 
decrease since 1964. Temperature, pH, and arnmonia- 
nitrogen were within the adopted standards for all 
samples analyzed and ranged from 65 to 8 9 O ~ ,  7.3 t o  
8.4 standard units,and 0.03 to 0.18 mg/l, respectively. 
Concentrations of total phosphorus were generally in 
excess of the recommended level and ranged from 0.05 to 
0.16 mg/l. 

Compliance with Water Quality Standards: Although 
generally constant over the decade, the water quality of 



Table 45 

COMPARISON OF OBSERVED WATER QUALITY CONDITIONS TO ADOPTED 1976 STREAM 
WATER USE OBJECTIVES AND SUPPORTING WATER QUALITY STANDARDS FOR 

WARMWATER FISHERY AND RECREATIONAL USE I N  THE PIKE CREEK SUBWATERSHED 

NOTE: X indicates violation of water use objectives. 

Sampling 
Station 

Mh-2 

Total 

a There are five categories of water use objectives. 

71 Restricted recreational use and minimum standards. 

21 Marginal aquatic life, recreational use, and minimum standards. 

Miles 
Meeting 

All 
Standards 

0.0 

~ p p l i c a b l e ~  
Objective 

4 

31 Limited fishery and aquatic life, recreational use. 

41 Warmwater fishery and aquatic life, recreational use. 

51 Trout fishery and aquatic life, recreational use. 

Miles 
Violated 

2.0 

Adopted standardsb 

Includes phosphorus standard as interpreted by SEWRPC 

Dissolved 
Oxygen 

(5.0 mglll 

X 

Source: SEWRPC. 

Sucker Creek, which is intended for recreational use and 
for the maintenance of a warmwater fishery and other 
aquatic life, did not meet the water quality standards 
adopted by the DNR for dissolved oxygen, total phos- 
phorus, and fecal coliform in 1975. 

Fecal 
Coliform 

(400 MFFCC 
per 100 ml) 

X 

The sampling station operated by the Commission 
has provided information on the water quality of 
Sucker Creek, which has a stream length of 3.8 miles. 
A comparison of the 1964 data to  the applicable 
1976 DNR-adopted water quality standards indicates 

pH 
(6.0-9.0 

standard units) 
Temperature 

( 8 9 ' ~ )  

that Sucker Creek violated applicable water quality 
standards. In 1975 the same conditions were found to 
exist when identical standards were applied. Table 46 
indicates the water use objectives and supporting stan- 
dards violated during the period of 1964 through 1975. 

General Water Quality Ratings 
Table 47 sets forth the water quality index classifications 
for the three Commission-operated sampling stations in 
the watershed. As indicated by the index, the 1964 water 
quality ratings of Barnes, Pike, and Sucker Creeks were 

Ammonia- 
Nitrogen 
(0.4 mgll) 

X 

fair. Fair conditions also existed at all three stations in 
August of the years 1974 and 1975. 

Total 
Phosphorus 
(0.1 mgll) 

X 

Toxic and Hazardous Substances: No known streamwater 
or bottom sediment sampling for toxic and hazardous - 
materials in the form of heavy metals, polychlorinated 
biphenyls (PCB's), or pesticides has been conducted 
within the three subwatersheds, and, therefore, no con- 
clusions may be drawn with regard to the presence of 
these substances. 

OAK CREEK WATERSHED 

Water Quality Conditions 
The Oak Creek watershed is located in the east central 
portion of the Region. The main stem of Oak Creek 
rises and flows easterly and northerly within Milwaukee 
County for approximately 1 3  miles before emptying into 
Lake Michigan on the eastern border of the watershed. 
The geographic, physical, economic, and demographic 
features of the watershed are described in Volume One, 
Chapter I11 of this report. 

Water Quality Conditions: 1964-1965: The 1964-1965 
benchmark streamwater quality study of the Commission 
included the operation of two sampling stations on the 
Oak Creek main stream as indicated on Map 40. The 
water quality data for 1964-1965 from the two sampling 
stations indicated chloride levels were higher than back- 
ground levels, reflecting a probable chloride impact upon 
the stream from winter salting operations, urban storm 
runoff, domestic onsite sewage disposal systems, sewer 
overflows, and animal feeding operations. The chloride 
concentrations during the 1964-1965 sampling period 
ranged from 30 to 135 milligrams per liter (mgll). High 
concentrations of dissolved oxygen were noted at both 
stations, with levels ranging from 6.4 to  13.7 mg/l during 
the entire 14-month sampling period from January 1964 
through February 1965. During this sampling period, 
total coliform bacteria counts ranged from 500 to 33,000 
membrane filter coliform counts per 100 milliliters 
(MFCC/100 ml), with the higher values being recorded 
at station Ok-2. These levels indicate the presence of fecal 



Table 46 

COMPARISON OF OBSERVED WATER QUALITY CONDITIONS TO ADOPTED 1976 STREAM 
WATER USE OBJECTIVES AND SUPPORTING WATER QUALITY STANDARDS FOR 

WARMWATER FISHERY AND RECREATIONAL USE I N  THE SUCKER CREEK SUBWATERSHED 

NOTE: X indicates violation o f  water use objectives. 

a There are five categories o f  water use objectives: 

I 1  Restricted recreational use and minimum standards. 

21 Marginal aquatic life, recreational use, and minimum standards. 

3) Limited fishery and aquatic life, recreational use. 

41 Warmwater fishery and aquatic life, recreational use. 

51 Trout fishery and aquatic life, recreational use. 

Includes phosphorus standard as interpreted by SEWRPC. 

Source: SEWRPC. 

Sampling 
Station 

Mh-1 

Total 

coliform bacteria contamination in Oak Creek from 
several possible sources, including malfunctioning onsite 
sewage disposal systems and runoff from animal feeding 
operations within the watershed. The specific con- 
ductance values were found to be moderately high in 
August 1964 at both sampling stations. Ranges through- 
out the sampling period varied from 375 to 755 micro- 
mhos per centimeter (nmhos/cm) at 25 '~ .  The pH values 
(hydrogen ion concentrations) and temperature were 
within the standards established by the Wisconsin Depart- 
ment of Natural Resources (DNR). 

~ p p l i c a b l e ~  
Objective 

4 

Table 47 

Miles 
Violated 

3.8 

WATER QUALITY INDEX CLASSIFICATIONS FOR THE 
SAMPLING STATIONS OF THE MINOR STREAMS 

TRIBUTARY TO THE LAKE MICHIGAN WATERSHED 
1964 AND 1974-75 

Miles 
Meeting 

All 
Standards 

0.0 

Adopted standardsb 

Source: SEWRPC. 

Total 
Phosphorus 
(0.1 mgl l)  

X 

Dissolved 
Oxygen 

(5.0 mgl l)  

X 

Water Quality Conditions: 1965-1975: The 1965-1975 
water quality monitoring effort by the Commission 
included continued sampling at the two stations estab- 
lished in the watershed. In addition, data were collected 
from four Milwaukee-Metropolitan Sewerage District 
sampling stations as shown on Map 40. The Commission 
water quality data for 1965-1975 indicated that chloride 
concentrations, which ranged from 27 mg/l to  221 mg/l, 
were higher during the spring snowmelt and runoff 
months as compared to  other sampling periods through- 
out the year. Dissolved oxygen levels fluctuated from 
1.5 to 13.1 mg/l at station Ok-1, with intermediate ranges 
monitored at station Ok-2. Lower dissolved oxygen levels 
were observed in 1975 than in any of the prior sampling 
years, indicating that the water quality conditions had 
declined during the sampling period. Review of the fecal 
coliform data indicates a general decline in water quality 
at sampling station Ok-2 and a general improvement at 
sampling station Ok-1 between 1967 and 1975. This may 
be attributable to  higher sewage flows and associated 
sanitary sewage bypassing at  the downstream station 
Ok-2, and to declining livestock numbers within the 
watershed over the sampling years at the upstream 
sampling station, Ok-1. The elimination of sanitary 
sewage flow relief devices may, however, be reflected in 
lower fecal coliform counts observed in 1975 compared 
to those of 1974 at station Ok-2. Fecal coliform bacteria 
counts ranged from 130 to 1,800 membrane filter fecal 
coliform counts per 100 milliliters (MFFCC/100 ml) 
during the period of sampling. Specific conductance 
values ranged from 609 to  1,720 ~.~mhos/cm at 25OC 

August of the 
Years 1974-1975 

Fair 
Fair 
Fair 

Fair 

Main Stem 
Stations 

Mh-1 (Sucker Creek) . . 
Mh-2 (Pike Creek). . . . 
Mh-3 (Barnes Creek) . . 
Watershed 
Average. . . . . . . . . . 

Fecal 
Coliform 

(400 MFFCC 
per 100 m l )  

X 

July, August, September, 
and October of 1964 

Fair 
Fair 
Fair 

Fair 

Temperature 
( 8 9 ' ~ )  

pH 
(6.0-9.0 

standard units) 

Ammonia- 
Nitrogen 
(0.4 mg/l)  



during the 1965-1975 monitoring period. Both stations 
indicated decreasing dissolved solids in the sampling 
period after the 1964-1965 benchmark survey. Ammonia- 
nitrogen (NH3-N), which is toxic to fish and other aquatic 
life, exceeded the recommended 0.4 mg/l maximum con- 
centration at sampling station Ok-1 on two occasions 
during the 1972-1975 period in which ammonia-nitrogen 
was sampled. The concentrations ranged from 0.03 to 
0.44 mg/l. The total phosphorus concentrations ranged 
from 0.02 to 0.23 mg/l of which approximately 50 per- 
cent exceeded the recommended standard. 

The diurnal water quality data for Oak Creek show 
a broad range of dissolved oxygen concentrations, from 
4.2 to 13.1 mg/l over a 24-hour period, reflecting the 
dissolved oxygen reductions due to respiration by the 
aquatic plants and decomposition of organic matter in 
the stream, and the dissolved oxygen supersaturation 
effects of algal photosynthesis. In addition to  exhibiting 
marked diurnal fluctuations, water quality in the Oak 
Creek watershed exhibited spatial variation. The water 
quality was generally of a higher quality at the down- 
stream sampling station, Ok-2, than at the upstream 
station, Ok-1, as measured by fecal coliform, dissolved 
oxygen, chloride, and specific conductance. 

Compliance with Water Quality Standards 
In general, water quality conditions in the Oak Creek 

watershed have deteriorated slightly since 1964, as 
indicated by the decline in the average dissolved oxygen 
concentrations from 13.4 mg/l in 1964 to 3.9 mg/l in 

1975 at sampling station Ok-1, and from 10.3 mg/l in 
1964 to 6.1 mg/l in 1975 at sampling station Ok-2. 
When comparing the 1975 water quality data to the 
applicable 1976 DNR-adopted standards, dissolved 
oxygen concentrations and fecal coliform counts were 
found not to  meet the minimum standards for recrea- 
tional use and the maintenance of a warmwater fishery 
and other aquatic life. The level of total phosphorus 
was higher than the recommended level adopted by 
the Commission, and the levels of ammonia-nitrogen 
exceeded the established maximum standard of 0.4 mg/l 
in streams on two occasions at station Ok-1. 

The two sampling stations operated by the Commission 
have provided information on water quality in the larger, 
continuously flowing stream reaches which total 10  miles 
of the Oak Creek main stem. A comparison of the 1964 
data to  the applicable 1976 DNR-adopted water quality 
standards indicates that all of the applicable standards 
were satisfied on the stream reaches sampled. In 1975, 
by comparison, all 10  miles sampled were in violation 
of the identical standards, indicating lower water quality 
in 1975 as compared to 1964. Table 48 indicates the 
water use objectives and supporting standards violated 
during the period of 1964 through 1975. 

Table 48 

COMPARISON OF OBSERVED WATER QUALITY CONDITIONS TO ADOPTED 1976 STREAM 
WATER USE OBJECTIVES AND SUPPORTING WATER QUALITY STANDARDS FOR 

WARMWATER FISHERY AND RECREATIONAL USE IN THE OAK CREEK WATERSHED 

NOTE: X indicates violation of water use objectives. 

a There are five categories of water use objectives: 

71  Restricted recreational use and minimum standards. 

21 Marginal aquatic life, recreational use, and minimum standards. 

31 Limited fishery and aquatic life, recreational use. 

41 Warmwater fishery and aquatic life, recreational use. 

51 Trout fishery and aquatic life, recreational use. 

Includes phosphorus standard as interpreted by SEWRPC. 

Source: SEWRPC. 

r 

Sampling 
Stations 

Ok-1 
0 k-2 

Total 

Miles 
Violated 

10.6 

Miles 
Meeting 

All 
Standards 

0.0 

~ p p l i c a b l e ~  
Objective 

4 
4 

Adopted standardsb 

Dissolved 
Oxygen 

(5.0 mg/ll 

X 
X 

Fecal 
Coliform 

(400 MFFCC 
per 100 ml) 

X 
X 

Temperature 
( 8 9 O ~ l  

Ammonia- 
Nitrogen 
(0.4 mg/l) 

X 

pH 
(6.0-9.0 

standard units) 

Total 
Phosphorus 
(0.1 mg/l) 

X 
X 



General Water Quality Ratings 
Table 49 sets forth the water quality index classifications 
for the two Commission-operated sampling stations in the 
watershed. As indicated by the index, the 1964 water 
quality of Oak Creek was good. Fair conditions existed 
at both stations in August of the years 1974 and 1975. 

Toxic and Hazardous Substances: Sampling and analysis 
for pesticides, polychlorinated biphenyls (PCB's), and 
heavy metals were conducted by the Wisconsin Depart- 
ment of Natural Resources in the Oak Creek watershed 
from 1975 through 1976. In the in-stream water quality 
samples for which toxic and hazardous substances were 
tested, recommended levels of mercury were exceeded 
in two out of a total of 48 samples collected and recom- 
mended levels of PCB's were exceeded in one out of 
10 samples collected. Sample analyses for cadmium, 
chromium, copper, lead, nickel, zinc, DDT, DDE, DDD, 
aldrin, heptachlor, heptachlor epoxide, lindane, dieldrin 
methoxychlor, and phthalate uncovered no violations of 
U. S. Environmental Protection Agency (EPA) recom- 
mended levels. Sampling and analysis of bottom sediment 
was conducted for Oak Creek, and detectable levels of 
cadmium, chromium, copper, lead, mercury, nickel, 
zinc, and PCB's were observed; however, no criteria have 
been established to assess the recorded concentrations. 

PIKE RIVER WATERSHED 

Water Quality Conditions 
The Pike River watershed is located in the south- 
east portion of the Region, rising in Racine County 
and flowing 16.6 miles south and east to enter Lake 
Michigan in the City of Kenosha in Kenosha County. 
The geographic, physical, economic, and demographic 
features of the watershed are described in Volume One, 
Chapter I11 of this report. 

Water Quality Conditions: 1964-1965: The 1964-1965 
benchmark streamwater quality study included the 
operation of four sampling stations in the Pike River 
watershed-two on the Pike River and two on Pike 
Creek--as indicated on Map 40. The water quality data 
for 1964-1965 from the two sampling stations on the 
Pike River showed that chloride levels were higher than 
the normal background concentration, reflecting an 
impact from human sources. Chloride concentrations 
ranged from 35 to 90 milligrams per liter (mg/l). The two 
sampling stations situated on Pike Creek also exhibited 
chloride concentrations higher than the background 
levels with ranges of from 35 to 90 mg/l over the 
14-month sampling period. These higher chloride con- 
centrations are attributed to  the effluent from the 
Town of Somers Sanitary District No. 2 and from the 
American Motors Corporation waste treatment facility. 
Dissolved oxygen levels at Pk-2 and Pk-3 on Pike Creek 
varied from 0.4 to  13.2 mg/l. High total coliform counts 
were found at all four sampling locations and ranged 
from 1,200 to 1,800,000 membrane filter coliform 
counts per 100 milliliters (MFCC/100 ml). The specific 
conductance values were high at all four locations, 

ranging from 380 to 905 micro-mhos per centimeter 
(ymhos/cm) at 25 '~,  with the highest values recorded 
at the Pike River sampling stations during the winter 
months. The pH values (hydrogen ion concentrations) 
were within the normal range of 6.0 to  9.0 standard 
units and the temperature did not exceed the prescribed 
standard of 8g°F in any of the samples. 

Water Quality Conditions: 1965-1975: The water quality 
monitoring survey carried out by the Commission from 
1965 through 1975 included continued sampling at the 
four stations in the Pike River watershed. The chloride 
and fecal coliform levels showed a decrease over the 
period at all four locations, with the exception of the 
samples collected in 1968, 1969, and 1972, which were 
preceded by rain according to precipitation records 
of the Racine Department of Air Pollution Control. 
Chloride concentrations ranged from 16.0 to 90.0 mg/l 
and fecal coliform counts ranged from 1 0  to 12,000 
membrane filter fecal coliform counts per 100 milliliters 
(MFFCC/100 ml). The dissolved oxygen content of the 
samples collected at the Pike River stations indicated that 
the water quality improved slightly over the decade, 
probably reflecting improved operation and maintenance 
at the Village of Sturtevant sewage treatment facilities. 
The applicable dissolved oxygen standard, however, was 
still not met. Concentrations at the four stations within 
the watershed ranged from 1.5 to  16.1 mg/l. In Pike 
Creek, near its confluence with Pike River, the dissolved 
oxygen concentrations remained fairly stable. However, 
significant fluctuations in the recorded values of dissolved 
oxygen concentrations were observed near the source of 
Pike Creek. The observed variation in the water quality 
at Pike Creek as measured by the dissolved oxygen is 
attributable to  the variation in the flow of Pike Creek 
which is dependent on precipitation and flow from the 
industrial and municipal treatment facilities located in 

Table 49 

WATER QUALITY INDEX CLASSIFICATIONS 
FOR THE SAMPLING STATIONS OF THE 

OAK CREEK WATERSHED 
!964 AND 1974-75 

Source: SEWRPC. 

Main Stem 
Stations 

Ok-I . . . . . .  
Ok-2.. . . . .  
Watershed 
Average. . . .  

July, August, September, 
and October of 1964 

Good 
Good 

Good 

August of the 
Years 1974-1975 

Fair 
Fair 

Fair 



the subwatershed. Specific conductance concentrations 
exhibited higher values in the 1965-1975 sampling period 
than in the 1964-1965 sampling period with ranges of 
from 313 to 1,455 pmhos/cm at 25'~. These increases 
were due in part to  increased rainfall amounts recorded 
during the period of sampling. The pH values (hydrogen 
ion concentrations) met the applicable standards, and 
ranged from 7.5 to  9.0 standard units, and temperature 
readings fluctuated with seasonal air temperatures. 
Ammonia-nitrogen (NH3-N) levels varied throughout the 
watershed and ranged from 0.03 to 1.49 mg/l; however, 
values in excess of 0.4 mg/l occurred only at Pk-1 on the 
main stem of the Pike River. Total phosphorus con- 
centrations were in excess of the recommended level 
of 0.10 mg/l on the Pike River in all the samples 
collectedsamples were collected between 1972 and 
1975-with two exceptions: the samples collected at 
station Pk-4 in August of 1974 and August of 1975. 
The concentrations ranged from 0.05 to 0.8 mg/l. 

The diurnal water quality data in the Pike River and Pike 
Creek indicated a broad range of dissolved oxygen con- 
centrations, from 1.5 to 14.5 mg/l over a 24-hour period, 
reflecting the effects of photosynthesis and respiration 
by aquatic plants. In addition to  exhibiting marked 
diurnal fluctuations, Pike River water quality is charac- 
terized by spatial variations. The water quality improved 
slightly from the headwaters areas of the Pike River to 
downstream near the mouth of the river at Lake Michigan 
as measured by the decrease in fecal coliform, total 
nitrogen, and total phosphorus and the increase in the 
dissolved oxygen concentration. Similarly, the water 
quality improved in the downstream portions of Pike 
Creek (Pk-3) when compared to the upstream loca- 
tion (Pk-2). 

Compliance with Water Quality Standards 
The water quality of the Pike River in Kenosha County 
is designated for recreational use and for the maintenance 
of a warmwater fishery and other aquatic life. Although 
the quality was fairly constant between 1965 and 1975, 
it did not meet the water quality standards adopted by 
the Wisconsin Department of Natural Resources (DNR) 
for dissolved oxygen, fecal coliform, and ammonia- 
nitrogen. Total phosphorus concentrations were also 
found to be higher than the recommended level adopted 
by the Commission except for the level recorded at 
sampling station Pk-4, which was 0.05 mg/l. With respect 
to the Pike River in Racine County, which is designated 
for restricted use and minimum standards, no water 
quality data are available for comparison to the estab- 
lished standards. With regard to station Pk-2 on Pike 
Creek upstream from the confluence with the Somers 
Branch tributary and designated for restricted use and 
minimum standards, the water quality levels measured 
in 1975 did meet the adopted standards for pH, tempera- 
ture, dissolved oxygen, and fecal coliform. Station Pk-3 
on that portion of Pike Creek designated for a limited 
fishery and aquatic life was also in compliance with 
the adopted stream standards. 

The four sampling stations operated by the Commission 
have provided information on water quality in the larger, 

continuously flowing streams which total 12.6 miles 
tributary to  and inclusive of the Pike River. A com- 
parison of the 1964 data to  the applicable 1976 DNR- 
adopted water quality standards indicates that violations 
of the standards for one or more parameters occurred on 
6.6 miles, or 52 percent, of the stream reaches sampled. 
In 1975, the same conditions were found to exist when 
identical standards were applied. Tables 50 and 51 indi- 
cate the water use objectives and supporting standards 
violated during the period of 1964 through 1975. 

General Water Quality Ratings 
Table 52 sets forth the water quality index classifications 
for the four Commission-operated sampling stations in 
the watershed. As indicated by the index, the 1964 water 
quality of the Pike River watershed was generally poor, 
with station Pk-4 recording fair water quality. In August 
of the years 1974 and 1975 all four sampling stations in 
the Pike watershed exhibited fair conditions. 

Toxic and Hazardous Substances: Sampling and analysis 
for pesticides, polychlorinated biphenyls (PCB's), and 
heavy metals were conducted by the Wisconsin Depart- 
ment of Natural Resources in the Pike River watershed in 
1973. In the in-stream water quality samples for which 
toxic and hazardous substances were tested, recom- 
mended levels of mercury were exceeded in one of five 
samples analyzed. For the persistent pesticides of DDT, 
heptachlor epoxide, lindane, and dieldrin, recommended 
criteria were exceeded in one of nine, two of nine, one 
and three of eight samples collected, respectively. Sample 
analyses for cadmium, chromium, copper, lead, nickel, 
zine, PCB's, DDE, DDD, aldrin, heptachlor, methoxychlor, 
and phthalate uncovered no violations of U. S. Environ- 
mental Protection Agency (EPA) recommended levels. 
No stream bottom sediment analyses were conducted for 
any of the toxic and hazardous substances. 

ROCK RIVER WATERSHED 

Water Quality Conditions 
The Rock River watershed is located in the westerly 
portion of the Region and is only partially contained 
in the Region, with the Rock River main stem itself 
arising and flowing outside of the Region. Seventeen 
tributaries of the Rock River originate in the Region. 
The geographic, physical, economic, and demographic 
features of the watershed are described in Volume One, 
Chapter 111 of this report. 

Water Quality Conditions: 1964-1965: The 1964-1965 
benchmark stream water quality study of the Commis- 
sion included the operation of 13  sampling stations in 
the watershed within the Region, eight on the Upper 
Rock and five on the lower Rock River watershed, as 
indicated on Map 40. The water quality data for 
1964-1965 from the 13  sampling stations on the Rock 
River tributaries indicated that the chloride levels were 
generally higher than the normal background concentra- 
tion, reflecting an impact upon the stream from human 
sources. The exceptions were the sampling stations on the 
Ashippun River and the Bark River, at which the chloride 
concentrations were found to be less than 10 milligrams 



Table 50 

COMPARISON OF OBSERVED WATER QUALITY CONDITIONS TO ADOPTED 1976 STREAM WATER USE 
OBJECTIVES AND SUPPORTING WATER QUALITY STANDARDS FOR WARMWATER FISHERY AND 

RECREATIONAL USE AND FOR LIMITED FISHERY AND RECREATIONAL USE IN THE PIKE RIVER WATERSHED 

NOTE: X indicates violation of water use objectives. 

Sampling 
Stations 

Pk-1 
Pk-3 

P k-4 

Total 

a There are five categories of water use objectives: 

7) Restricted recreational use and minimum standards. 

2) Marginal aquatic life, recreational use, and minimum standards. 

31 Limited fishery and aquatic life, recreational use. 

~ p p l i c a b l e ~  
Objective 

4 
3 

4 

41 Warmwater fishery and aquatic life, recreational use. 

51 Trout fishery and aquatic life, recreational use. 

Includes phosphorus standard as interpreted by SEWRPC. 

Clndicates applicable standard for designated water use objective other than warmwater fishery and recreational use. 

Source: SEWRPC. 

per liter (mgll). The concentrations ranged from 0.0 to 
850 mgll. The high chloride concentrations at certain 
rural locations may be attributed to  malfunctioning 
septic systems and animal feedlot runoff. In more urban- 
ized areas, chloride concentrations may be attributed to 
sewage treatment plant effluent, urban runoff, and load- 
ings during snowmelt and spring runoff periods. 

Adopted standardsb 

Substandard concentrations of dissolved oxygen were 
detected at stations Rk-4 and Rk-8 on the Rubicon River 
and Oconomowoc River, respectively. In addition, 
extremely low values, below 2.0 mg/l, were consistently 
recorded at the Jackson Creek site, Rk-11, as a result 
of the City of Elkhorn sewage treatment plant. Ranges 
of dissolved oxygen concentrations at  the 1 3  sites within 
the watershed during the 1964-1965 sampling period 
varied from 0.0 to  17.1 mg/l. 

Miles 
Violated 

7.4 

Dissolved 
Oxygen 

(5.0 mgll) 

X 
X 

(3.0 mglllc 
X 

During the sampling period, total coliform counts were 
found to vary from less than 100 to  2,300,000 membrane 
filter coliform counts per 100 milliliters (MFCC/100 ml). 
The higher levels of total coliform were detected at those 
sampling sites with sewage treatment plants upstream. 

Miles 
Meeting 

All 
Standards 

0.0 

Specific conductance values ranged from 376 to 3,390 
micro-mhos per centimeters (pmhoslcm) at 2 5 O ~ ,  with 
the highest values being found in the Rubicon River, sites 
Rk-3 and Rk-4, and the lowest values being recorded at 
the three Oconomowoc River sites. At no location within 
the watershed was the pH value (hydrogen ion concentra- 
tion) found to  be outside the range of 6.0 to 9.0 standard 
units prescribed for recreational use and the maintenance 
of a warmwater fishery and aquatic life-the water use 
objectives prescribed for all the streams in the watershed 
for which data were available with the exception of site 
Rk-11 on Jackson Creek, which is classified for marginal 
aquatic life and recreational use. 

During the 1964-1965 sampling period temperatures 
ranged from 32O to 4 8 O ~  between December and May 
and from 36O to 80°F between May and November. The 
temperature variations, threfore, can be attributed to  
diurnal or seasonal changes. 

Water Quality Conditions: 1965-1975: The 1965-1975 
water quality monitoring effort by the Commission 
included continued sampling at the 1 3  stations in 
the watershed. 

Fecal 
Coliform 

(400 MFFCC 
per 100 ml) 

X 
X 

X 

Temperature 
( 8 9 O ~ )  

PH 
(6.0-9.0 

standard units) 

X 

Ammonia- 
Nitrogen 
(0.4 mg/l) 

X 
X 

(3.5 m g ~ l ) ~  

Total 
Phosphorus 
(0.1 mg/l) 

X 
X 

X 



Table 51 

COMPARISON OF OBSERVED WATER QUALITY CONDITIONS TO ADOPTED 1976 STREAM 
WATER USE OBJECTIVES AND SUPPORTING WATER QUALITY STANDARDS FOR RESTRICTED 

RECREATIONAL USE AND MINIMUM STANDARDS I N  THE PlKE RIVER WATERSHED 

NOTES: X indicates violation of water use objectives. 
N/A indicates not applicable. 

a There are five categories of water use objectives: 

1 )  Restricted recreational use and minimum standards. 

21 Marginal aquatic life, recreational use, and minimum standards. 

31 Limited fishery and aquatic life, recreational use. 

4)  Warm water fishery and aquatic life, recreational use. 

51 Trout fishery and aquatic life, recreational use. 

Includes phosphorus standard as interpreted by SEWRPC. 

Miles 
Meeting 

All 
Standards 

0.0 

Source: SEWRPC. 

Miles 
Violated 

5.2 

Sampling 
Station 

Pk-2 

Total 

The chloride concentration data indicated essentially 
stable conditions over the decade at all the sampling 
stations with the exception of Rk-4 on the Rubicon 
River, where a significant decrease in chloride levels 
was observed. The concentrations ranged from 3.0 to  
897 mg/l over the 10-year sampling period. 

The observed dissolved oxygen levels indicate that the 
water quality remained essentially stable at all sampling 
station locations with the exception of stations Rk-1 
on the East Branch of the Rock River, Rk-4 on the 
Rubicon River, and Rk-8 on the Oconomowoc River. 
A slight decrease in the dissolved oxygen content over 
the decade was observed at stations Rk-1 and Rk-8. 
The dissolved oxygen content showed an increase over 
the decade at sampling station Rk-4 on the Rubicon 
River. Ranges of dissolved oxygen varied from 0.3 to 
25.1 mg/l during the 1965 to 1975 sampling period. 

/pplicablea 
Objective 

1 

Fecal coliform bacteria counts were found to be in 
excess of 2,000 membrane filter fecal coliform counts 
per 100 milliliters (MFFCC/100 ml) at stations Rk-1, 
Rk-4, Rk-8, Rk-10, Rk-11, and Rk-13. The range of fecal 
coliform at the 1 3  sampling stations varied from less than 
10 to 60,000 MFFCC/100 ml. Excessive counts of fecal 

Adopted Standards b 

coliform bacteria may be attributed to  effluent discharges 
from the City of Hartford, City of Oconomowoc, City of 
Whitewater, City of Elkhom, and City of Delavan sewage 
treatment plants located just upstream from sampling 
stations Rk-4, Rk-8, Rk-10, Rk-11, and Rk-13, respec- 
tively. Fecal coliform loadings elsewhere in the watershed 
may be attributed to malfunctioning septic tanks and 
animal waste runoff. 

Table 52 

Dissolved 
Oxygen 

(2.0 mgll) 

X 

WATER QUALITY INDEX CLASSIFICATIONS 
FOR THE SAMPLING STATIONS OF THE 

PlKE RIVER WATERSHED 
1964 AND 1974-75 

Ammonia- 
Nitrogen 

N / A  

Total 
Phosphorus 

N /A  

Fecal 
Coliform 

(2,000 MFFCC 
per 100 ml) 

X 

Source: SEWRPC. 

Main Stem 
Stations 

Pk-1 . . . . . . 
Pk-4. . . . . . 

Tributary 
Stations 

Pk-2. . . . . . 
Pk-3 . . . . . . 
Watershed 
Average. . . . 

The fecal coliform counts remained essentially unchanged 
between 1967 and 1975 at sampling stations Rk-1 on the 
East Branch of the Rock River, Rk-3 on the Rubicon 
River, Rk-7 on the Oconomowoc River, Rk-9 on the 
Bark River, and Rk-12 on the Delavan Lake Outlet. How- 
ever, the fecal coliform counts decreased at sampling 
stations Rk-5 on the Ashippun River, Rk-6 on the 

Temperature 
( 8 9 O ~ )  

pH 
(6.0-9.0 

standard units) 

July, August, September, 
and October of 1964 

Poor 
Fair 

Poor 
Poor 

Poor 

August of the 
Years 1974-1 975 

Fair 
Fair 

Fair 
Fair 

Fair 



Oconomowoc River, and Rk-10 on Whitewater Creek. 
At the other five locations, no trends in fecal coliform 
counts were observed. 

Specific conductance values ranged from 210 to 3,000 
pmhos/cm at 2 5 ' ~  at the 13  stations during the period 
of sampling. Concentrations were lowest at station Rk-7 
on the Oconomowoc River and highest at station Rk-4 
on the Rubicon River. Temperature was within normal 
ranges, and pH values exceeded the adopted maximum 
standard of 9.0 standard units at stations Rk-8 and Rk-11 
on one occasion each during the sampling period. 

Ammonia-nitrogen (NH3-N) levels exceeded the adopted 
standard of 0.4 mg/l for recreational use and the main- 
tenance of a warmwater fishery and other aquatic life 
at stations Rk-4, Rk-8, Rk-9, and Rk-12. 

Total phosphorus was in excess of the recommended 
level of 0.10 mg/l in all of the samples collected at all 
of the sampling stations-samples were collected between 
1967 and 1975-with the exception of samples from 
sampling station Rk-7 on the Oconomowoc River down- 
stream from Oconomowoc Lake and Rk-11 on Jackson 
Creek just upstream from Delavan Lake. The range of 
total phosphorus concentrations varied from 0.1 to 
9.36 mg/l. 

The diurnal water quality data for the Rock River 
tributaries show a broach range of dissolved oxygen 
concentrations, from 0.8 to 15.8 mg/l over a 24-hour 
period, reflecting the dissolved oxygen reductions due 
to respiration by aquatic plants and decomposition of 
organic matter in the stream, and the production of 
dissolved oxygen by algal photosynthesis. In addition 
to exhibiting marked diurnal fluctuations, water quality 
in the Rubicon and Oconomowoc Rivers and in Jackson 
Creek, the Delavan Lake outlet, and Turtle Creek showed 
spatial variation. The water quality of the Rubicon River 
generally declined from sampling station Rk-3 to  sam- 
pling station Rk-4, located downstream from the City of 
Hartford sewage treatment plant. 

Significant decreases in the fecal coliform, chloride, 
specific conductance, total nitrogen, and total phos- 
phorus concentrations at sampling station Rk-12 on the 
Delavan Lake outlet were observed when compared with 
the water quality of Jackson Creek at sampling station 
Rk-11. The better water quality at sampling station 
Rk-12 can probably be attributed t o  the effects of 
Lake Delavan. 

When the water quality at sampling station Rk-12 on 
the Delavan Lake outlet and that at sampling station 
Rk-13 on Turtle Creek were compared, no definite 
chahge was observed. The chloride concentrations in 
75 percent of the samples collected at station Rk-13 were 
the same as those in 75 percent of the samples collected 
at station Rk-12. There were slight increases observed in 

. specific conductance values, total phosphorus concentra- 
tions, and total nitrogen concentrations and a very 

significant increase in the fecal coliform counts at 
station Rk-13 when compared to the fecal coliform 
counts obtained at station Rk-12. A general increasing 
trend in the water quality as measured by a decrease 
in the fecal coliform counts, chloride concentrations, 
specific conductance values, total nitrogen concentra- 
tions, and total phosphorus concentrations and an 
increase in the dissolved oxygen concentrations was 
observed from sampling station Rk-6 to sampling station 
Rk-7 on the Oconomowoc River. Water quality condi- 
tions showed a declining trend from station Rk-7 to  
station Rk-8 as measured by a decrease in dissolved 
oxygen concentrations and increases in chloride concen- 
trations, specific conductance values, total nitrogen 
concentrations, total phosphorus concentrations, and 
fecal coliform counts. This trend is due t o  the discharge 
of effluent from the City of Oconomowoc sewage treat- 
ment plant upstream from sampling station Rk-8. 

Compliance with Water Quality Standards 
Although remaining generally stable over the decade, the 
water quality of the major Rock River tributaries within 
the Region for which data are available and which are 
designated for recreational use and for the maintenance 
of a warmwater fishery and aquatic life did not meet the 
water quality standards adopted by the Wisconsin Depart- 
ment of Natural Resources (DNR) for dissolved oxygen, 
fecal .coliform, and ammonia-nitrogen in 1975. Also, part 
of Jackson Creek, which is designated for marginal 
aquatic life, recreational use, and minimum standards, 
failed to meet the DNR standards for dissolved oxygen, 
fecal coliform counts, and ammonia-nitrogen in 1975. 
In addition, at many locations total phosphorus concen- 
trations were found to be significantly higher than the 
recommended level adopted by the Commission. When 
considering all of the major streams within the Rock 
River watershed which have been designated for water 
use objectives other than that for a warmwater fishery 
and aquatic life and recreational use, three are designated 
for recreational use and for the maintenance of a limited 
fishery, three are designated for recreational use and for 
the maintenance of a trout fishery and other aquatic life, 
and two are designated for marginal aquatic life, recrea- 
tional use, and minimum standards. No Commission 
water quality data are available for any of these streams 
to assess existing water quality conditions and com- 
pliance with the adopted standards and recommended 
limits with the exception of that portion of Jackson 
Creek which is just above the Delavan Lake inlet. 

Water use objectives have also been recommended for 
the 38 major lakes-lakes of 50 acres or m o r e i n  the 
Rock River watershed. Lakes Loraine and La Grange 
in Walworth County and School Section Lake in Wau- 
kesha County have been recommended by the Commis- 
sion for recreational use and the maintenance of a limited 
fishery and aquatic life. The remaining 35 major lakes 
have been recommended by the Commission for recrea- 
tional use and the maintenance of a warmwater fishery 
and aquatic life. Table 53 presents an assessment of the 
lake water quality standards as applied to  the 38 major 



Table 53 

COMPARISON OF WATER QUALITY CONDITIONS TO INITIAL RECOMMENDED LAKE WATER USE 
OBJECTIVES AND SUPPORTING WATER QUALITY STANDARDS IN THE ROCK RIVER WATERSHED 

Bark . . . 7 NIA 

Bsausr . . . 2 1973 1975 

Comur 2 N i A  

Cravath. . . . 2 N i A  

Crooked . . 2 N I A  

Delsuen. . . 2 1970 1975 

Druld . . 2 1973.1975 

Flvs 2 N I A  

Fowler . . . 2 1973.1975 

Golden . . 2 973-1975 

LaGrangs. 1 N I A  

Lac La Belle. , 1 2 

11976.1977 



Table 53 (continued) 

NOTE- N/A iodrcafes dafa ootdvarbble. 

a There are three categoires or inic,al recommended w s n r  use ob,eciives. 71 lrmlfed 4sherv and aquaoc Bfe. recrest,onai use. Zi warmwater hsherydodapluefrc Irfe. recreafrondt use. and 31 trout fnhery and aquaac 6fe. recreationst use 

 he maxlmom f~mperatuw rise at  the edge o f  h e  m r x w  zone above me existrng nsturai temoeiaturer shall nor exceed 3 ' ~  tor laher nor shdl  there be any s,gnrficsntaro~rcrai (ncreares m temperature where oerura~ trout reproduction a co be prorected. 

mr e o t m  d w r h  of rndtow {skrr IO to 15 feet) s h a ~  be anatyred to, dissotved oxygen. ~ o w v e r .  ooty the epsiimnion of takes greater man 15 f e e r r h a ~ ~  be analyzed for drssolved oxygen. 

Soume' W8scoosm Department o f  N a r v n t  Resources and SEWRPC 



lakes. The data indicate that all 21 lakes for which 
complete water quality data are available violated the 
preliminary recommended levels of water quality for 
one or more parameters. 

The 13 sampling stations operated by the Commission 
have provided information on water quality in the larger, 
continuously flowing streams which total 44.3 miles 
tributary to and inclusive of the Rock River. A com- 
parison of the 1964 data to the applicable 1976 DNR- 
adopted water quality standards indicates that violations 
of the standards for one or more parameters occurred on 
26 miles, or 59 percent, of the stream reaches sampled. 
In 1975, by comparison, 33.3 miles, or 75 percent of 
the stream reaches sampled, were in violation of the 
identical standards indicating substantial degradation 

of water quality between 1964 and 1975. Tables 54 and 
55 indicate the water use objectives and supporting stan- 
dards violated during the period of 1964 through 1975. 

General Water Quality Ratings 
Table 56 sets forth the water quality index classifications 
for the 13 Commission-operated sampling stations in the 
watershed. As indicated by the index, the 1964 water 
quality of the Upper Rock River watershed has degraded 
substantially since 1964, whereas the Middle Rock and 
Lower Rock subwatersheds have shown little change in 
water quality. 

More specifically, the water quality of the Oconomowoc 
River improved from sampling station Rk-6 to sampling 
station Rk-7 located downstream from the three major 

Table 54 

COMPARISON OF OBSERVED WATER QUALITY CONDITIONS TO ADOPTED 1976 STREAM 
WATER USE OBJECTIVES AND SUPPORTING WATER QUALITY STANDARDS FOR 

WARMWATER FISHERY AND RECREATIONAL USE I N  THE ROCK RIVER WATERSHED 

NOTE: X indicates violation of water use objectives. 

Sampling 
Stations 

Rk-1 
R k-2 
R k-3 
R k-4 
R k-5 
R k-6 
R k-7 
R k-8 
R k-9 
R k-10 
R k-12 
R k-13 

Total 

a There are five categories of water use objectives: 

11 Restricted recreational use and minimum standards. 

21 Marginal aquatic life, recreational use, and minimum standards. 

31 Limited fishery and aquatic life, recreational use. 

41 Warmwater fishery and aquatic life, recreational use. 

51 Trout fishery and aquatic life, recreational use. 

Includes phosphorus standard as interpreted by SEWRPC. 

Source: SEWRPC. 

~ p p l i c a b l e ~  
Objective 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

Miles 
Meeting 

All 
Standards 

0.0 

Miles 
Violated 

41.8 

Adopted standardsb 

Dissolved 
Oxygen 

(5.0 mgll) 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

Fecal 
Coliform 

(400 MFFCC 
per 100 ml)  

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

Temperature 
( 8 9 ' ~ )  

P H 
(6.0-9.0 

standard units) 

X 

Ammonia- 
Nitrogen 
(0.4 mgll) 

X 
X 
X 
X 
X 

Total 
Phosphorus 
(0.1 mgll) 

X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 



Table 55 

COMPARISON OF OBSERVED WATER QUALITY CONDITIONS TO ADOPTED 1976 STREAM 
WATER USE OBJECTIVES AND SUPPORTING WATER QUALITY STANDARDS FOR MARGINAL 

AQUATIC LIFE AND RECREATIONAL USE I N  THE ROCK RIVER WATERSHED 

NOTE; X indicates violation o f  water use objectives. 

a There are five categories of water use objectives: 

11 Restricted recreational use and minimum standards. 

21 Marginal aquatic life, recreational use, and minimum standards. 

31 Limited fishery and aquatic life, recreational use. 

41 Warmwater fishery and aquatic life, recreational use. 

51 Trout fishery and aquatic life, recreational use. 

Includes phosphorus standard as interpreted by SEWRPC. 

Source: SEWRPC. 

lakes-North, Okauchee, and Oconomowoc Lakes. At 
sampling station Rk-8, located downstream from sam- 
pling stations Rk-6 and Rk-7 and the old City of Oco- 
nomowoc sewage treatment plant, the water quality 
declined as compared to that at sampling stations Rk-6 
and Rk-7. The water quality of Jackson Creek improved 
as the water passed through Delavan Lake but dete- 
norated at sampling station Rk-13 on Turtle Creek, 
located downstream from the City of Delavan sewage 
treatment plant. 

Miles 
Meeting 

All 
Standards 

0.0 

Of the 38 major lakes in the Rock River watershed, 
Okauchee Lake in Waukesha County is the deepest with 
a maximum depth of 94 feet. All major lakes showed 
1.0 mg/l or less of dissolved oxygen in the lower layers 
(hypolimnion) indicating that anaerobic conditions 
probably occur during summer, with resulting adverse 
effects on the fish habitat of these lakes. The trophic 
status of 24 of the 38 major lakes has been evaluated 
on the basis dissolved oxygen levels in the hypolimnion, 
water clarity of the lake, history of fishkills, and use 
impairment caused by algae and weed abundance, and is 
rated accordingly in Table 57. Comus, Delavan, and 
Nagawicka Lakes are classified as "very eutrophic"; Lac 
La Belle and Lake Loraine are classified as "eutrophic"; 
Beaver, Druid, Fowler, Golden, Keesus, Lower Nemahbin, 
North Oconomowoc, Pine, Silver (in Waukesha County), 

Miles 
Violated 

2.5 

Sampling 
Station 

Rk-11 

Total 

Tripp, Turtle, Upper Nemahbin, and Whitewater Lakes 
are classified as "mesotrophic" lakes; and Pike, Friess, 
Middle Genesee, Okauchee, and Upper Nashotah Lakes 
are classified as "oligotrophic" lakes.16 

l6  U. S. Environmental Protection Agency, Lake Clas- 
sification-A Trophic Characterization o f  Wisconsin 
Lakes, EPA Report No. 660/3-75-033, June 1975. 
This report and others pertaining to  trophic status 
of lakes generally recognize three classifications of 
trophic status. These classifications consider water 

~ ~ ~ l i c a b l e ~  
Objective 

2 

clarity; chemical parameters; biological parameters, 
including algae and macrophyte growth; physical char- 
acteristics; recorded fishkills; or combinations o f  these. 
The three classifications are reflective o f  the natural or 

Adopted standardsb 

human-induced rates of aging or in-filling experienced 
by the lakes. "Eutrophic" lakes are generally shallower, 
enriched by nutrients and organic matter, and exhibit 
low water clarity, "Very eutrophic" or "dystrophic" are 
terms sometimes used for extreme cases of eutrophic 
lakes. "Mesotrophic" lakes may be o f  moderate depth, 
and exhibit less nutrient and organic enrichment, as well 
as higher levels o f  water clarity. "Oligotrophic" lakes are 
relatively deep, low in nutrient content and organic 
matter, and exhibit higher levels o f  water clarity. 

Total 
Phosphorus 
(0.1 mgll) 

X 

Ammonia- 
Nitrogen 
(3.5 mg/l) 

X 

Dissolved 
Oxygen 

(3.0 mgll) 

X 

Fecal 
Coliform 

(2,000 MFFCC 
per 100 ml) 

X 

Temperature 
( 8 9 ' ~ )  

pH 
(6.0-9.0 

standard units) 

X 



Table 56  Table 5 7  

WATER QUALITY INDEX CLASSIFICATIONS FOR THE 
SAMPLING STATIONS OF THE ROCK RIVER WATERSHED 

1964 A N D  1974-75 

Upper Rock River 
Subwatershed Stations 

R k-1 . . . . . . . . .  
R k-2 . . . . . . . . .  
R k-3 . . . . . . . . .  
R k-4 . . . . . . . . .  

Middle Rock River 
Subwatershed Stations 

July, August, September, 
and October of 1964 

Upper Rock 
Subwatershed 
Average. . . . . . . . .  

R k-5 . . . . . . . . .  Fair 
R k-6 . . . . . . . . .  Excellent Fair 

. . . . . . . . .  R k-7 Excellent 
R k-8 . . . . . . . . .  Fair Fair 
R k-9 . . . . . . . . .  Good Fair 

August of the 
Years 1974.1975 

Excellent 
Excellent 
Excellent 
Fair 

Fair 
Fair 
Fair 
Fair 

Good 

TROPHIC CLASSIFICATION O F  SELECTED MAJOR LAKES 
I N  THE ROCK RIVER WATERSHED: 1975 

Fair 

Middle Rock 
Subwatershed 
Average. . . . . . . . .  

Lower Rock River 
Subwatershed Stations 

R k-10. . . . . . . . . .  
Rk-11. . . . . . . . . .  
R k-12. . . . . . . . . .  
R k-13. . . . . . . . . .  

Lower Rock 
Subwatershed 
Average. . . . . . . . .  a U. S. Environmental Protection Agency, Lake Classification- 

Major 
Lake Name 

Beaver 
Comus 
Delavan 
Druid 
Five 
Friess 
Golden 
Keesus 
Lac La Belle 
Loraine 
Lower Nemahbin 
Lower Whitewater 
Middle Genesee 
Nagawicka 
North 
Oconomowoc 
Okauchee 
Pike 
Pine 
Silver 

Trapp 
Turtle 
Upper Nashotah 
Upper Nemahbin 
Whitewater 

Good 

Fair 
Poor 
Good 
Fair 

Fair 

Source: SEWRPC. 

Good 

Fair 
Poor 
Fair 
Fair 

Fair 

Source: Water Resources Center, University of Wisconsin and 
SEWRPC. 

County 

Waukesha 
Walworth 
Walworth 
Washington 
Washington 
Washington 
Waukesha 
Waukesha 
Waukesha 
Walworth 
Wau kesha 
Walworth 
Waukesha 
Waukesha 
Waukesha 
Waukesha 
Wau kesha 
Washington 
Waukesha 
Waukesha 
Walworth 
Walworth 
Waukesha 
Waukesha 
Walworth 

Toxic and Hazardous Substances: Sampling and analysis 
for pesticides, polychlorinated biphenyls (PCB's), and 
heavy metals were conducted by the Wisconsin Depart- 
ment of Natural Resources in the Rock River watershed 
between 1973 and 1978. In the in-stream water quality 
samples for which toxic and hazardous substances were 
tested, recommended levels of mercury were exceeded in 
approximately four of 78 samples, and for the persistent 
pesticides of heptachlor, heptachlor epoxide, lindane, 
methoxychlor, and phthalate recommended levels were 
exceeded in one of 77, one of 76, one of 76, and three 
of 62 samples collected, respectively. Sample analyses for 
cadmium, chromium, copper, lead, nickel, zinc, PCB's, 
DDT, DDE, DDD, aldrin, and dieldrin uncovered no 
violations of U. S. Environmental Protection Agency 
(EPA) recommended levels. No analyses were conducted 
for toxic and hazardous substances in the bottom sedi- 
ments of the Rock River watershed. 

categorya 

Mesotrophic 
Very Eutrophic 
Very Eutrophic 
Mesotrophic 
Eutrophic 
Oligotrophic 
Mesotrophic 
Mesotrophic 
Eutrophic 
Eutrophic 
Mesotrophic 
Very Eutrophic 
Oligotrophic 
Very Eutrophic 
Mesotrophic 
Mesotrophic 
Oligotrophic 
Oligotrophic 
Mesotrophic 
Mesotrophic 
Mesotrophic 
Mesotrophic 
Oligotrophic 
Mesotrophic 
Mesotrophic 

ROOT RIVER WATERSHED 

Water Quality Conditions 
The Root River watershed is located in the eastcentral 
portion of the Region rising in the rapidly expanding 
Milwaukee urbanized area and following 44.8 miles 
southward and then eastward, and eventually discharging 
into Lake Michigan in the City of Racine. The geographic, 
physical, economic, and demographic features of the 
watershed are described in Volume One, Chapter 111 of 
this report. 

Water Quality Conditions: 1964-1965: The 1964-1965 
Commission streamwater quality benchmark study 
included the operation of six sampling stations on the 
Root River watershed as shown on Map 40. The chloride 
concentrations observed for 1964-1965 at the five 
sampling stations on the main stem and station Rt-3 on 



the Root River Canal ranged from 30 to 240 milligrams 
per liter (mg/l) and 45 to  170 mg/l, respectively. Normal 
background levels of 20 to 50 mg/l were present in the 
groundwater, thereby indicating that chloride con- 
taminants were entering the surface water from diffuse 
pollution sources. Malfunctioning septic tanks, agricul- 
tural runoff, and winter salting operations are all likely 
sources of chloride to the Root River watershed. Sub- 
standard dissolved oxygen levels of less than 5.0 mg/l 
were reported at various locations, and ranged from 
0.0 to 14.6 mg/l. The organic load for the Cooper-Dixon 
(C&D) Duck Farms and the Union Grove sewage treat- 
ment plant were probable sources of the dissolved oxygen 
content in the Root River Canal, with dissolved oxygen 
ranging from 0.0 to  9.2 mg/l. Total coliform counts in 
the Root River and its tributaries ranged from less than 
100 to 1,700,000 membrane filter coliform counts per 
100 milliliters (MFCC/100 ml), with the higher values 
being apparent during the spring runoff months, indi- 
cating pollution from diffuse sources associated with 
storm water runoff. 

Similarly, specific conductance values were consistently 
higher during the spring snowmelt and runoff periods 
and ranged from 390 to 955 micro-mhos per centimeter 
@mhos/cm) at 2 5 O ~ .  At no location within the water- 
shed were the pH values (hydrogen ion concentrations) 
found to  be outside the range of 6.0 to  9.0 standard units. 
Temperature was within normal ranges and fluctuated 
according to  diurnal and seasonal air temperature changes. 

Water Quality Conditions: 1965-1975: The 1965-1975 
Commission streamwater quality monitoring effort 
included continued sampling at the six Commission 
stations. In addition, data were collected from one 
Wisconsin Department of Natural Resources (DNR) 
station established in the watershed as shown on Map 40. 
A range of 38 to 395 mg/l of chloride was observed 
during the decade of sampling. As in several other water- 
sheds, the chloride concentrations exhibited higher levels 
during the spring snowmelt and runoff period as com- 
pared to other times of the year, resulting from winter 
salting operations. This chloride increase is typically 
more pronounced at the sampling stations located near 
urbanized areas. Chloride levels in the summer, fall, and 
winter seasons were higher than the normal 20-50 mg/l 
groundwater concentrations, indicating an additional 
impact of human activities. For the watershed as a whole, 
the dissolved oxygen on the Root River stream system 
ranged from 0.2 to 23.0 mg/l. The data collected during 
the sampling period by the Commission and by the 
DNR indicated lower dissolved oxygen levels during 
the summer months than at other times during the 
year. A decreasing trend in dissolved oxygen was noted 
at the upstream sampling stations, Rt-1 and Rt-2, while 
generally higher levels, indicating improved water quality, 
were detected at the lower reaches of the Root River 
main stem stations, Rt-4, Rt-5, and Rt.6. 

A reduction in fecal coliform levels was observed at 
stations Rt-1 through Rt-4 and Rt-6. Improved levels 
at stations Rt-4 and Rt-6, located in the middle reaches 
of the watershed, can be attributed to the abandonment 

of four sewage treatment facilities previously discharging 
to the streams of the watershed, following the start of 
fecal coliform sampling in 1968. Fecal coliform bacteria 
ranged from 30 to 36,000 membrane filter fecal coli- 
form counts per 100 milliliters (MFFCC/100 ml), with 
a stabilized count of about 500 MFFCC/100 ml being 
recorded between 1972 and 1975 at all stations but Rt-5. 
At this location, a general increasing trend is attributed 
to the sewage effluent discharge of the Caddy Vista 
sewage treatment plant and to livestock waste runoff. 
Specific conductance values observed were consistent 
with the chloride trends and ranged from 464 to  1,733 
pmhos/cm at 2 5 O ~ .  Water temperature fluctuated with 
the seasonal air temperature variations and was well 
below the 8g°F maximum adopted standard. The pH 
values were within 6.0 to  9.0 standard units for all 
samples with the exception of four readings ranging 
from 9.1 to  9.3 at station Rt-5 in August of 1971. 

Ammonia-nitrogen (NH3-N) levels varied from 0.0 to 
4.1 mg/l and exceeded the recommended standard of 
0.4 mg/l at all sampling stations except Rt-2 during the 
years of sampling, 1972 to  1975. Total phosphorus 
concentrations exceeded the recommended standard of 
0.1 mg/l at all six Commission sampling stations in the 
watershed, with excessively high concentrations of total 
phosphorus recorded at the Root River Canal site, Rt-3. 

The diurnal water quality data for the Root River and 
Root River Canal show a broad range of dissolved oxygen 
concentrations, from 0.5 to 23.0 mg/l over a 24-hour 
period, and reflect the dissolved oxygen reductions due 
to respiration by aquatic plants and decomposition of 
organic matter in the stream, and the supersaturation 
effects of algal photosynthesis. In addition to exhibiting 
marked diurnal fluctuations, water quality in the Root 
River watershed exhibits spatial variation. The water 
quality of the Root River downstream was generally 
better than that in the headwaters area as measured by 
the specific conductance values, chloride concentrations, 
and fecal coliform counts, with the exception of the fecal 
coliform count at station Rt-5. 

Compliance with Water Quality Standards 
Although remaining generally stable over the decade, the 
water quality of the Root River and Root River Canal, 
which are designated for recreational use and for the 
maintenance of a warmwater fishery and other aquatic 
life, did not meet the standards adopted by the Wisconsin 
Department of Natural Resources for dissolved oxygen, 
fecal coliform counts, and ammonia-nitrogen in 1975. 
Total phosphorus concentrations were also found to  be 
significantly higher than the level recommended by the 
Commission. However, temperature was well within the 
adopted limit of 8g°F, and pH was within the 6.0 to 
9.0 standard level at all stations in 1975. The upstream 
portions of the east and west branches of the Root River 
Canal are designated for limited fishery and aquatic life 
and recreational use, and the headwater portions of these 
canals are designated for marginal aquatic life and recrea- 
tional use objectives; however, no water quality data are 
available to assess the existing water quality conditions in 
these reaches. 



The six sampling stations operated by the Commission 
have provided information on water quality in the larger, 
continuously flowing streams which total 37.5 miles 
tributary to and inclusive of the Root River. A com- 
parison of the 1964 data to the applicable 1976 DNR- 
adopted water quality standards indicates that violations 
of the standards for one or more parameters occurred 
on 24.3 miles, or 65 percent, of the stream reaches 
sampled. In 1975, by comparison, all of the stream 
reaches sampled were in violation of the identical stan- 
dards, indicating substantial degradation of water quality 
in 1975 as compared to  1964. Table 58 indicates the 
water use objectives and supporting standards violated 
during the period of 1964 through 1975. 

General Water Quality Ratings 
Table 59 sets forth the water quality index classifications 
for the six commission-operated sampling stations in the 
watershed. As indicated by the index, the 1964 water 
quality of the Root River was generally fair, with the 
Root River Canal recording poor water quality. In August 
of the years 1974 and 1975, three of five sampling 

stations on the Root River indicated poor conditions, 
and the Root River Canal exhibited poor conditions, 
even though conditions had improved slightly due 
to improved wastewater management practices at 
the duck farms. Overall there was no change in the 
general watershed rating of fair in 1975 as compared 
to 1964 conditions. 

Toxic and Hazardous Substances: Sampling and analysis 
for pesticides, polychlorinated biphenyls (PCB's), and 
heavy metals were conducted by the Wisconsin Depart- 
ment of Natural Resources in the Root River watershed 
in 1973. The analyses indicated that recommended 
levels of heptachlor epoxide, a persistent pesticide, were 
exceeded in one out of 11 samples. No stream bottom 
sediment analyses were conducted for any of the toxic 
and hazardous substances. Sample analyses for cadmium, 
chromium, copper, lead, mercury, nickel, zinc, DDT, 
DDE, DDD, aldrin, heptachlor, lindane, dieldrin, meth- 
oxychlor, and phthalate uncovered no violations of 
U. S. Environmental Protection Agency (EPA) recom- 
mended levels. 

Table 58 

COMPARISON OF OBSERVED WATER QUALITY CONDITIONS TO ADOPTED 1976 STREAM 
WATER USE OBJECTIVES AND SUPPORTING WATER QUALITY STANDARDS FOR 

WARMWATER FISHERY AND RECREATIONAL USE I N  THE ROOT RIVER WATERSHED 

NOTE: X indicates violation of water use objectives. 

Sampling 
Stations 

Rt-1 
Rt-2 
Rt-3 
Rt-4 
Rt-5 
Rt-6 

Total 

a There are five categories o f  water use objectives: 

7) Restricted recreational use and minimum standards. 

2) Marginal aquatic life, recreational use, and minimum standards. 

3) Limited fishery and aquatic life, recreational use. 

4)  Warmwater fishery and aquatic life, recreational use. 

~ p p l i c a b l e ~  
Objective 

4 
4 
4 
4 
4 
4 

5) Trout fishery and aquatic life, recreational use. 

Includes phosphorus standard as interpreted by SEWRPC. 

Source: SEWRPC. 

Adopted standardsb 

Miles 
Violated 

37.5 

Dissolved 
Oxygen 

(5 .0  mgll) 

X 
X 
X 
X 
X 

Miles 
Meeting 

All 
Standards 

0.0 

Fecal 
Coliform 

(400 MFFCC 
per 100 ml) 

X 
X 
X 
X 
X 
X 

Temperature 
( 8 9 ' ~ )  

P H 
(6.0-9.0 

standard un~ts)  

X 
X 

Ammonia- 
Nitrogen 
( 0 . 4  mgll) 

X 

X 
X 
X 
X 

Total 
Phosphorus 
(0.1 mgll) 

X 
X 
X 
X 
X 
X 



SAUK CREEK WATERSHED concentrations) were found to be within the normal 

Water Quality Conditions 
The Sauk Creek watershed is located in the northeast 
portion of the Region and all but about 0.9 square mile 
of the 34.5-square-mile area of the watershed lies within 
the Region. Sauk Creek, the main stem draining the 
watershed, rises within the Region in Ozaukee County, 
and flows 12.9 miles southerly and easterly to discharge 
into Lake Michigan in the City of Port Washington. The 
geographic, physical, economic, and demographic fea- 
tures of the watershed are described in Volume One, 
Chapter I11 of this report. 

Water Quality Conditions: 1964-1965: The 1964-1965 
Commission streamwater quality benchmark study 
included the operation of two sampling stations in the 
Sauk Creek watershed as indicated on Map 40. The water 
quality data for 1964-1965 from these two sampling 
stations indicated that chloride levels were higher than 
the normal background concentration, reflecting an 
impact from human sources. Chloride concentrations 
measured during the sampling period ranged from 20 to 
55 milligrams per liter (mg/l). Dissolved oxygen con- 
centrations were found to exceed 5.0 mg/l during the 
summer months at both the stations, located on the 
main stem of Sauk Creek, and ranged from 0.1 to 
19.3 mg/l during the 14-month sampling period. Total 
coliform bacteria ranged from 400 to 200,000 membrane 
filter coliform counts per 100 milliliters (MFCC/100 ml). 
The specific conductance values, which ranged from 
200 to 770 micro-mhos per centimeter (pmhos/cm) at 
25 '~,  were found to be high at both stations, with the 
highest values recorded at the sampling station located 
near the headwaters area. The pH values (hydrogen ion 

Table 59 

WATER QUALITY INDEX CLASSIFICATIONS FOR THE 
SAMPLING STATIONS OF THE ROOT RIVER WATERSHED 

1964 AND 1974-75 

range of 6.0 to 9.0 standard units, and the temperature 
never exceeded the prescribed standard of 89 '~.  In gen- 
eral, water quality conditions in Sauk Creek were better 
at sampling station Sk-2 located in Port Washington than 

August of the 
Years 1974-1975 

Poor 
Poor 
Fair 
Poor 
Fair 

Poor 

Fair 

Main Stem 
Stations 

Rt-1 . . . . . . 
Rt-2 . . . . . . 
Rt -4 . .  . . . . 
R t -5 . .  . . . . 
Rt -6 . .  . . . . 

Tributary 
Station 

Rt-3. . . . . . 

Watershed 
Average. . . . 

at sampling station Sk-1, which is located in the rural 
portion of the watershed and approximately 6.6 miles 
upstream from station Sk-2. 

July, August, September, 
and October of 1964 

Fair 
Poor 
Fair 
Fair 
Fair 

Poor 

Fair 

Water Quality Conditions: 1965-1975: The water quality 
monitoring survey carried out by the Commission from 
1965 through 1975 included continued sampling at the 
two stations in the Sauk Creek watershed. The dissolved 
oxygen content declined from 1965 to 1971, with 
stabilization occurring from 1971 through 1975. Dis- 
solved oxygen ranged from 0.3 to 14.6 mg/l during the 
sampling period. The chloride concentrations decreased 
over the period, and no significant trend in fecal coliform 
counts was observed at the two stations. Chloride and 
fecal coliform ranged from 33 to 230 mg/l and from 
10 to 54,000 membrane filter fecal coliform counts 
per 100 milliliters (MFFCC/100 ml), respectively. Spe- 
cific conductance values were higher at the upstream 
station, Sk-2, than at Sk-1 and ranged from 522 to 
1,460 pmhos/cm at 25O~ .  The pH values were within 
the recommended range of 6.0 to  9.0 standard units, 
and temperature, although fluctuating with diurnal and 
seasonal air temperatures, remained below the 8g°F 
adopted standard. Ammonia-nitrogen (NH N) levels 
ranged from 0.03 to 0.45 mg/l, and exceeded txe adopted 
standard of 0.4 mg/l at the upstream station, Sk-1. 

Total phosphorus concentrations remained high, being 
in excess of the recommended level of 0.10 mg/l in all 
but two of the samples collected between 1967 and 
1975, and ranged from 0.05 to 1.25 mg/l. The diurnal 
water quality data available for Sauk Creek indicate 
that dissolved oxygen concentrations ranged from 2.1 to 
8.4 mg/l over a 24-hour period. In addition to  exhibiting 
marked diurnal fluctuations, water quality in Sauk Creek 
exhibits spatial variation. Water quality conditions 
generally improved from sampling station Sk-1 to  Sk-2, 
as measured by the specific conductance, chloride, 
nutrients, fecal coliform, and dissolved oxygen. 

Compliance with Water Quality Standards 
The water quality of Sauk Creek, designated for recrea- 
tional use and for the maintenance of a warmwater 
fishery and other aquatic life, did not meet the water 
quality standards set by the Wisconsin Department of 
Natural Resources (DNR) for dissolved oxygen and fecal 
coliform counts in 1975. Total phosphorus concentra- 
tions were also found to be higher than the level recom- 
mended by the Commission. The ammonia-nitrogen 
concentrations generally did not meet the recommended 
level of 0.4 mg/l. The more severe water quality problems 
were indicated in sampling station Sk-1, in the rural 
headwaters area of the watershed that is dominated by 
the effects of agricultural land use. 

The two sampling stations operated by the Commis- 
sion have provided information on water quality in the Source: SEWRPC. 



continuously flowing stream which totals 9.0 miles of 
Sauk Creek. A comparison of the 1964 data to the 
applicable 1976 DNR-adopted water quality standards 
indicates that violations of the standards for one or more 
parameters occurred on 5.3 miles, or 59 percent, of the 
stream reaches sampled. In 1975, by comparison, all of 
the stream reaches sampled were in violation of the 
identical standards, indicating substantial degradation of 
water quality in 1975 as compared to 1964. Table 60 
indicates the water use objectives and supporting stan- 
dards violated during the period 1964 through 1975. 

General Water Quality Ratings 
Table 61 sets forth the water quality index classifications 
for the two Commission-operated sampling stations in 
the watershed. As indicated by the index, the 1964 water 
quality of Sauk Creek was generally fair. In August of 
the years 1974 and 1975, poor conditions existed at 
sampling station Sk-1, and at station Sk-2 fair conditions 
prevailed. Overall, there was no change in the general 
watershed rating of fair in 1974-1975 as compared to 
1964 conditions. 

Toxic and Hazardous Substances: No known stream water 
or bottom sediment sampling for toxic and hazardous 
materials in the form of heavy metals, polychlorinated 
biphenyls (PCB's), or pesticides has been conducted 
within the Sauk Creek watershed and, therefore, no 
conclusions may be drawn with regard to  the presence 
of these substances. 

SHEBOYGAN RIVER WATERSHED 

Water Quality Conditions 
The Sheboygan River watershed is located in the 
northern portion of Ozaukee County. The watershed 
is only partly contained in the Region, the major portion 
of the watershed being located in Sheboygan County. 
The only perennial stream of the Sheboygan River 
watershed within the Region is Belgium Creek, and the 
watershed within the Region does not include any lakes. 
The geographic, physical, economic, and demographic 
features of the watershed are described in Volume One, 
Chapter I11 of this report. 

Table 60 

COMPARISON OF OBSERVED WATER QUALITY CONDITIONS TO ADOPTED 1976 STREAM 
WATER USE OBJECTIVES AND SUPPORTING WATER QUALITY STANDARDS FOR 

WARMWATER FISHERY AND RECREATIONAL USE I N  THE SAUK CREEK WATERSHED 

NOTE: X indicates violation of water use objectives. 

a There are five categories of water use objectives: 

1 )  Restricted recreational use and minimum standards. 

21 Marginal aquatic life, recreational use, and minimum standards. 

31 Limited fishery and aquatic life, recreational use. 

41 Warmwater fishery and aquatic life, recreational use. 

51 Trout fishery and aquatic life, recreational use. 

Includes phosphorus standard as interpreted by SEWRPC. 

Source: SEWRPC. 

Sampling 
Stations 

Sk-l 
Sk-2 

Total 

Miles 
Violated 

9 .0  

Miles 
Meeting 

All 
Standards 

0.0 

~pp l icab le~  
Objective 

4 
4 

Adopted Standards b 

Dissolved 
Oxygen 

(5.0 mgll) 

X 
X 

pH 
(6.0-9.0 

standard units) 

X 

Fecal 
Coliform 

(400 MFFCC 
per 100 ml) 

X 
X 

Ammonia- 
Nitrogen 
(0.4 mgll) 

X 

Temperature 
( 8 9 ' ~ )  

Total 
Phosphorus 
(0.1 mgll) 

X 
X 



Table 61 

WATER QUALITY INDEX CLASSIFICATIONS FOR THE 
SAMPLING STATIONS OF THE SAUK CREEK WATERSHED 

1964 AND 1974-75 

Source: SEWRPC. 

Main Stem 
Stations 

Sk-1 . . . . . .  
Sk-2 . . . . . .  

Watershed 
Average. . . .  

Water Quality Conditions: 1964-1965: The 1964-1965 
benchmark streamwater quality study conducted by the 
Commission included the operation of one sampling 
station located on Belgium Creek as shown on Map 40. 
The water quality data for 1964-1965 from the sampling 
station indicated that the chloride levels during April 
were higher than the normal background concentrations, 
presumably reflected an impact from sewage treatment 
~ l a n t  effluent. Chloride concentrations during the sam- 

July, August, September, 
and October of 1964 

Poor 
Good 

Fair 

- 
$ng period ranged from 20 to 30 milligrams per liter 
(mg/l). One substandard level of less than 3.0 mg/l of 

August of the 
Years 1974-1975 

Poor 
Fair 

Fair 

dissolved oxygen was recorded at Belgium Creek in 
September 1964. The remainder of the 14-month sam- 
pling levels ranged from 7.6 to 16.5 mg/l. At no time 
during the sampling period were total coliform bacteria 
levels below 2,000 membrane filter coliform counts per 
100 milliliters (MFCC/100 ml). Fecal coliform counts for 
this period ranged from 2,000 to 200,000 MFCC/100 ml. 
The two specific conductance values obtained were 
756 and 800 micro-mhos per centimeter (umhos/cm) at 
2 5 O ~ .  The pH values (hydrogen ion concentrations) 
obtained were within the prescribed range of 6.0 to 
9.0 standard units. Temperature variations were in accor- 
dance with expected seasonal changes. 

Water Quality Conditions: 1965-1975: The 1965-1975 
water quality monitoring effort by the Commission 
included continued sampling at the single station on 
Belgium Creek. The average chloride concentrations 
recorded during the August surveys indicated levels 
significantly exceeding the background concentration 
of 10 mg/l and varied from 9.0 to 63 mg/l throughout 
the sampling period. High chloride concentrations were 
found in the 1972 and 1975 samples collected after 
a heavy rain. The dissolved oxygen concentrations 
remained higher than 3.0 mg/l in all the samples collected 
over the decade with the exception of four of the six 
samples collected in 1970 and one sample collected in 
1973. The range of dissolved oxygen values varied from 

1.1 to 13.6 mg/l during the sampling period. Fecal coli- 
form counts ranged from 180 to 21,000 membrane filter 
fecal coliform counts per 100 milliliters (MFFCC/100 ml). 
The specific conductance values exhibited a trend toward 
higher values in the samples collected after storm events- 
a pattern which corresponds to the pattern for chloride 
concentrations--and ranged from 569 to 1,041 pmhos/cm 
at 25'~. The pH values were found to be within the 
applicable standard of 6.0 to 9.0 standard units and 
exhibited no discernible trend. Temperatures were well 
below the adopted standard of 8g°F. 

Ammonia-nitrogen (NH3-N) levels were well below the 
recommended 3.5 mg/l, with levels ranging from 0.03 to 
1.12 mg/l. The diurnal water quality data for Belgium 
Creek exhibit a broad range of dissolved oxygen con- 
centrations, from 1.1 to  10.4 mg/l over a 24-hour period. 

Compliance with Water Quality Standards 
The water quality of Belgium Creek, designated for 
marginal aquatic life, recreational use, and minimum 
standards, remained stable over the decade, but did 
not meet the water quality standards adopted by the 
Wisconsin Department of Natural Resources (DNR) for 
fecal coliform in 1975. Adverse water quality effects of 
treated sewage discharges and livestock wastes appear to  
be exhibited in the available data. 

The sampling station operated by the Commission has 
provided information on water quality in the con- 
tinuously flowing stream, Belgium Creek, which totals 
4.0 miles tributary to  the Sheboygan River. A com- 
parison of the 1964 data to the applicable 1976 DNR- 
adopted water quality standards indicates that all of 
the applicable standards were met at station Sb-1. In 
1975, by comparison, station Sb-1 was in violation of 
the fecal coliform standard, indicating degradation of 
water quality in 1975 as compared to 1964. Table 62 
indicates the water use objectives and supporting stan- 
dards violated during the period of 1964 through 1975. 

General Water Quality Ratings 
Table 63 sets forth the water quality index classifications 
for the one Commission-operated sampling station in the 
watershed. As indicated by the index, the 1964 water 
quality of Belgium Creek was fair. Sampling station Sb-1 
also exhibited fair conditions in August of the years 
1974 and 1975. 

Toxic and Hazardous Substances: No known stream water 
or bottom sediment sampling for toxic and hazardous 
material in the form of heavy metals, polychlorinated 
biphenyls (PCB's), or pesticides has been conducted 
within the portion of the Sheboygan River watershed 
within the Region and, therefore, no conclusions may be 
drawn with regard to the presence of these substances. 

SUMMARY 

Since the late 1840's in the densely populated areas 
of Milwaukee, and since the 1880's in selected rural- 
agricultural areas of southeastern Wisconsin, stream and 



Table 62 

COMPARISON OF OBSERVED WATER QUALITY CONDITIONS TO ADOPTED 1976 STREAM 
WATER USE OBJECTIVES AND SUPPORTING WATER QUALITY STANDARDS FOR MARGINAL 

AQUATIC Ll FE AND RECREATIONAL USE IN THE SHEBOYGAN RIVER WATERSHED 

NOTE: X indicates violation of water use objectives. 

Sampling 
Station 

Sb-l 

Total 

a There are five categories of water use objectives: 

7 1  Restricted recreational use and minimum standards. 

21 Marginal aquatic life, recreational use, and minimum standards. 

31 Limited fishery and aquatic life, recreational use. 

41 Warmwater fishery and aquatic life, recreational use. 

51 Trout fishery and aquatic life, recreational use. 

Includes phosphorus standard as interpreted by SEWRPC. 

Source: SEWRPC. 

Table 63 

~ p p l i c a b l e ~  
Objective 

2 

WATER QUALITY INDEX CLASSIFICATIONS 
FOR THE SAMPLING STATION OF THE 

SHEBOYGAN RIVER WATERSHED 
1964 AND 1974-75 

Source: SEWRPC. 

lake water quality conditions have exhibited visual signs 
of declining water quality. No longer was their pristine 
beauty untouched by man's activities. Raw sewage 
flowed freely into numerous streams in the more popu- 
lated areas and construction of new residential, com- 
mercial, and industrial buildings along with the streets 
needed to  accommodate this additional urbanization 
occurred very rapidly, resulting in ever-increasing pollu- 
tant loads to  the surface water network. Significant but 

Adopted standardsb 

temporary water quality improvement was observed 
during the periods following the initial stages of con- 
struction of primary and secondary wastewater treat- 
ment facilities until the facilities became overloaded 
and could no longer adequately and efficiently treat 
the sewage wastes. 

Miles 
Violated 

4.0 

The water quality conditions and long-term trends in 
those declining conditions were analyzed from data 
available for the period from 1964-1975 for each of the 
12  major watersheds in the Region in order to identify 
instances in which such pollution abatement programs 
had been fully successful, or had been frustrated by 
increased pollutant loads from other sources. 

Miles 
Meeting 

All 
Standards 

0.0 

Total 
Phosphorus 
(0.1 mgll) 

X 

Dissolved 

Oxygan 
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Map 39 presents the adopted 1976 water use objectives 
for the major surface water systems studied under the 
areawide water quality management planning program 
for southeastern Wisconsin and evaluates whether water 
quality conditions for 1964-1975 meet these initial 
recommended water use objectives for the 100 major 
lakes and the 1976 adopted standards for the perennial 
streams within the 12 watersheds of the Region. 

Des Plaines River Watershed 
In the Des Plaines River watershed surface water quality 

Fecal 
Coliform 

(2,000 MFFCC 
per 100 ml) 

X 

- 
conditions were found to be essentially unchanged over 
the decade. However, the water quality of the Des Plaines 
River and Brighton Creek, both intended for recreational 

Temperature 
( 8 9 ' ~ )  

P H 
(6.0-9.0 

standard units) 

Ammonia- 
Nitrogen 
(3.5 mgll) 



use and the maintenance of a warmwater fishery and 
other aquatic life, did not meet the water quality stan- 
dards adopted by the Wisconsin Department of Natural 
Resources in 1975 for dissolved oxygen and fecal coli- 
form bacteria. In addition, total phosphorus concentra- 
tions were found to be higher than the recommended 
level adopted by the Commission. 

Two of the four lakes in the watershed experienced less 
than 1.0 mg/l dissolved oxygen concentrations in the 
hypolimnion during summer stratification. For Lakes 
George and Paddock, for which complete chemical 
water quality data were available, the recommended 
levels of water quality were not achieved for one or 
more parameters, based on samples available from 
the Wisconsin Department of Natural Resources and 
the Commission. 

Fox River Watershed 
In the Fox River watershed, surface water quality con- 
ditions as measured at 12  sampling stations along the 
Fox River main stem were found to be slightly improved 
between 1965 and 1975. Streamwater quality conditions 
of the Fox River watershed as a whole did not meet the 
established water use objectives for recreational use 
and the maintenance of a warmwater fishery and other 
aquatic life in 1975. Supporting standards for dissolved 
oxygen, ammonia-nitrogen, and fecal coliform, and the 
recommended level for total phosphorus were generally 
not met. 

Of the 31 major lakes in the watershed for which water 
quality data are available, 19 exhibit potentially anaerobic 
conditions in the hypolimnion in the summer. Thirty-five 
of the major lakes in the watershed were classified for 
their trophic status: eight were classified as very eutrophic 
and two lakes in the watershed were considered to  be 
oligotrophic, with the remaining 25 being classified as 
mesotrophic. Of the 22 lakes for which complete chemi- 
cal water quality data are available, 1 3  lakes, or 59 per- 
cent, did not meet the recommended water quality 
levels for one or more parameters, based on sampling 
data collected by the Wisconsin Department of Natural 
Resources and the Commission. 

Kinnickinnic River Watershed 
In the Kinnickinnic River watershed, surface water 
quality as measured at a single Commission sampling 
station was found to be essentially unchanged over the 
decade and met the applicable water quality standards 
for restricted use and minimum standards as established 
by the Department of Natural Resources. 

Menornonee River Watershed 
Although remaining generally constant over the decade. 
the water quality -07 the ~enomonee  River ups t r ek  
from the confluence with Honey Creek designated for 
recreational use and maintenance of ? warmwater fishery 
and other aquatic life did not meet the established water 
quality standards for fecal coliform, dissolved oxygen, 
and ammonia-nitrogen, nor the recommended level for 
total phosphorus in 1975. Honey Creek and Underwood 

Creek tributaries showed no significant change over the 
decade. Both reaches, which are designated for restricted 
use and minimum standards, exhibited violations of fecal 
coliform counts, with Honey Creek recording excessive 
levels during the 1975 sampling period despite the indus- 
trial use standards applicable to these stream reaches 
which drain generally urban, commercial, and industrial 
land uses. 

Milwaukee River Watershed 
Although for specific parameters the water quality of 
the Milwaukee River and its major tributaries fluctuated 
between slightly improved, no change, or slightly worse, 
the overall quality has slightly declined since 1964. When 
comparing the 1975 water quality data to the water 
quality standards adopted by the Wisconsin Department 
of Natural Resources, dissolved oxygen, and fecal coli- 
form are found not to satisfy the minimum standards for 
recreational use and the maintenance of a warmwater 
fishery and other aquatic life set for the reaches of the 
Milwaukee River and its tributaries upstream from the 
North Avenue dam, nor the standards for restricted 
use set for fecal coliform for the reaches of the main 
stem of the Milwaukee River downstream from the 
North Avenue dam and for Lincoln Creek. In addition, 
total phosphorus levels were generally found to be 
significantly higher than the recommended level adopted 
by the Commission. 

Of the 12 major lakes located within the Milwaukee 
River watershed within the Region, dissolved oxygen 
profiles were available for seven. All of these exhibit 
potentially anaerobic conditions in the hypolimnion in 
the summer. Four of the major lakes have been classified 
according to  their trophic status; Silver as oligotrophic, 
Big and Little Cedar as mesotrophic, and Mud as very 
eutrophic. Of the four major lakes within the watershed 
for which complete water quality data are available, 
only Mud Lake exhibited conditions which conformed to 
the recommended water quality standards to be set forth 
in Volume Two, Chapter I1 of this report. 

Minor Streams Directly Tributary to  Lake Michigan 
The largest of the minor streams draining directly to  
Lake Michigan include Barnes Creek, Pike Creek, and 
Sucker creek. In the Barnes Creek subwatershed, water 
quality conditions were found to  be essentially unchanged 
between 1965 and 1975. The 1975 water quality condi- 
tions in the Creek, which is intended for restricted use 
and minimum standards, met the water quality standards 
for temperature, pH, dissolved oxygen, and fecal coliform. 

In the Pike Creek subwatershed, the observed dissolved 
oxygen levels at the single sampling station indicate 
essentially unchanged water quality conditions over the 
decade; however, chloride levels showed slight decreases 
and fecal coliform counts increased during the sampling 
period. Although the water quality did not change sig- 
nificantly over the decade, the applicable standards for 
recreational use and the maintenance of a warmwater 
fishery and aquatic life were not met with respect to  



fecal coliform counts and dissolved oxygen in 1975. 
In addition, total phosphorus values were in violation 
of the Commission's recommended standard of 0.1 mg/l. 

Improvements were noted over the decade at the 
sampling station in the Sucker Creek subwatershed 
for dissolved oxygen and chloride levels, indicating 
improvements in water quality conditions over the 
decade. Fecal coliform counts on the other hand were 
found to have increased, although phosphorus levels 
remained in excess of the recommended levels. Despite 
the improvements, Sucker Creek exhibits water quality 
conditions which do not meet the applicable water 
quality standards for recreational use and the mainte- 
nance of a warmwater fishery and aquatic life with 
respect to  fecal coliform counts, dissolved oxygen, and 
total phosphorus. 

Oak Creek Watershed 
In the Oak Creek watershed, surface water quality condi- 
tions were measured at two sampling stations on the 
Oak Creek main stem, and were found to be slightly 
degraded in general. However, fecal coliform counts 
improved somewhat in 1975. The total phosphorus 
levels observed during the 1975 sampling period were 
found to be in excess of the recommended level, and the 
dissolved oxygen, ammonia-nitrogen, and fecal coliform 
levels did not meet the applicable water quality standards 
for recreation and the maintenance of a warmwater 
fishery and other aquatic life. The downstream sampling 
station generally exhibited better water quality than that 
of the upstream station. 

Pike River Watershed 
Two sampling stations on the Pike River and two sarh- 
pling stations on Pike Creek of the Pike River watershed 
were monitored as part of the Commission continuing. 
water quality monitoring program. The sampling on 
Pike Creek indicated that in 1975, fecal coliform, pH, 
temperature, and dissolved oxygen levels did not meet 
the restricted use and minimum standards. However, 
dissolved oxygen sample results indicated that the water 
quality of the Pike River had improved slightly over the 
decade. The chloride and fecal coliform levels showed 
general improvement over the decade at both sampling 
stations on the main stem in the watershed, except during 
sampling periods which followed significant precipitation 
events. The main stem of the Pike River, which is desig- 
nated for recreational use and the maintenance of 
a warmwater fishery and aquatic life, exceeded the 
standards for dissolved oxygen, ammonia-nitrogen, fecal 
coliform, and total phosphorus. Generally, high levels of 
total phosphorus were recorded at all stations in 1975. 

Rock River Watershed 
Water quality conditions in the major tributaries of the 
Rock River within the Region were monitored under the 
Commission continuing water quality monitoring effort 
at 13  sampling stations, eight in the Upper Rock River 
subwatershed and five in the Lower Rock River sub- 
watershed. The Bark and Ashippun Rivers showed no 
significant change in water quality over the decade. 

No significant change was observed in the water quality 
of the Rubicon River, except at the sampling station 
located downstream from the City of Hartford sewage 
treatment plant, where the sewage treatment plant 
improvements completed in the summer of 1973 were 
reflected in improved dissolved oxygen levels. Water 
quality conditions in the Oconomowoc River showed 
no change except at the sampling station located down- 
stream from the City of Oconomowoc's old sewage 
treatment plant, where increased loadings from the plant 
were reflected in decreased water quality conditions. 
Whitewater Creek showed a slight improvement in fecal 
coliform counts over the decade. At the same time, 
the water quality of Jackson Creek and Turtle Creek 
deteriorated somewhat as measured at the sampling 
stations located downstream from the City of Elkhom 
and the City of Delavan sewage treatment plants. In 
general, the water quality of the Rock River tributaries 
lying within the Southeastern Wisconsin Region, all 
designated for recreational use and for the maintenance 
of a warmwater fishery and other aquatic life-with 
the exception of portions of Jackson Creek-meet the 
water quality standards for dissolved oxygen, ammonia- 
nitrogen, and fecal coliform and frequently exhibits 
concentrations of total phosphorus which are signifi- 
cantly higher than the recommended level. That portion 
of Jackson Creek, one mile upstream from sampling 
station Rk-11, which is designated for marginal aquatic 
life, recreational use, and minimum standards was not 
in compliance with the prescribed dissolved oxygen and 
fecal coliform standards. In addition, high concentrations 
of ammonia-nitrogen at stations on Jackson Creek and 
at the Delavan Lake outlet were recorded. 

All 38 major lakes in the Rock River watershed for which 
water quality data are available exhibited the potential 
for anaerobic conditions in the hypolimnion during the 
summer and the resulting adverse effects on fish and 
other aquatic life within these lakes. Of the 24 lakes 
which have been rated for their trophic status, 5 were 
rated as oligotrophic lakes, 14  as mesotrophic, 2 as 
eutrophic, and 3 as very eutrophic. All 21 major lakes 
for which complete chemical sampling is available failed 
to meet the recommended levels of water quality for 
one or more parameters. 

Root River Watershed 
In the Root River watershed, the Commission continuing - 
water quality monitoring program included sampling at 
six stations. Water quality conditions as measured by 
fecal coliform within the middle reaches of the watershed 
exhibited improvement as a result of the abandonment of 
four sewage treatment facilities previously discharging to 
the streams of the watershed. Water quality conditions as 
measured by chloride loadings and dissolved oxygen 
levels in the upper reaches of the Root River, however, 
exhibited some decline. This decline may be attributed 
to  the increased urbanization of the tributary area. The 
improved wastewater management practices instituted at 
the Cooper-Dixon (C&D) Duck Farm are manifested in 
improved water quality conditions in the Root River 
Canal. Despite these improvements, the water quality of 



the streams of the Root River watershed does not meet 
the applicable water quality standards for recreational 
use and maintenance of a warmwater fishery and other 
aquatic life with regard to dissolved oxygen, ammonia- 
nitrogen, and fecal coliform, and the total phosphorus 
levels in all of the streams were also found to be higher 
than the recommended level. 

Sauk Creek Watershed 
In the Sauk Creek watershed, the continuing water 
quality monitoring program of the Commission included 
the collection of samples from two stations. A slight 
decline in dissolved oxygen and chloride levels over 
the decade, and generally stable fecal coliform counts 
were recorded over the decade, as well as high total 
phosphorus concentrations. Although water quality 
conditions were generally stable over the decade, the 
water quality standards applicable for recreational use 
and the maintenance of a warmwater fishery and other 
aquatic life were not met within this watershed, with 
regard to  dissolved oxygen, ammonia-nitrogen, fecal 
coliform, and total phosphorus. 

Sheboygan River Watershed 
Water quality conditions in Belgium Creek in the She- 
boygan River watershed remained essentially unchanged 
over the decade, but did not meet the initial recom- 
mended water use objectives and supporting standards 
for marginal aquatic life, recreational use, and minimum 
standards for fecal coliform. 

General Water Quality in the Region 
When assessing the average of the water quality index 
ratings for all samples within the ~ e ~ i o n ,  no major 
shift in water quality over the 1965-1975 decade is 
indicated, although a subtle decline is observed overall 
in the levels of some parameters at some stations; this, 
despite observed improvements at 26 stations down- 
stream from points of improved wastewater treatment 
plants or reduced effluent discharges. In addition, of 
the total 458.6 miles of perennial streams within the 
Region for which 1 0  years of water quality data are 

available, only 52.1 miles, or 11.4 percent, met the water 
quality standards adopted by the Wisconsin Department 
of Natural Resources in 1976, and when the Commission- 
recommended levels for total phosphorus are applied 
only 2.5 miles, or 0.5 percent, met existing water quality 
standards during the period 1964 through 1975. 

When evaluating the 65 major lakes for which trophic 
status ratings are available, 8 lakes, or 12.3 percent and 
7 percent of the rated average, are rated as oligotrophic; 
38 lakes, or 58.5 percent and 52 percent of the rated 
acreage, are rated as mesotrophic; 6 lakes, or 9.2 percent 
and 12  percent of the rated average, are rated as 
eutrophic; and 1 3  lakes, or 20 percent and 29 percent 
of the rated acreage, are rated as very eutrophic. Only 
about 2 percent of the total of 49 lakes for which com- 
plete water quality data are available, 7 percent of the 
lake acreage for which data are available, met the initial 
recommended water use objectives, primarily due to  
high levels of inorganic nitrogen and inorganic phos- 
phorus. The 100 major lakes within the seven-county 
area also show visual scars of degraded water quality. 
Although natural eutrophication has done its part, the 
increased demands and loadings placed on the lakes in 
the Region due to urbanization and increased recrea- 
tional pressure are limiting the recreational and aesthetic 
values of the lakes. 

Based on 12 years of water quality data collected from 
1964 through 1975, degradation of southeastern Wis- 
consin's lakes and streams continues. Unfortunately, 
improved techniques of wastewater treatment coupled 
with more stringent regulations governing the discharge 
of effluents into the surface waters over the past several 
years have resulted in only localized or marginal improve- 
ments on certain reaches of streams. By contrast, the 
majority of streams have progressively declined in quality 
because of diffuse as well as point source pollution, 
and because of extensive violations of the established 
stream water quality standards since 1964, when the 
Commission benchmark survey of streamwater quality 
was conducted. 



Chapter V 

SOURCES OF WATER POLLUTION IN THE REGION 

INTRODUCTION 

A complete analysis of water pollution problems must 
include not only the identification of the location of 
the pollution sources, but an estimate of the type, quan- 
tity, and characteristics of the pollutants contributed and 
of the probable effects of those pollutants on the quality 
of the receiving waters. The quantity and character of the 
pollutants released must, moreover, be related to  the 
natural waste assimilation capacity of the receiving lakes 
and streams if the water quality effects are to be under- 
stood. This chapter is accordingly intended to identify 
the water pollution sources within the Region as of 1975, 
and to present estimates of the character and quantity of 
pollutants contributed by those sources. This chapter 
constitutes a summary of the more detailed analysis of 
pollution sources, documented in SEWRPC Technical 
Report No. 21, Sources of Water Pollution in South- 
eastern Wisconsin : 1975. 

For systems planning purposes, the most important 
characteristics of pollution sources are the amount and 
type of the specific pollutants discharged; the locations 
of the sources with respect to the surface water system; 
and the timing or conditions under which the pollutants 
are discharged to the waterways and thereby released into 
the aquatic environment. The rate at which a waste 
stream flows; the size, shape, and slope of the surface 
over which it flows; the characteristics of the material- 
soil, vegetation, or synthetic surface-upon or through 
which it flows; the spatial separation of the pollution 
source from the nearest body of surface water; the phy- 
sical or chemical stability of the waste stream as it 
degrades in the natural environment; and the moisture 
conditions in the tributary drainage basin prior to 
a rainfall or snowmelt event all serve to  complicate any 
attempt to precisely define these characteristics. Each 
unique combination of pollutant loading and attendant 
condition of the receiving water body is a function of the 
events during and preceding the specific discharge period 
involved. A clear example of this is the dependence 
of the concentration of pollutants in a storm washoff 
event upon the length of time since the last such event. 
The longer the time period during which the pollutant 
was able to build up on the earth's surface as a result 
of dry fallout and of deposition resulting from cultural 
processes, the more polluted will be the initial flush of 
storm water runoff. In other words, the occurrence of 
pollutants and their movement through natural systems, 
when considered in light of the numerous factors which 
affect those pollutants within the environment, are not 
simple deterministic processes which can be readily 
measured, calculated, and predicted. Rather, such occur- 
rences and movements are highly variable, characterized 
by probabilities of occurrence and by expected values as 

associated with other random processes. In recognition 
of this fact, the Commission, in the formulation and 
evaluation of alternative pollution abatement plans in 
this report, has related the effects of water pollution 
sources presented in this chapter to the probability of 
achieving the recommended water use objectives and 
supporting standards. 

POLLUTION SOURCE CATEGORIES 

Presentation of information relating to such a pervasive 
phenomenon as water pollution is difficult because of 
the many interrelated factors which determine the nature 
and severity of pollution. More specifically, a clear and 
useful presentation of the sources of water pollution, the 
amounts of pollutants they contribute, and their relative 
importance is complicated by three factors: 1) the pollu- 
tion sources are difficult to  categorize; 2) the geographic 
area of presentation may not correlate readily to  the 
affected hydrologic unit; and 3) meteorological processes 
may have an effect on the transport and delivery of 
pollutants to  the streams and lakes. With regard to the 
first factor, streets and highways are an integral part of 
any urban development pattern, but exist in rural areas 
as well. Pollutants in storm water are contributed by 
diffuse sources, but may be released to  the waterways 
at a single point, through a storm sewer outfall. Storm 
water may infiltrate ganitary sewers as groundwater, or 
may enter directly as inflow from roof drains or flooded 
manhole covers, surcharging such sewers and causing 
them to overflow through various kinds of flow relief 
devices. Sanitary sewage may flow into storm sewers 
if cross-connections have been constructed to  relieve 
excess flow and avoid sanitary sewer surcharging and 
the attendant health hazard associated with basement 
flooding. Some residential, commercial, and industrial 
areas may be drained by storm sewers, while others may 
be drained by roadside ditches, and interconnected 
natural swales and watercourses. Because of the problems 
inherent in categorizing pollution sources, it is imperative 
to avoid double-accounting of the various sources, and 
to carefully explain what is and what is not included 
within each pollutant category. Accordingly, this chapter 
addresses pollution from sanitary sewers, storm sewers, 
and combined storm and sanitary sewers as separate 
categories. Storm sewer systems are defined as including 
not only the systems of subsurface conduits, which have 
been constructed to drain urban areas, but also any major 
surface drainageways which may interconnect .such sub- 
surface conduits as part of a larger system or drain them 
to the nearest receiving natural watercourse. The pollu- 
tion contributions from storm sewer discharges are 
presented in association with urban land runoff. 



URBAN AND RURAL POLLUTION SOURCES 

For purposes of this report, the major distinction to 
be made in the categories of pollution sources is the 
predominantly urban or rural character of each source. 
This distinction is particularly important in relating 
pollution problems to alternative solutions and imple- 
mentation responsibilities. Urban pollution sources are 
herein defined as those associated with residential land 
uses regardless of density, and the associated land uses 
which serve and support the residential uses.' These 
urban land uses are identified in Figure 29 and include, 
in addition to residential land uses, industrial and com- 
mercial land uses, transportation land uses, recreational 
land uses, and certain activities related to the modifica- 
tion of the land surface such as earth moving, grading, 
trenching, clearing, grubbing, dredging, or channelization. 
In addition to storm runoff, urban water pollution sources 
include sanitary sewage, combined storm and sanitary 
sewage, effluent from onsite sewage disposal systems, 
and industrial wastewaters. Rural land uses are herein 
defined as all of the residual nonurban land uses, includ- 
ing agriculture, silviculture, and natural areas of the 
Region. The rural water pollution sources include the 
runoff from livestock operations, croplands, pasturelands, 
unused or open lands, orchards, woodlands, and wetlands. 

Because of the complex mix of rural and urban land uses 
found in the rapidly urbanizing Region, it has been 
necessary to make somewhat arbitrary distinctions 
between rural and urban uses for some pollution sources 
which may relate to both types of land uses. It is believed, 
however, that neither the areal extent nor the pollutant 
loadings associated with these sources represent a signifi- 
cant proportion of the regional totals. These pollution 
sources include direct air pollution fallout to water 
bodies, which-because most of the acreage of lakes 
and streams is located in rural areas of the Region-is 
considered herein as a predominantly rural source. 
Included as urban sources are all known residential onsite 
sewage disposal systems-including those serving rural 
farmsteads and isolated homesites of less than five acres 
in extent, sand and gravel pits and stone quarries, solid 
waste disposal operations, and parks including golf 
courses. Freeways and other arterial highways are con- 

' I t  should be noted that the pollutional effects of rural 
farmsteads and isolated, individual rural homesites were 
considered in two components. The runoff of storm 
waters from the lawns, gardens, driveways, and buildings 
was considered along with the contributions from adjoin- 
ing land uses, since these residential land surfaces com- 
prise a very small proportion of the rural land uses. The 
diffuse pollution associated with onsite sewage disposal 
systems was considered separately from the land surface 
runoff, but along with the other onsite systems estimated 
to be located within each watershed, and with due regard 
to the estimated proportion of malfunctioning or improp- 
erly installed systems. 

sidered as urban sources, but local collector and land 
access streets serving adjacent land uses are classified 
with the adjacent urban or rural land uses. 

Figure 29 presents a summary diagram of the interrela- 
tionships of diffuse sources of pollution and the points 
at which pollutants are contributed to natural water 
bodies, as well as major functional routes of the waste- 
water discharged from municipal and industrial outfalls, 
combined storm and sanitary sewers, and storm sewers. 

POINT AND NONPOINT POLLUTION SOURCES 

Two other general categories of pollution sources which 
are sometimes used in the consideration of the effects of 
human activities on surface water quality are point sources 
and nonpoint sources. These pollution source categories 
do not coincide with the urban-rural dichotomy discussed 
above. Point sources of pollution are defined as concen- 
trated discharges of wastewater emanating from a specific, 
discrete site. Because point sources discharge collected 
wastewaters to  surface water bodies through a pipe or 
other identifiable conduit, point sources generally can 
be more readily eliminated or abated than nonpoint 
sources. Examples of such discernible confined and 
discrete sources of pollution include sewerage system 
flow relief device outfalls, sewage treatment plant out- 
falls, and industrial waste outfalls. 

Nonpoint sources of pollution are frequently defined 
as diffuse discharges of wastewater which cannot be 
identified as a point source. Most commonly, these con- 
sist of storm water runoff and snowmelt discharges 
carrying sediment and chemical substances which act as 
water pollutants. The distinction between point and 
nonpoint sources of pollution is, however, also somewhat 
arbitrary since diffuse pollution sources associated with 
urban and rural runoff can be collected, channelized, and 
conveyed to identifiable points of discharge, such as 
storm sewer outfalls. 

WATERSHED AND GOVERNMENTAL UNITS 

As already mentioned, another factor complicating the 
presentation of inventory data pertaining to pollution 
sources is the geographic area of presentation. The area 
relevant to a specific pollution source may not correlate 
readily to the affected hydrologic unit-the watershed 
and subdivisions thereof, such as subwatershed or sub- 
basin-within the Region. For example, the storm water 
runoff from an urban area may be carried by a s tom 
sewer system which serves an area at least roughly con- 
gruent with the original natural catchment area, while 
the sanitary sewage discharges may be carried through 
a more extensive system of subsurface conduits crossing 
low-relief natural watershed boundaries several times 
before draining to the ultimate site of wastewater treat- 
ment. A related problem exists when the data related to 
a diffuse source of pollution are available only by civil 
division-as opposed to  the sanitary sewerage service area 
or the hydrologic unit. 
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In order to be useful in subsequent analyses, all of 
the water pollution sources data must be related to 
the hydrologic watershed to which they are tributary. 
Accordingly, the several inventories of pollution sources 
were conducted in such a manner that the resulting data 
could always be related to the natural watershed, and, 
therefore, the inventory findings are presented in this 
chapter only by watershed. The pertinent data on urban 
storm sewer systems and on land cover in rural areas 
are readily presented by watershed. For convenience, 
however, the pertinent data on sanitary and combined 
sewerage systems were presented in the SEWRPC Techni- 
cal Report No. 21 by subregional areas initially delineated 
under the regional sanitary sewerage system planning 
program. These subregional areas have proven to  be 
sound for sanitary sewerage system planning purposes, 
and can be related to the hydrologic watersheds within 
which the effluents are ultimately released. The bounda- 
ries of these subregional areas were delineated on the 
basis of the location of major watershed divides, the 
existing and potential service areas of existing centralized 
sanitary sewerage systems, and existing and probable 
future areas of urban development. Because of their 
past and continuing value for sanitary sewerage system 
planning, these areas provided the best available basis 
for assembling and reporting the sanitary and combined 
sewerage system inventory data required for the areawide 
water quality management planning effort and were 
utilized in SEWRPC Technical Report No. 21. For pur- 
poses of analysis of water pollution control alternatives, 
however, such data are reported in this chapter by 
hydrologic watershed. 

The pollution source inventory data presented in this 
chapter and in the more detailed technical report cited 
above were reorganized and presented in appendices to 
that report according t o  other appropriate geographic 
units to  facilitate the review and use of the data not only 
in the areawide planning process but in plan implemen- 
tation as well. More specifically, pertinent data on the 
existing sanitary and combined sewerage systems were 
summarized in appendices by civil division; data on the 
sanitary sewer flow relief devices and combined sewer 
outfalls are presented by watershed and civil division; 
data on the storm sewer systems are presented by civil 
division; and data on the diffuse sources of pollution are 
presented by county. 

With regard t o  the third factor which complicates the 
presentation of data on pollution sources in the Region- 
the effect of meteorological processes on the transport 
and delivery of pollutants to the streams and lakes-the 
water quality conditions of the surface waters are a func- 
tion of their capacity to  assimilate the amounts of 
pollutants actually reaching the stream. These pollutants 
may be due to storm water flows which carry pollutants 
from the land surface to the waterways, to heavy pollu- 
tant buildup washed from the land surface after a long 
period without precipitation or snowmelt, or to  a com- 
bination of these occurrences. The relative importance 
of the different types of pollution sources and their 
associated pollutant transport and delivery mechanisms 

varies with these factors. Because the relationship 
between precipitation events and pollutant buildup is 
a random one, except when characterized for many 
such events and over a long period of time, it is difficult 
to present a single and universal depiction of the relative 
importance of the different pollution sources. Therefore, 
the Commission utilized a hydrologic-hydraulic-water 
quality simulation model for the analysis of plan alter- 
natives and applied the findings of this chapter as an 
independent check of the modeling results, which are 
presented in Volume Two, Chapter IV of this report. 

EFFECTS OF WATER POLLUTANTS 

Table 64 sets forth the types of pollutants associated 
with each of the major categories of pollution sources. 
Regardless of source, the pollutants listed in Table 64 
may be expected to have the same general effects on 
the water quality of a stream or lake. The specific effects 
of the existing and anticipated future pollution sources 
will be considered in Volume Two, Chapter IV and 
Volume Three, Chapter I1 of this report. However, it is 
possible to characterize the effects of these pollutants 
on the quality of the streams and lakes in a general way. 
Accordingly, the following comments discuss the general 
physical, chemical, and biological effects on surface water 
quality of selected pollutants; the current understanding 
of the potential for disease associated with the pollutants; 
and the degree to  which the general levels of the pollu- 
tants meet the currently adopted water quality standards 
for waters intended for the maintenance of fish and 
aquatic life and for recreational use-the Congressionally 
mandated national water use objectives. 

The various pollution source categories listed in Table 64 
may contribute a total of 17 major pollutants including: 
suspended solids; dissolved solids; oxygen-demanding, 
rapidly degrading organic substances; slowly degrading or 
nondegrading organic substances; nitrogen; phosphorus; 
pathogenic organisms; toxic and hazardous substances; 
corrosives; grease and oil; dissolved organic substances; 
detergents; heat; heavy metals; and pesticides. Some of 
these pollutants can and do interact, thereby causing 
additional environmental hazards; for example, oxygen- 
demanding substances exert their influence more quickly 
at higher temperatures, while warmer water holds less 
dissolved oxygen than does cooler water. Other pollu- 
tants are sensitive to the pH (hydrogen ion concentration) 
of the aquatic environment. The following descriptions 
of the effects of the various kinds of pollutants--except 
as notedassume a typical water quality condition in 
which the subject pollutant is the principal cause of 
degradation beyond natural conditions and is not affected 
by the other pollutants present. 

Of the plethora of pollutants, a select few have been 
historically identified and studied both as predominant 
pollutants and as principal indicators of the presence of 
other more specific polluting substances. The specific 
water chemistry indicators which are utilized in this 
chapter include total nitrogen, total phosphorus, five- 
day biochemical oxygen demand, suspended solids, and 



Table 64 
POLLUTANTS ASSOCIATED WITH CATEGORIES OF POLLUTION SOURCES FOUND IN THE REGION 

Specific Pollutants 
Contributed to Watercourses 

Suspended solids, degradable organic 
(oxygen-demanding) substances; 
phosphorus; nitrogen; slowly or 
nondegradable organic substances; 
bacteria; viruses; toxic and hazardous 
substances 

Viruses; bacteria; degradable organic 
(oxygen-demanding) substances; 
nitrogen; phosphorus, dissolved 
organic substances; suspended solids 

Viruses; bacteria; degradable organic 
(oxygen-demanding) substances; 
nitrogen; phosphorus; dissolved organic 
substances; suspended solids 

Oxygen-demanding substances; dissolved 
solids; suspended solids; toxic and 
hazardous substances; corrosives; oil; 
grease; detergents; heat 

Oil; grease; suspended solids; dissolved 
solids; oxygen-demanding substances; 

phosphorus; nitrogen; pesticides; toxic 
and hazardous substances; bacteria; 
viruses 

Oil; grease; suspended solids; dissolved 
solids; oxygen-demanding substances; 
phosphorus; nitrogen; pesticides; toxic 
and hazardous substances; bacteria; 
viruses 

Suspended solids; dissolved solids; oxygen- 
demanding substances; toxic and 
hazardous substances; phosphorus; 
nitrogen; bacteria; viruses; grease and oil 

Suspended solids; dissolved solids; oxygen- 
demanding substances; toxic and 
hazardous substances; phosphorus; 
nitrogen; bacteria; viruses; grease 
and oil 

Suspended solids; dissolved solids; 
grease; oil 

Eroded soil particles; nitrogen; 
phosphorus; oxygen-demanding 
substances; toxic and hazardous 
substances; grease and oil 

Eroded soil particles; nitrogen; 
phosphorus; oxygen-demanding 
substances; toxic and hazardous 
substances; grease and oil; 
dissolved solids; suspended solids 

Eroded soil particles; nitrogen; 
phosphorus; grease and oil; oxygen- 
demanding substances 

Suspended solids; dissolved solids; 
nitrogen; phosphorus; grease and 
oil; oxygen-demanding substances 

Category of Pollution Source 

Urban Categories: 

Publicly or privately owned sanitary 
sewerage system discharges 
and overflows 

Privately owned onsite sewage disposal 
systems (septic tanks, mound systems) 

Holding tanks 

Industrial wastewater outfalls 

Storm sewerage systems 

Storm runoff from residential areas 

Storm runoff from commercial areas 

Storm runoff from industrial areas 

Storm runoff from mining areas 

Storm runoff from construction areas 

Storm runoff from transportation areas 

Runoff from dredging and 
channelization areas 

Storm runoff from recreational areas 

Principal Associated 
Substances Containing Pollutants 

Treated and untreated sanitary sewage or 
combined storm and sanitary sewage 

Surface runoff of effluent from 
malfunctioning or improperly 
designed systems 

Groundwater discharge of effluent 
(holding tank wastes, including 
sanitary and household wastes 
improperly disposed on land) 

Process waters, including wash waters, 
rinse water, organic wastewaters, 
chemical wastes, cooling waters 

Street litter and runoff, pet litter, lawn 
runoff, and rooftop and parking 
lot runoff 

Lawn runoff, street litter, pet litter, 
rooftop and parking lot runoff, 
garbage, degraded surface coatings, 
vegetation 

Loading dock and work area litter, 
parking lot runoff, refuse litter, fuels 

Loading dock and work area litter, runoff 
from materials storage, parking lot 
runoff, refuse litter, fuels, wood, 
virgin and scrap metals, paper, plastics, 
salt, sand and gravel, organic deposits, 
fly ash, petroleum and chemical 
products, corrosives, waste chemicals, 
brush, garbage, rubber, acids, glass, 
ceramics, paint, glue, solvents 

Sand, gravel, quarried stone, dust, 
chemicals, petroleum products 

Building materials, pesticides, fertilizers, 
cement, fuels, petroleum products, 
soil particles, garbage, litter, chemicals 
(paints, glues, solvents, acids, concrete 
curing compounds, lime, fly ash, salt) 

Fuel, oil, grease, hydraulic fluids, coolants, 
engine emission particles, rubber particles, 
litter, brake linings, pavement particles, 
paints, vegetation, deicing salts, cinders, 
spilled materials, chemicals, pesticides, 
carrion, soil particles 

Soil particles, vegetation, sediments, 
petroleum products, organic deposits 

Vegetation, fertilizers, pesticides, garbage, 
litter, eroded soil particles, disturbed 
stream or lake sediments, petroleum 
products 



Table 64 (continued) 

Source: SEWRPC. 

fecal coliform. The discussion below addresses nitrogen 
and its various forms; phosphorus; oxygen-demanding 
substances; pathogenic organisms, including the indicator 
organism fecal coliform; and suspended solids, since these 
are the basic parameters for which pollutant loads are 
estimated in the watershed discussions which will follow. 
A parallel discussion of the other pollutants and their 
effects can be found in Chapter I1 of Technical Report 
No. 21. 

Specific Pollutants 

Contributed to Watercourses 

Suspended solids; dissolved solids; 
nitrogen; phosphorus; oxygen- 
demanding substances; pesticides; 
bacteria; viruses 

Suspended solids; dissolved solids; 
nitrogen; phosphorus; pesticides; 
bacteria; viruses 

Suspended solids; dissolved solids; 
pesticides; nitrogen; phosphorus 

Nitrogen; phosphorus; eroded soil 
particles; oxygen-demanding 
substances; pesticides; bacteria; 
viruses 

Nitrogen; phosphorus; oxygen- 
demanding substances; heavy 
metals; inorganic solids 

Category of Pollution Source 

Rural Categories: 

Storm runoff and direct drainage 
from livestock operations 

Storm runoff from croplands 
and pasture lands 

Storm runoff from orchards 

Storm runoff from woodlands 

Direct fallout of air contaminants 
and storm runoff from wetlands 
and surface waters 

Nitrogen 
Nitrogen is a nutrient essential for plant growth and, along 
with phosphorus, is often cited as causing problems of 
overfertilization in surface waters. The various chemical 
compounds of nitrogen are important water quality 
parameters because of the significance of nitrogen as 
a nutrient in the life processes of all plants and animals. 
The amount of growth of plants may be limited by the 
nitrogen concentration, provided all other required nutri- 
ents are present and above the critical concentrations. 

Principal Associated 
Substances Containing Pollutants 

Manure, bedding, eroded soil particles, 
pesticides 

Eroded soil particles, fertilizers, 
pesticides, manure, crop residue 

Eroded soil particles, vegetation, 
prunings, pesticides, fertilizers, mulch 

Vegetation, pesticides, slashings and 
logging debris, wood chips, bark, 
eroded soil particles, leaf leachate, 
detritus livestock manure, wildlife 
droppings 

Air contaminants, nitrogen-oxides (NO,), 
hydrocarbons, sulfur oxides, lead, 
particulates, organic carbon), smoke, 
dust, soot, fly ash, seeds, fumes, mists, 
odors, contaminated precipitation, dry 
fallout, wind-carried soil particles, 
wildlife droppings, aquatic vegetation, 
disturbed sediments 

Nitrogen may occur in water and wastewater in the form 
of nitrates, nitrites, ammonia, and organic nitrogen. 
Excessive growth of algae and other aquatic plants may 
occur from excessive discharges of nitrates to the streams 
and lakes of the Region, giving rise to unsightly scum and 
unpleasant odors when nitrate is present along with 
phosphate and other growth factors above a minimum 
level. In spite of having many sources, nitrates are seldom 

abundant in natural surface 'waters, for they serve as an 
essential nutrient for all types of plants, from phyto- 
plankton to trees. Photosynthetic action constantly 
utilizes nitrates and converts them to organic nitrogen 
in plant cells. Methemoglobinemia, a serious or even 
fatal disease in infants under three months of age charac- 
terized by displacement of oxygen by nitrite in the 
hemoglobin in blood, is generally held to  be a hazard 
of nitrate concentrations in excess of 45 milligrams per 
liter (mg/l) in drinking water, a level corresponding to 
about 10 mg/l of nitrate-nitrogen. 

Nitrite occurs in nature as a chemically unstable sub- 
stance readily oxidized to nitrate, and for this reason is 
normally present in very low concentrations in surface 
waters. Nitrites are often byproducts of bacteriological 
action upon ammonia and nitrogenous substances. 
Nitrites are toxic, but rarely occur in large enough 
concentrations to  cause a health hazard. The brewing and 
dairy industries require that water contain no nitrites. 
In association with ammonia and nitrate, nitrites in water 
are often indicative of pollution. 

Ammonia is the chief decomposition product from plant 
and animal proteins and is used as chemical evidence of 
pollution by sanitary wastes. In the presence of oxygen, 
however, ammonia is transformed by the nitrifying 
bacteria into nitrate. Ammonia may also result from the 
discharge of industrial wastes or from scouring and clean- 



ing operations where ammonia water is used. Streams and 
lakes known to be unpolluted have very low ammonia 
concentrations, generally less than 0.2 mg/l expressed as 
nitrogen. In groundwater, however, ammonia generally 
occurs in higher concentrations as a result of natural 
reduction processes. High concentrations of ammonia, 
particularly in the presence of high pH levels, can be 
toxic to  aquatic animals. Algae which live on high nitrate 
concentrations appear to be harmed or inhibited when 
the nitrogen is in the form of ammonia. 

The organic nitrogen content of a water is contributed by 
amino acids, proteins, and polypeptidesall products of 
biological processes. An increase in the organic nitrogen 
content may often be related to the sewage or industrial 
waste pollution of a given water supply. In water treat- 
ment plants practicing chlorination, the presence of 
organic nitrogen and ammonia increases the amount of 
chlorine required since additional chlorine is utilized in 
the chemical formation of chloramines by the reaction 
of chlorine with the organic nitrogen or ammonia. 
Organic nitrogen also exerts a certain amount of chemical 
oxygen demand, since oxygen present in the surface 
water is utilized in the oxidation of organic nitrogen, 
reducing the dissolved oxygen concentrations vital for 
aquatic life. 

For ammonia, concentrations of 0.02 mg/l as un-ionized 
ammonia is the EPA-recommended level in freshwater 
streams to avoid conditions toxic to warmwater fish. 
There are no state or federally recommended levels for 
concentrations of nitrate, nitrite, or organic nitrogen 
forms in lakes or streams, since the hazardous or toxic 
levels are very unlikely to  occur. studies2 have indicated 
that the approximate threshold concentration for algae 
growth in lakes is 0.1 mg/13 nitrate-nitrogen. Nitrate- 
nitrogen concentrations below 0.1 mg/l, however, can 
be supplemented by nitrogen fixation from atmospheric 
sources which occurs in blue-green Blooms 
by nonnitrogen-fixing algae can be anticipated in lakes 
when the inorganic nitrogen concentrations exceed 
0.3 mg/l, providing the phosphate-phosphorus level 

2 ~ t a t e  o f  California Publication No. 34, Eutrophication- 
A Review, State Water Quality Control Board, 1967, 
p. 30. 

3 ~ .  Fay et al, T s  the Heterocyst the Site o f  Nitrogen- - 
Fixation in Blue-Green Algae?" Nature, 220:810, 1968. - 

W.G. W. K u n  and T.A. LaRue, "Nitrogenase in Anabaera 
flos-aquae Filaments ~ a c k i n g  ~ e t e r o c ~ s t s , "  Naturwis- 
senschatten, 58:417, 1971. 

'inorganic nitrogen includes the nitrate-nitrogen, nitrite- 
nitrogen, and ammonia-nitrogen concentrations collec- 
tively. 

7 ~ .  N. Sawyer. "Fertilization o f  Lakes by Amicultural - ,  - - 
and Urban Drainage," ~ournal  N ~ W  England Water Works 
Association, Volume 61.  1947. 

exceeds 0.01 mg/l. Given the potential natural sources 
of nitrogen forms and the difficulty of controlling 
such sources-which may include atmospheric fallout 
and washout-nitrogen standards for surface waters 
appear impractical. 

Phosphorus 
To control algae and aquatic plant growths in surface 
waters due the influx of a critical nutrient, contemporary 
water resources management practice places emphasis 
on phosphorus control rather than on the control of 
nitrogen or the other necessary elements which are gen- 
erally more readily available in the natural environment. 

High phosphate concentrations in water are associated 
with excessive algae or other aquatic plants growths. 
Algae have been frequently cited as responsible for 
unpleasant taste and odor in drinking water supplies. 
Algae growths can impart color and turbidity to water. 
Algae also interfere with the water treatment processes 
of filtration and disinfection and reduce the useful 
capacity of reservoirs by concentrating at certain depths 
in the water or along the shallow margins or bottom. 
Other problems caused by algae in domestic water 
supplies include clogging of intake screens and reduction 
of flow capacity. Algae are also undesirable in water for 
a variety of industrial uses, including cooling towers, 
paper manufacture, laundry, photography, and chemical 
industries. Algae can cause heavy fish mortality through 
direct poisoning or by the depletion of oxygen as a result 
of the death and decay of excessive growths. Algae, both 
fresh and decaying, have also been reported to  be toxic 
to livestock and wildlife. Deaths of a variety of animals, 
after drinking water containing high concentrations of 
blue-green algae such as Aphanizomenon, Anabaena, and 
~nacystis,  have been reported from many parts of the 
world if not specifically from southeastern Wisconsin. 
Excessive growths of algae destroy recreational and 
aesthetic values of lakes and also cause inconvenience 
to  the recreational users. Wave action may concentrate 
a large amount of algae on shore, which, if not removed 
immediately, will cause foul odors and an offensive 
appearance during decomposition. 

Aquatic fertilization can also induce heavy growth 
of large, rooted, aquatic plants or macrophytes. The 
aesthetic and chemical hazards of plant overgrowth from 
macrophytes is similar to  that associated with algae, 
although macrophytes pose no health hazards. Although 
macrophytes may provide some aquatic wildlife habitat, 
in extremely heavy growths they may reduce shore 
erosion from wave action, and have even been suggested 
to  improve water quality by nutrient uptake or by 
encouraging the settling of suspended solids. The largest 
and most hardy macrophytes, however, do present 
a structural impediment to desirable water use because 
of the strength and durability of certain of their special- 
ized, fibrous tissues. The snarling of boat propellers, 
water skis, and fishing tackle and documented cases of 
entanglement and resultant drowning of swimmers have 
caused public objection to  the presence of macrophytes. 
The ameliorative measures of chemical treatment and 
weed harvesting have resulted in increasing levels of local 
expenditures to  control this water quality problem. 



studies8 have indicated that 0.01 mg/l phosphate- 
phosphorus is the approximate threshold concentration 
for algae growth in lakes if sufficient nitrogen is also 
available, along with other necessary conditions such 
as temperature, incident sunlight, or the presence of 
essential elements like boron. Federal reports on water 
quality criteriag,10 contain guideline values of a maximum 
of 0.10 mg/l total phosphorus in flowing streams and 
0.05 mg/l in streams entering lakes or reservoirs to  
prevent nuisance growth of aquatic plants in streams 
and lakes. 

Oxygen-Demanding (Degradable Organic) Substances 
One especially offensive type of pollution occurs when 
relatively large amounts of putrescible organic materials, 
which require oxygen for their decomposition, are 
introduced into waters. The biodegradation, or oxidation, 
of carbonaceous or nitrogenous materials by bacteria and 
microorganisms depends on the dissolved oxygen already 
present in the receiving waters, oxygen entering from the 
atmosphere, and oxygen released by photosynthetic 
processes. When the rate of oxidation is greater than the 
rate of oxygen replenishment, the concentration of 
dissolved oxygen in receiving waters declines. In addition, 
algae and other aquatic plants may cause large daily 
fluctuations in the dissolved oxygen concentrations of 
surface waters, as these plants produce oxygen through 
photosynthesis during the daylight hours and consume 
oxygen by respiration at night. Such diurnal dissolved 
oxygen variations often produce unfavorable conditions 
for the maintenance of desirable forms of aquatic animal 
life during the low phase of the daily cycle. Low dis- 
solved oxygen concentrations in surface waters create 
an unsuitable environment for fish and other desirable 
forms of aquatic life, and the absence of dissolved oxygen 
leads to a septic or anaerobic condition with its associated 
foul odors and unpleasant appearance. Anaerobic condi- 
tions also affect the release rate of toxic materials and 
nutrients from sediments and increase denitrification 
rates. The state and federally adopted water quality 
standards call for 5.0 mg/l of dissolved oxygen for the 
protection and propagation of fish and other aquatic 
life. However, a 6.0 mg/l concentration is recommended 
for trout streams, with 7.0 mg/l specified for trout 
spawning periods. 

The fiveday biochemical oxygen demand (BOD5). is 
a measure of the oxygen used over a fiveday penod 
at 2 0 ' ~  in the aerobic bacterial decomposition of the 

*sta te  of California Publication No. 34, Eutrophication- 
A Review, State Water Quality Control Board, 1967, 
p. 30. 

Water Quality Criteria, Report of the National Technical 
Advisory Committee, p. 34. 

l o  U. S. Environmental Protection Agency, Water Quality 
Criteria, Ecological Research Series, March 1973, p. 81. 

organic wastes in a water sample. Thus, BOD5 is a fre- 
quently used measure of the concentration of decom- 
posable organic substances. It should be noted that BOD5 
is not a pollutant, since it is not a specific chemical 
substance, physical property, organism, or group of 
organisms; and it is measurable only in the presence of 
aerobic decay bacteria under a set of controlled test 
conditions that do not prevail in nature. BOD5 deter- 
minations are important in water quality studies because 
they indicate levels of organic pollution and the 
attendant potential decrease in dissolved oxygen concen- 
tration. Without the knowledge of the reaeration 
characteristics of a stream, BOD5 values cannot be used 
except in a very general way to determine where dis- 
solved oxygen concentrations may reach critically low 
levels for the preservation of fish life. However, in this 
report BOD5 is regarded as a pollutant and as an aid to  
prediction, analysis, and planning. 

Pathogenic Organisms 
Because they can cause serious illness in animals and 
in man, bacteria and viruses are among the most impor- 
tant of the pollutants which can impair water use in 
southeastern Wisconsin. These are insidious pollutants 
because they can be detected only through the applica- 
tion of sophisticated laboratory procedures. However, 
the bacteriological safety of water can be determined 
in the test for "coliform bacteria," which refers to  
a group of bacteria which are rod shaped, aerobic, 
facultative anaerobic, gram-negative, and nonspore- 
forming, and which ferment lactose with gas formation 
within 48 hours after incubation at 35OC. This com- 
bination of structural and physiological characters exists 
in the genera Escherichia, Erwinia, Salmonella, Shigella, 
Serratia, and Enterobacter, a large and ecologically 
somewhat diverse group. 

The number of coliform bacteria per unit volume of 
water is the most widely used indicator of the possible 
presence of disease-producing organisms. Coliform bac- 
teria are easily detected and apparently harmless micro- 
organisms which occur in extremely large concentrations 
in the intestinal tracts of man and warm-blooded animals, 
along with the pathogenic--or disease-producing-bacteria. 
Therefore, the presence of large numbers of coliform 
bacteria in a water is used as an indicator of the possible 
presence of enteric pathogens in that water, while the 
absence of coliform bacteria is used as an indicator of 
the probable absence of pathogenic bacteria. Coliform 
bacteria are also present in the soil, however, and there- 
fore may originate from sources other than the human 
intestinal tract, so that a high coliform count is not 
necessarily indicative of fecal pollution. Tests have been 
developed to determine the number of actual fecal 
coliform organisms present in water, and such tests are 
considered a better indicator of the probable presence 
of disease-producing organisms than total coliform tests. 

The genera Salmonella and Shigella include most of the 
important causative agents of intestinal disease in man- 
the agents of bacillary dysentery, infectious hepatitis, 
typhoid and paratyphoid fevers, and one of the most 



common and serious kinds of food poisoning. These 
pathogens are transmitted almost exclusively by the fecal 
contamination of water, food, and milk. Transmission 
through water is by far the greatest means of infection 
and has been the source of mass epidemics. Today, 
typhoid fever is a very rare disease in most civilized 
countries, and its disappearance has been achieved largely 
by the sanitary control of water supplies. It is seldom 
possible to isolate intestinal pathogens directly from 
water that has undergone fecal contamination unless the 
water has been recently and massively contaminated. 
However, any water supply that is contaminated with 
fecal matter is a potential source of disease, and thus 
the recognition of such contamination is essential to 
sanitary control. 

The drinking water standards established in 1974 by the 
Wisconsin Department of Natural Resources limit the 
mean total coliform concentration in treated drinking 
water to  one colony per 100 milliliters (ml) by the 
membrane filter coliform count (MFCC) method. In 
water used for the maintenance of fish and other aquatic 
life and for recreational purposes, State of Wisconsin 
standards specify a monthly geometric mean membrane 
filter fecal coliform count (MFFCC) based on a mini- 
mum of five samples per month of not more than 
200 colonies per 100 ml, and a maximum count not 
exceeding 400 colonies per 100 ml for more than 
10 percent of the samples during any month. 

Viruses can be transmitted to  water and infect human 
populations by contaminating the drinking water, food, 
milk, and swimming areas. Although enteric viruses are 
found in relatively small numbers in polluted waters, 
their occurrence could be hazardous since the minimum 
infective dose for humans has not been firmly estab- 
lished?' Viruses are submicroscopic infective agents so 
small as to be regarded either as the simplest of micro- 
organisms or as extremely complex molecules containing 
a protein coat surrounding a core of genetic material and 
being capable of growth and multiplication only within 
living cells. Viruses are the causes of various important 
diseases in man, lower plants, and animals. Viruses can 
be transmitted by water and infect human populations by 
contaminating drinking water, food and milk, swimming 
areas, or other media to  which humans are exposed. 
Although there are means of immobilizing or inactivating 
viruses, there is no consistently and predictably effective 
general virucidal technique available. Although some 
viruses have been found to be more susceptible to  
inactivation by chlorine, others are typically more 
resistant to chlorine than are coliform bacteria. Standard 
analyses for bacteria cannot satisfactorily predict the 
presence of viruses, since viral bodies are significantly 
smaller than bacteria and their survival and growth rates 
differ widely within as well as between the two categories. 
No single indicator organism has found favor or primary 
use in the water chemistry profession to  identify or 

U. S. Enuironmental Protection Agency, Quality 
Criteria for Water, 1976 Ecological Research Series. 

indicate the presence of viruses. To a large degree, the 
sanitary engineering profession has relied upon the use 
of fecal coliform bacteria and other bacterial indicators 
as surrogates for the presence of human waste and poten- 
tial viral contamination. 

In addition to  a wide range of moderately hazardous 
or disabling diseases such as influenza or measles, viruses 
have also been shown to be responsible for such diseases 
as viral carditis, chicken pox, hemorrhagic fever, infec- 
tious and serum hepatitus, infectious mononucleosis, 
mumps, rabies, rubella, smallpox, and p~liomyelitis. '~ 
Accordingly, there is no single or generally recommended 
level of a single indicator virus for utilization in the 
analysis of the potential viral health hazards, and indeed 
little or no viral sampling is available for the natural 
waters of the lakes and streams of southeastern Wisconsin. 

Suspended Solids 
Soil erosion by wind, rain, or other mechanical means 
destroys the microstructure of the soil, removing organic, 
microbial, and inorganic particles which may range in size 
from very fine clay particles to  coarse sand particles. The 
size and density of the particles, as well as the natural 
chemical content, determine the pollution effects since 
the smaller particles present a larger proportion of sur- 
face area upon which nutrients and pesticides may be 
absorbed. The eroded soil particles may carry with them 
nitrogen, phosphorus, pesticides, heavy metals, oxygen- 
demanding substances, and pathogenic organisms. There- 
fore, eroded soil particles are important transport 
mechanisms by which pollutants may be moved into 
and through a stream system. Once they are within an 
aqueous environment, the soil particles may either be 
dissolved or suspended in the overland (sheet) flow of 
water to the nearest stream. The dissolved solids con- 
tribute to the hardness of natural waters. The dissolved 
and suspended solids both may adversely affect fish and 
aquatic life by reducing oxygen levels and by adding 
color and otherwise decreasing the water clarity, thereby 
interfering with natural feeding patterns. A decrease in 
clarity can be measured directly by the turbidity of the 
water, or can be inferred from the levels of total dissolved 
and suspended solids. 

The volatile or organic component of the suspended 
solids discharged from a sewage treatment plant may 
produce excessive oxygen demand on the receiving 
waters, thereby producing fishkills, odors, and gen- 
erally noxious conditions. Suspended solids in sewage 
treatment plant effluent and land surface washoff may 
result in excessive color and turbidity in the receiving 
stream and may be detrimental to  fish by causing abrasive 
injuries, obstructing respiratory passages, and covering 
and thereby damaging or destroying eggs in spawn- 
ing areas. 

l 2  Bella G. Liptak, ed., Environmental Engineers Hand- 
book. Volume 1. Water Pollution, Chilton Book Com- 
pany,' 1974, pp. 427-430. 



In streams, the suspended solids drop out of the stream- 
flow when the velocity of movement is reduced suf- 
ficiently and settle to the bed of the stream. This process, 
referred to as sedimentation, may impair the use of the 
watercourse by the physical displacement of water. 
Sediment may plug culverts and road ditches, cause 
localized flooding as the surface drainage patterns are 
changed, and interfere with commercial and recreational 
navigation. Deposited on the bed of a stream or lake, 
the particles create an aesthetic nuisance and may cover 
benthic organisms, thus shutting off the supplies of 
light and flowing water needed for life and making these 
organisms inaccessible as food sources for the other, more 
mobile creatures in the aquatic system. 

As sediment, the soil particles also function as a storage 
site for the chemical pollutants they carry with them. 
Nitrogen, phosphorus, pesticides, heavy metals, and some 
organic matter and pathogenic organisms may be present. 
Such pollutants may be released by desorption under 
various conditions not well understood at the present 
time. It is known that the phosphorus in the sediment 
is more readily released under anaerobic conditions, 
under which ferric iron may be changed to ferfous iron 
and form ferrous phosphate, which is highly soluble. 
Similarly, i t  is known that changes in the pH of water 
can affect the solubility of phosphorus compounds with 
calcium, magnesium, iron, and aluminum. Temperature 
is also thought to be an important variable in these 
processes. As noted below, nitrogen, phosphorus, pesti- 
cides, heavy metals, and organic substances all constitute 
water pollutants with their own attendant hazards and 
adverse effects. 

Federal recommendations relating to  the preservation 
of fish and other aquatic life seek to  limit the presence 
of suspended solids in natural waters to  levels which 
will not reduce by more than 10 percent the seasonal 
depth of the effective limits of photosynthetic activity. 
Localized concentrations of 80 mg/l of inert suspended 
solids have been shown to cause 60 percent density 
reductions in the populations of macroinvertebrates, 
while sediment accumulation as a result of any sig- 
nificant concentration in the overlying waters has been 
shown to cause a 60 percent reduction in benthic inverte- 
brate populations. 

DATA SOURCES 

The Commission has assembled the known information 
on the loading rates of the predominant pollutants 
associated with each of the various sources of pollution 
and has summarized the relative magnitude of the pollu- 
tion sources within each of the 12 major watersheds 
of the Region. The data utilized for the inventory of 
pollution sources were assembled from many informa- 
tional sources including: 

1. The special inventory of agricultural land manage- 
ment and cropping practices conducted within 
the Region by the Commission with the assistance 
of the local soil and water conservation districts 
and knowledgeable local residents of each civil 

town of the Region, as well as the U. S. Depart- 
ment of Agriculture, Soil Conservation Service 
and Agricultural Stabilization and Conservation 
Service, and the University of Wisconsin-Extension 
Service. This specialized inventory identified, in 
addition to  the types and locations of agricultural 
land management practices and cropping practices 
within each watershed, the locations, types, 
and numbers of all livestock herds in excess of 
25 head and the locations of the known sites of 
severe soil erosion. 

2. The Commission 1970 land use inventory and 
a specialized interpretation and inventory of the 
land cover characteristics of the 1975 land use 
delineations, including the identification of areas 
of new urban development and construction 
activity on lands under development. 

3. A specialized inventory of sanitary sewerage 
systems utilizing local mapping and building on 
the inventory of such systems by the Commission 
in 1972 under the regional sanitary sewerage 
system planning program and in 1964 under 
the initial regional planning efforts, as well as 
the facility plans prepared by local communi- 
ties under the provisions of Section 201 of the 
1972 Federal Water Pollution Control Act. 

4. A specialized inventory of storm water manage- 
ment systems utilizing local mapping and building 
on the inventory conducted by the Commission 
in 1964 of public utility systems under its initial 
planning efforts. 

5. Industrial discharge data from the regional 
sanitary sewerage system plan, the Wisconsin 
Administrative Code monitoring and surveil- 
lance program as established under Wisconsin 
Administrative Code Chapter NR 101, the Wis- 
consin Pollutant Discharge Elimination System 
records of the Department of Natural Resources, 
and data developed as part of the user chargel 
industrial cost recovery project under the Mil- 
waukee-Metropolitan Sewerage District facility 
planning effort. 

6. Annual public works reports of cities and villages. 

7. Specialized Commission inventories of urban land 
management practices and pollution sources, 
including salting, sanding, plowing and snow 
hauling, street sweeping, and landfilling. 

8. Specialized Commission inventories of other 
sources of diffuse pollution, including quarries, 
gravel pits, lake and stream dredging, channeliza- 
tion, and holding tanks and mound systems used 
for onsite sewage disposal. 

Given the information from the abovecited major inven- 
tories and the available data on pollutant loading rates 
as obtained from technical literature, a set of annual 



loading rates for the major pollution sources was identi- 
fied which was internally consistentas opposed to 
the widely ranging and sometimes inconsistent values 
reported in the technical literature--and judged sound in 
their depiction of the relative water quality effects of 
various human activities occurring within the Region. 
In the selection of loading rates, information was 
accumulated from the SEWRPC Technical R e ~ o r t  No. 18. 
State of the Art of Water Pollution ~ o n t r o i  for south: 
eastern Wisconsin, as well as from technical literature 
and special local studies. The latter included the results 
of studies conducted under the Washington County 
Sediment and Erosion Control Project and the Inter- 

Table 65 

national Joint Commission Pilot Study of the Menomonee 
River watershed, and fields studies conducted by the 
Wisconsin Department of Natural Resources. The selec- 
tion of these channel loading rates is discussed in 
SEWRPC Technical Report No. 21, Sources of Water 
Pollution in Southeastern Wisconsin: 1975. 

This chapter sets forth estimates of the pollutant channel 
loads from the various pollution sources as a basis for 
the development of an effective areawide water quality 
management plan which concentrates initial control 
measures on the most severe pollution sources. Table 65 

SUMMARY OF REPORTED POLLUTANT LOADING RATES FROM DIFFUSE SOURCES 

The single numbers shown represent the chosen channel loading rate taken as representative of the average rate of pollutant loading into a drainageway, even 
though the drainage channel may flow intermittently-only during storm event or snowmelt conditions-and all of the pollutant may not be transported down- 
stream to the discharge point of a watershed. 

Category o f  Diffuse 
Pollution Sources 

Urban 
Residential Land Use . . . . . . . . . . .  

Commercial Land Use. . . . . . . . . . .  

Industrial Land Use . . . . . . . . . . . .  

Construction Activities . . . . . . . . . .  

Extractive Activities. . . . . . . . . . . .  

Transportation- 
Freeways and Highways. . . . . . . . .  

Airports-Mitchell Field . . . . . . . . .  
-Other . . . . . . . . . . . . . .  

Recreation-Parks . . . . . . . . . . . . .  

Recreation-Golf Courses. . . . . . . . .  

Onsite Sewage Disposal Systems 
(load per capita per year) . . . . . . . .  

Rural 
Livestock Operations 

(load per animal uni t  per year). . . . .  
Orchards . . . . . . . . . . . . . . . . . .  

Pastures. . . . . . . . . . . . . . . . . . .  

Woodlands . . . . . . . . . . . . . . . . .  

A i r  Pollution t o  Surface Waters . . . . .  

Croplands. . . . . . . . . . . . . . . . . .  

General Agricultural Land . . . . . . . .  

Source: SEWRPC. 

Rate o f  Pollution ~ o a d i n g ~  

Total 
Nitrogen 

4.0 
(1.9-1 1.5) 

9.0 
(9.0-77.4) 

8.4 
(8.4-76.4) 

60.0 
(60-1 50) 

60.0 
(60-1 50) 

23.4 
13.5 
12.0 
2.3 

(2.3-26.1 ) 
4.4 

(4.4-26.1 ) 

1.4-5.7 

28.4 
2.3 

(0.7-9.1 ) 
4.6 

(1 .O-7.6) 
2.3 

(0.7-9.1) 
8.9 

(4.4-39.4) 
0.9-23.1 

(0.03-23.1) 

given in counts per acre 

Membrane 
Filter Fecal 

Coliform Counts 

1.6 x 10'' 

3.3 x 10"O 

6.2 x 10'' 

Negligible 

Negligible 

6.7 x 10'' 
Negligible 
Negligible 
3.6 lo9 

Negligible 

2.5 x lo lo  
-1.ox 1011 

6 . 4 ~  10'' 
6.6 x lo8 

Included in 
Livestock Load 

6.6 x lo8 

Negligible 

Included i n  
Livestock Load 

Included i n  
Livestock Load 

per year) 

Sediment 

545 
(356-7.360) 

745 

977 

150,000 
(3.000-380.000) 

150,000 
(3.000-380,000) 

42,600 
2.900 
3,200 
420 

(420-750) 
420 

(420-750) 

7-28 

700 
251 

(45-389) 
420 

(1 2-828) 
25 1 

(45-3891 
665 

(614-1.500) 
700-1 0.000 

(680-51.400) 

(given in pounds per acre 

Total 
Phosphorus 

0.32 
(0.32-7.3) 

0.75 
(0.75-4.1 ) 

0.70 
(0.82-9.4) 

45.0 
(45-1 20) 

45.0 
(45-1 201 

1.4 
2.6 
2.7 
0.06 

(0.06-1.53) 
0.20 

(0.20-1.531 

2.33-1.32 

6.6 
0.14 

(0.01-0.80) 
0.29 

(0.22-0.57) 
0.14 

(0.01-0.80) 
0.5 

(0.045-1.60) 
0.09-0.64 

(0.09-2.59) 

per year except for MFFCC 

Biochemical 
Oxygen Demand 

24.3 
(1 0.2-95.9) 

97.6 
(16-168) 

36.9 
(16-188) 

120.0 
(1 20-4.500) 

120.0 
(1 20-4.500) 

159.0 
73.0 
17.6 
1.3 

1.3 

20.4-81.6 

111.2 
4.6 

(3.6-6.3) 
9.7 

(5.4-1 5.4) 
4.6 

(3.6-6.3) 
162.0 

(1 53-1 62) 
2.1-30.0 

(Not Available) 



summarizes the pollutant loading rates utilized in order 
to estimate the average loadings from the nonpoint 
sources. A discussion of the means used to  develop 
these loading rates is set forth in SEWRPC Technical 
Report No. 21. It should be noted, however, that the 
general loading rates utilized in the development of the 
data presented in this chapter have been further refined 
under the water quality simulation modeling, reported 
in Volume Two, Chapter IV of this report, through the 
incorporation in the modeling of the specific meteoro- 
logical conditions within a given watershed or portion 
of a watershed as depicted by: the long-term weather 
records at 17 in-Region and 13 out-of-Region weather 
bureau stations; soil types and slopes; size and configu- 
ration of the tributary drainage areas; size and configu- 
ration of the drainage network itself; channel, floodplain 
slopes, and other hydraulic characteristics of the stream 
networks; and most importantly, in-stream water quality 
measurements as determined by sampling during both 
dry weather, low-flow conditions, and wet weather or 
storm-related conditions. Such in-stream measurements 
were taken at 87 Commission sites within the Region 
during the period from 1964 through 1975; at  an addi- 
tional 36 special sampling stations operated during 1976 
for the explicit purpose of calibrating the water quality 
simulation model; and at 198 water quality sampling 
stations on 13 major lakes and influent streams thereto 
monitored as part of the Commission inland lake water 
quality studies. The inland lakes selected for study were 
carefully chosen with regard to  their size, depth, tributary 
land uses, trophic status, and hydrologic characteristics to  
provide a full cross-section of the different types of lakes 
within the Region and to  thus support extension of the 
lake water quality analyses to the remaining major lakes 
in the Region. 

DES PLAINES RIVER WATERSHED 

The Des Plaines River watershed within southeastern 
Wisconsin is a natural surface water drainage area, 
134.0 square miles in areal extent located in the south- 
eastern portion of the Region. The boundaries of the 
basin, together with the locations of the main channels 
of the Des Plaines River and its principal tributaries, are 
shown on Map 41, along with the locations of the known 
point sources of pollution and the generalized land uses 
as of 1975. The main stem of the Des Plaines River rises 
south of Union Grove near the Racine-Kenosha County 
line and flows in a general southeasterly course for 
20.7 river miles, leaving the State about 1.5 miles east 
of Interstate Highway 94. About 93 percent of the 
total area of the watershed is still in rural land uses, 
with about 77 percent of this rural area in agricultural 
use. Most of the urban-related land use is located in 
the western portions of the watershed around Lakes 
Paddock, George, Hooker, Montgomery, and Benet/ 
Shangrila, and within the corporate limits of Union Grove 
and Kenosha. Table 66 sets forth the extent and pro- 
portion of the major land cover categories within the 
watershed as they relate to water quality conditions 
in 1975. 

The soils within the Des Plaines River watershed consist 
of deep to  moderately deep silt loams. Most of the soils 
are relatively fertile and produce high crop yields if 
managed correctly. Sediment discharges from these soils 
may result in high levels of nutrients in stream waters. 

Particularly important to comprehensive water quality 
management planning are the soil suitability interpreta- 
tions for specified types of urban development. Based 
upon the interpretations of the soil properties, about 
35 percent of the watershed is covered by soils that have 
severe or very severe limitations for residential develop- 
ment with public sanitary sewer services as shown on 
Map 42; virtually the entire watershed, or about 98 per- 
cent, is covered by soils that have severe or very severe 
limitations for small lot (less than one acre in size) 
residential development without public sanitary sewer, 
as shown on Map 43; and about 58 percent of the water- 
shed is covered by soils that have severe or very severe 
limitations for large lot (one acre or larger in size) 
residential development, as shown on Map 44. 

Municipal and Private Sewage Treatment Facilities 
In 1975, a total of seven sanitary sewerage systems or 
portions thereof served a total area of about 9.96 square 
miles within the watershed, or about 7 percent of the 
total area of the watershed, and a total population of 
about 6,300 persons, or approximately 40 percent of 
the total resident population of the watershed. 

Five municipally owned sewage treatment plants are 
located in the Des Plaines River watershed. The two 
plants which serve the Town of Pleasant Prairie Utility 
District "D" and the Town of Pleasant Prairie Sanitary 
District No. 73-1 discharge treated effluents directly to 
the main stem of the Des Plaines River; the two plants 
which serve the Village of Paddock Lake and the Town 
of Salem discharge indirectly to  Brighton Creek, and 
directly to  the Salem Br,mch of Brighton Creek, respec- 
tively; and the plant which serves the Town of Bristol 
discharges treated effluent directly to a tributary of the 
Des Plaines River. Selected information for these munici- 
pal sewage treatment plants is set forth in Table 67, 
and the plant locations are shown on Map 41. In addi- 
tion to the publicly owned sewage treatment facilities, 
eight private wastewater treatment facilities exist in the 
Des Plaines River watershed owned and operated by: 
Fonk's Mobile Home Park No. 2 in Racine County; and 
Brightondale County Park, George Connolly Develop- 
ment, Howard Johnson Motor Lodge, Kenosha Packing 
Company, Meeter Brothers Company, Wisconsin Tourist 
Information Center, and Paramski Mobile Home Park 
in Kenosha County. Selected data on these eight privately 
owned wastewater treatment facilities are presented in 
Table 68 and the locations of these facilities are shown 
on Map 41. Of the five publicly and eight privately 
operated sewage treatment facilities, one facility dis- 
charges effluent directly to the main stem of the Des 
Plaines River, one discharges indirectly to the main stem 
of the Des Plaines River, six to  unnamed tributaries of 
the Des Plaines River, and one to Mud Lake. Of the 



THE LOCATION, BOUNDARIES, MAJOR STREAMS, AND LAKES OF THE DES PLAINES RIVER WATERSHED- 
SHOWING POINT SOURCES OF POLLUTION AND GENERALIZED LAND USES: 1975 

L E G E N D  

SUBURBAN AND LOW 
DENSITY RESIDENTIAL 
(0 .2 -2 .2  DWELLING UNITS 
PER NET RESIDENTIAL 
ACRE) - VEDIUM DENSITY RESIDEN- - , I A L  (2.3-6.9 DWELLING 
UNITS PER NET RESIDEN- 
TIAL ACRE) 

NONE HIGH DENSITY RESIDENTIAL 
(7.0-17.9 DWELLING UNITS 
PER NET RESIDENTIAL ACRE) 

PRIMARY ENVIRONMENTAL 
CORRIDOR PRESERVATION 
THROUGH PUBLIC AOUISITION 

NONE MAJOR RETAIL AND SERVICE 
CENTER 

NONE MAJOR INDUSTRIAL CENTER 

NONE PUBLIC AIRPORT 

MAJOR PUBLIC OUTDOOR A RECREATION CENTER 

POINT SOURCES OF POLLUTION 

PUBLIC SEWAGE TREATMENT * FACILITY 

+ PRIVATE SEWAGE TREATMENT 
FACILITY 

p KNOWN POINT SOURCE OF 
WASTEWATER OTHER THAN 
SEWAGE TREATMENT PLANT 
OR FLOW RELIEF DEVICES 

KNOWN FLOW RELIEF DEVICES . COMBINED SEWER OUTFALL 

0 BYPASS 

CROSSOVER 

a PORTABLE REUEF PUMPIN 
STATION 

A RELIEF PUMPING STATlMU 

The Der Plains3 River watershed is about 134 square miles in areal extent, or about 5 percent of the total area of the Region. The water quality i n  the waternhed is 
effected by the various land uses as well ar by the five public wastewater treatment plants, eight private wastewater treatment plants. three flow relief devieea, and 
six other point sourcas of wastewater as shown. 

Source: SEWRPC. 

remaining four facilities, one d ischarges  indirectly to directly to the main s t e m  of the Des P l a i n e s  River and 
Brighton Creek, one d ischarges  to the Salem Branch of one d ischarges  directly to Brighton Creek. 
Briehton Creek. and two ut i l ize soil a b s o r u t i o n  svstems. - - -~ - - -  - - ~ ~ - -  . ~ ~ 

Other Known Point Sources 
Sanitary Sewerage System Flow Relief Points A total of six other known point sources of poUution 
In 1975, there were three known sanitary sewer flow were identified in the watershed in 1975. T h e s e  other 
relief devices in the watershed, as listed in Table 69 and point sources consisted primarily of s i x  outfalls through 
shown on Map 41. All three were sanitary sewerage which industrial cooling, process, rinse, wash waters, 
system bypasses. Of the three devices, two discharge and fdter backwash waters were discharged directly or 



Table 66 
AREAL EXTENT OF THE WATER QUALITY-RELATED LAND 

COVER I N  THE DES PLAINES RIVER WATERSHED: 1975 

a These special land cover categories, defined primarily according to their 
imperviousness and vegetative cover characteristics and effects on the 
quality o f  storm water runoff, were delineated at a scale o f  1" = 400' on 
aerial photographs taken in May 1975 and were measured to  the nearest 
full acre, using dot-counting overlays. The total acreages measured within 
hydrologic subbasins were then adjusted to  the control totals measured by 
digitizer from base maps of hydrologic subbasins at a scale o f  1"= 2000'. 
Both the "square mi1es"and the 'percent"shown above were then com- 
puted and rounded t o  the nearest hundredth 10.011 of a percent. 

Land covera 

Urban 
Residential . . . . . . . . . . . . . . . .  

b 
Commercial . . . . . . . . . . . . . . .  
Industrial 

Manufacturing . . . . . . . . . . . . .  
Landfills and Dumps . . . . . . . . .  

Extractive . . . . . . . . . . . . . . . . .  
Transportation 

Streets and Highways. . . . . . . . .  
Airfields . . . . . . . . . . . . . . . .  
Railroad Yards and Terminals. 

Recreation 
GolfCourses . . . . . . . . . . . . . .  
Parks and Other Recreation . . . . .  

Land Under Development 
flesidentialC . . . . . . . . . . . . . .  
Commercial . . . . . . . . . . . . . .  
Industrial . . . . . . . . . . . . . . . .  
Transportation . . . . . . . . . . . .  
Recreation . . . . . . . . . . . . . . .  

Rural 
Agricultural 

Srnall Grains. . . . . . . . . . . . . .  
Hay . . . . . . . . . . . . . . . . . . .  
Row Crops. . . . . . . . . . . . . . .  
Specialty Crops . . . . . . . . . . . .  
Sod Farm . . . . . . . . . . . . . . .  
Other Open Spaced . . . . . . . . . .  

Silvicultural 
Woodlands. . . . . . . . . . . . . . .  
Orchards and Nurseries. . . . . . . .  

Natural and Man-Made Water Areas- 
Subject t o  Atmospheric 
Pollutant Contributions 
Ponds, Lakes, and Streams. . . . . .  
Wetlands, Swamps, and Marshes. . .  

Total 

Includes: retail, communication, utilities, administrative, and institutional 
land uses. 

Based on 1975 total residential lands, adjusted by the 1970 ratio between 
residential lands and residential lands under development. 

Includes: pasture, unused urban and rural lands. 

Percent 

3.66 
0.45 

0.17 
0.17 
0.20 

0.93 
0.06 
--  

0.43 
0.31 

0.90 
. . 
0.10 
--  
- -  

5.19 
7.90 

52.63 
1.21 
0.03 

10.48 

5.39 
0.14 

1.33 
8.32 

100.00 

Square 
Miles 

4.84 
0.59 

0.22 
0.22 
0.27 

1.23 
0.07 

. . . . .  

0.57 
0.41 

1.19 
--  
0.14 

.- 

6.87 
10.45 
69.60 

1.60 
0.03 

13.85 

7.13 
0.1 8 

1.76 
11 .OO 

132.22 

The total area of the Des Plaines River watershed represented in this table 
is different than the total area o f  the Des Plaines River watershed identified 
in the text and on Map 41. This is due to the fact that the area set forth 
on Map 41 includes only that portion o f  the Des Plaines River watershed 
lying within the civil boundaries that comprise the Southeastern Wisconsin 
Region. The area o f  the Des Plaines River watershed represented in  this 
table represents an aggregation o f  subbasins, the boundaries of which do 
not always coincide with the civil boundaries of the Region. 

Acres 

3,096 
380 

143 
143 
170 

787 
45 

367 
261 

764 

88 

.- 

4.396 
6,689 

44,543 
1,026 

22 
8,864 

4,560 
115 

1,127 
7,041 

84,627 

Source: U. S. Department of Agriculture, Soil Conservation Service and 
Agricultural Stabilization and Conservation Service; County Soil 
and Water Conservation Districty University o f  Wisconsin-Extension 
Service; and SEWRPC. 

indirectly to  the surface water system. Of these, three 
were identified as discharging only cooling water. The 
remaining three were discharging other types of waste- 
waters. Industrial wastewater enters the Des Plaines 
River and its major tributaries directly through industrial 
waste outfalls or indirectly through drainage ditches and 
storm sewers. Table 70 summarizes by receiving stream 
and civil division the characteristics of these other point 
sources and Map 41 shows their locations. Two of these 
other point source outfalls discharge to  an unnamed tribu- 
tary of the Des Plaines River main stem via storm sewers, 
three industrial outfalls discharge to unnamed tributaries 
of the Des Plaines River, and one point source outfall dis- 
charges to an unnamed tributary of Salem Branch Creek. 

Privately Owned Onsite Sanitary Wastewater Treatment 
In addition to  being. ~rovided through centralized sani- - + - 
tary sewerage service within the watershed, sanitary 
wastewater treatment and disposal is provided through 
approximately 2,716 privately owned onsite sewage dis- 
posal systems consisting of 2,697 septic tanks, 12  holding 
tanks, and 7 mound systems. These systems serve a total 
resident population of about 9,500 persons, or 60 per- 
cent of the total resident population of the watershed. 
Of this total, about 2,000 persons, or about 21 percent, 
resided in concentrated areas of urban development 
having at least 32 housing units in a U. S. Public Land 
Survey quarter section. These scattered quarter sections 
of urban land use concentration totaled about 2.3 square 
miles of urban land use, or slightly less than 2 percent 
of the total area of the watershed. 

Urban Storm Water Management Systems 
As noted in Table 66, land cover categories associated 
with urban land uses as of 1975 comprised about 
6,200 acres, or about 7 percent of the Des Plaines River 
watershed. The most important urban land cover cate- 
gory was residential land, with about 4 percent. 

There is one known urban storm water drainage system 
that provided service to the subareas of the Des Plaines 
River watershed within the Region in 1975-the system 
operated by the Village of Union Grove. This storm water 
drainage system has a tributary drainage area of about 
0.3 square mile, or about 0.2 percent of the total area 
of the watershed. Included within this storm water 
drainage area are a total of two known storm water 
outfalls which are 24 inches and 36 inches in diameter. 
The total annual average discharge from these outfalls 
is estimated to be about 62 million gallons per year 
occurring on the average in 65 events. There were no 
known storm water pumping facilities or storm water 
storage facilities in the watershed. 

Rural Storm Water Runoff 
About 78,400 acres, or about 93 percent of the total area 
of the watershed, are devoted to  rural land use activities. 
The most important rural land cover categories were row 
crops with 53 percent, hay with 8 percent, other open 
space with 10 percent, small grains with 5 percent, wood- 
lands with 5 percent, and wetlands, swamps, and marshes 
with 8 percent of the watershed. As of May 1975, there 
were an estimated 133 domestic livestock operations- 
operations of 25 or more equivalent animal units--having 
a total of 12,340 equivalent animal units within the 
watershed. Of the 133 operations, 35, or 26 percent, 



Map 42 

SUITABILITY OF SOILS FOR RESIDENTIAL DEVELOPMENT WITH PUBLIC 
SANITARY SEWER SERVICE IN THE DES PLAlNES RIVER WATERSHED 

LEGEND 

AT1EAS COVERED BY SOlLS HaUIVINB 
SEYERE OR VERY SEVERE 
LIMIThTIONS FOR RESIDENTIAL 
DEVELOPMENT WITH PUBLIC 
SANITARY SEWER SERVICE 

Of particular imponance in camprehenrive water gusliw planning i r  the recognition of the limitations inherent in the soil resource base. About 35 parcsnt of 
the area of the Deo Plainss River waterrhed is cavered with soils which are pmr ly  ~ u i t e d  for residential development with public ~anitary rewsr service or, more 
pre~iselv, residential development of any kind. There roils, which Include wet soils having a high wafer table or poor drainage, organic roils which a n  pmr l y  drained 
and provide poor foundation $uppart, and soils which have a flood hazard, are especially prevalent i n  the riverine areas of the watershed. 

Source: U. S. Soil &nssmtion Service and SEWRPC 

were located within 500 feet of the surface water system 
of the watershed. 

Pollution Loadings 
A summary of the estimated average annual pollution 
loadings the Des Plaines River watershed is presented 
in Table 71 and depicted in Figure 30. Urban sources of 
pollution are estimated to contribute 11 percent of the 

nitrogen, 38 percent of the phosphorus, 30 percent of the 
biochemical oxygen demand, 12  percent of the fecal 
coliform, and 33 percent of the sediment which occur as 
water pollutants to the Des Plaines River watershed. Of 
the urban contribution, point sources of pollution are 
estimated to contribute 11 percent of the nitrogen, 
1 3  percent of the phosphorus, 2 percent of the bio- 
chemical oxygen demand, 1 percent of the fecal colifonn, 



Map 43 

SUITABILITY OF SOILS FOR SMALL LOT RESIDENTIAL DEVELOPMENT WITHOUT 
PUBLIC SANITARY SEWER SERVICE IN THE DES PLAINES RIVER WATERSHED 

LEGEND 

AREAS COVERED BY SOIL5 HAVINB 
SEVERE OR VERY SEVERE 
LIMITATIONS FOR RESIDENTIAL 
DEVELOPMENT WITH JEPTlC TANK 
SEWAGE DISPOSAL ON LOTS LESS 
THAN ONE ACRE IN 511E 

Approximately 98 percent of the area of the Dsr Plainsr River watershed is covered by  soils poorly suited for residential develmment on lot$ having an area mal ler  
than one acre and not rervad by public sanitary sewerage facilities. Reliance an r e ~ i c  tank sewage dirpossl rynemr in there are-, which are covered by relatively 
imoerviour soils or are subieet t o  Eesrcnallv hloh water tables. can only result in eventual malfunctioning of such WrtemE and the conssquent intensification of . - 
water pollution and public health problems i n  the wsmrrhed 

Source: U. S. Soil Conrervatim Setvim and SEWRPC. 

and almost no sediment. Diffuse sourcesincluding the Of the total pollutant loads, rural pollution sources are 
estimated septic tank and construction-related contribu- estimated to contribute the remaining 89 percent of the 
tions in the drainage areaaccount for the remaining nitrogen, 62 percent of the phosphorus, 70 percent of the 
89 percent of tile nitrogen, 87 percent of the phosphorus, biochemical oxygen demand, 88 percent of the fecal 
98 percent of the biochemical oxygen demand, 99 percent coliform, and 67 percent of the sediment which occur as  
of the fecal colifonn, and almost all of the sediment water pollutants in the watershed. Livestock feeding 
contributed from urban sources. operations-inclusive of the disposal of manure on 



Map 44 

SUITABILITY OF SOILS FOR LARGE LOT RESIDENTIAL DEVELOPMENT WITHOUT 
PUBLIC SANITARY SEWER SERVICE IN THE DES PLAINES RIVER WATERSHED 

LEGEND 

4 R E m  COWRED BY SOlLS HIVING 
SEVERE OR VERY SEVERE 
LIMITATONS FOR RESIDENTIAL 
DEVELOPMENT WITH SEPTIC TANK 
SEWAOE DISPOSAL ON LOTS ONE 
ACRE OR MORE IN SIZE 

Approximatelv 58 percent of the area of the Oer Plainer River watershed is covered by noila poorly suited for residential development on lot$ having an area of one 
acre or more and not  served by Public sanitary rewarage facilities. The inherent limitations of these soils for osptic tank sewage d iwwa l  syrfems cannot be overcome 
rimpry by ths ~ rov i s ion  of lamer lots, and the use of such ryrrsms on thesesoils, which csnnoi absorb the ~ewags effluent, uliimstsly results in surface ponding and 
runoff of partially treated waster into nearby watercourses. 

Source: U. S. &;I Con~rvation Service and SEWRPC. 

croplandsare estimated to contribute 24 percent of the phosphorus, 50 percent of the biochemical oxygen 
nitrogen, 71 percent of the phosphorus, 50 percent of the demand, and 98 percent of the sediment, is contributed 
biochemical oxygen demand, 100 percent of the fecal by other rural diffuse sources, namely storm water 
coliform, and 2 percent of the sediment from rural runoff from rural land uses and atmospheric loadings 
sources. The remainder of the estimated rural pollution to surface waters. 
load, or 76 percent of the nitrogen, 29 percent of the 



Table 67 

SELECTED CHARACTERISTICS OF MUNICIPAL SEWAGE TREATMENT PLANTS IN THE DES PLAINES RIVER WATERSHED: 1975 

a Auni1,ary waste treatment for dis,nfectron ,sProvidedarall municipalsewage treatment plants. 

Name 

Paddock Lake 

Town of B i ~ r t a l  
Ut>l i ty D i r t r~c t  NO 1 

Town of Pleasant 

Prair~e Sewer 
Utl l l tv  D#r r r~c t  "0" 

Town of Saiem 

Sewer U t ~ i i t y  

Dtstrict NO. 1 

Town of Pleasant 

Pralrie Santtary 

Dlstrict No. 73-1 

The population design capaotv for a gwen rewage treatment faci1,tv war obtained direcdy from engtneenng reports prepared b y  or for the local un i t  ofgovernment operatmg the facility and reflects assumptions 
made b y  the deagn engineer The population equivalent design capacity was estimated b y  the Cammirrion staff b y  dividing the design BOD load!ng!n poondsper day, asset forth i n  the engineerrngreporrs. b y  

an estimated per captta cantributmn of 0.21 pound o f  BOD5per day. I f  the de~ ign  engineer assumed a different daily per cap,ta contr!but,c$ o f  BODy the population equivalent des/gn capacitv will dtffer from 

the populanon design capacity shown ,n the table. 

Source: SEWRPC, 

Total 

Area 
Served 

lrquare miles) 

0 79 

0.72 

0 68 

0.37 

0.09 

Table 68 

SELECTED CHARACTERISTICS OF PRIVATELY OWNED WASTEWATER 
TREATMENT FACILITIES IN THE DES PLAINES RIVER WATERSHED: 1975 

Estimated 

Total 
Population 

Served 

1.900 

800 

1,000 

1.000 

100 

NOTE: N/A indicates data n o t  available. 

Date of 

Conrtiuctlon 
and Major 

Modification 

1958,1967 

1965. 1971 

1966 

1970 

1975 

Name 

Brightondale 
County Park 

George Connolly 
Development 

Howard Johnson 
Motor Lodge 
and Restaurant 

Kenosha Packing 
Company 

Meeter Brothers 
Company 

Paramski Mobile 
Home Park 

Wisconsin Department 
of Transportation 
Tourist Information 
Center 

Fonk's Mobile Home 
Park No. 2 

a Unless specifically noted otherwise, data were obtained, i n  order o f  priority, from: quarterly reports f i led wi th the Wisconsin Department of  Natural Resources under the 
Wisconsin Pollutant Discharge Elimination System or  under Section 101 o f  the Wisconsin Administrative Code o r  from the Wisconsin Pollutant Discharge Elimination 
System permit  itself. In some cases when 12 months o f  f low data were n o t  reported, the average annual and maximum monthly hydraulic discharge rates were esrimated 
from the available monthly discharge data o r  from the f low data as reported i n  the permit. 

Data obtained f rom a Department of  Natural Resources compliance monitoring survey conducted on October 29 and  30, 1975. 

Civil 
Division 
Location 

Town o f  
Brighton 

Town of 
Pleasant Prairie 

Town o f  
Bristol 

Town o f  
Paris 

Town o f  
Dover 

Town o f  
Bristol 

Town of 
Pleasant Prairie 

Town of 
Dover 

Source: Wisconsin Department o f  Natural Resources and  SEWRPC. 

Emsting Load 

Average 
Average Per 
Hydraulic Capita 

lrngdl lgpd) 

0 1 7  89 

0.07 8 1  

0 1 0  102 

0 0 8  80 

0.03 300 

Type 
of 

~ r e a t m e n t ~  

Activated 
Sludge 

Activated 
Sludge 

Activated 

Sludge 

Activated 

Sludge 

Act~vatsd 

Sludge 

Filter 

Type of 
Land Use 
Served 

Recreational 

Residential 

Commercial 

Industrial 

Industrial 

Residential 

Governmental 

Residential 

Level of 

Treatment 
provideda 

Secondary 

Secondary 

Secondary 

Secondary 

Secondary 

Type of 
Wastewater 

Sanitary 

Sanitary 

Sanitary 

Process 
Cooling, 
and 
Sanitary 

Process 
and 
Cooling 

Sanitary 

Sanitary 

Sanitary 

D~sporal 
of 

Effluent 

Marsh Drained by 

Srlghton Creek 

Tributary of 

Der Plainer River 

Der Plainer R~ver  

Salem Branch of 

Brlghton Creek 

Der Pla~ner Rwer 

via Dra~nage Ditch 

Design Capaclty 

Type of 
Treatment 
Provided 

Activated Sludge 
and Lagoon 

Extended Aeration 
and Sand Filter 

Activated Sludge 
and Lagoon 

Ridge and Furrow 

Lagoon 

Extended Aerat~on 
and Lagoon 

Septic Tank. 
Sand Filter, 
and Lagoon 

Extended Aeration 
and Lagoon 

Reported Average 
Annual Hydraulic 

Discharge Rate 
(gallons per day)a 

9,700 
(May through 
September) 

N / A  

49,000 

23,200 

66,500 

11,500 

4,500 

3,500~ 

Disposal 
of Effluent 

Soil Absorption 

Tributary o f  the 
Des Plaines River 

Des Plaines River 

Soil Absorption 

Tributary o f  the 
Des Plaines River 
via Storm Sewer 

Marsh Tributary 
t o  Mud Lake 

Tributary o f  the 
Des Plaines River 

Tributary of the 
Des Plaines River 

~ o p u l a t l o n ~  
~ - ~ ~ ~ ~ ~ ~ - - - -  

3.200 

1,600 

1,200 

3,000 

4,000 

Average 

Hydraulic 

lrngdl 

0 32 

0.16 

0 13 

0.30 

0.40 

Average 
Hydraulic 

Design Capacity 
.(gallons per day) 

10.000 

34,000 

18,300 

N /A 

N /A  

40,000 

9,250 

15 ,000~ 

~ o p u l a t i o n ~  
Equivalent 

2,600 

1.290 

1,000 

2.430 

3.800 

Peak 
Hydraulic 

lrngd) 

0 64 

0 27 

0.25 

0.60 

0.80 

Reported Maximum 
Monthly Hydraulic 

Discharge Rate 
(gallons per day)a 

N I A  

N /A 

77,000 

23,700 

71,200 

N /A 

5.800 

N/A  

Average 
Organic 

lpoundrof  
BOD5 per day) 

544 

270 

213 

510 

800 



Table 69 

KNOWN SANITARY SEWERAGE SYSTEM FLOW RELIEF DEVICES I N  THE DES PLAINES 
RIVER WATERSHED BY RECEIVING STREAM AND CIVIL DIVISION: 1975 

Source: SEWRPC. 

Table 70 

Total 

1 

1 
1 

3 

Receiving 
Stream 

Brighton Creek 

Des Plaines River 

CHARACTERISTICS OF OTHER KNOWN POINT SOURCES OF 
WATER POLLUTION I N  THE DES PLAINES RIVER WATERSHED: 1975 

Civil 
Division 

Village of Paddock Lake. . . 

Town of Bristol. . . . . . . . . 
Town of Pleasant Prairie. . . 

NOTE: N/A indicates data n o t  available. 

Total 

a Unless s~eci f ica l ly  noted otherwise, data were obtained, i n  order o f  priority, from: quarterly reports filed with the Wisconsin Department o f  Natural Resources under the 
Wi~consin Pollutant Discharge Elimination System o r  under Section 101 o f  the Wisconsin Administrative Code o r  from the Wisconsin Pollutant Discharge Elimination 
System permit  itself. I n  some cases when 72 months o f  f/ow data were n o t  reported, the average annual a n d  maximum month ly  hydraulic discharge rates were estimated 
from the available monthly discharge data o r  from the f low data as reported i n  the permit. 

Other Flow Relief Devices 

Reported Maximum 
Monthly Hydraulic 

Discharge Rate 
(gallons per dayia 

105,300 

Intermittent 

86.000 

1,300 

214,500 

173,000 

Source: Wisconsin Department of  Natural Resources and  SEWRPC. 

Combined 
Sewer 

Outfalls 

0 

0 
0 

0 

Receiving 
Water 
Body 

Tributary of the 
Des Plaines River 

Tributary of 
Salem Branch Creek 

Tributary of the 
Des Plaines River 

Tributary of the 
Des Plaines River 
via Storm Sewer 

Tributary of the 
Des Plaines River 
via Storm Sewer 

Tributary of  the 
Des Plaines River 
via Storm Sewer 

Outfall 
Number 

1 

1 

1 

1 

1 

1 

Name 

KENOSHA COUNTY 
Ladish Company- 
Tri-Clover Division 

Town of Bristol 
Water Ut i l i ty  

RACINE COUNTY 
Bardon Rubber Products 

Company, lnc. 
Culligan Water 

Conditioning Company 

Plastic Parts, Inc. 

Wisconsin Rubber 
Products Company 

Bypasses 

1 

1 
1 

3 

Reported Average 
Annual Hydraulic 

Discharge Rate 
(gallons per day)a 

94,800 

Intermittent 

64,700 

1 ,I 00 

192,000 

130,000 

Standard 
Industrial 

Classification 
Code 

3551 

4952 

3069 

7399 

3079 

3069 

Relief 
Pumping 
Stations 

0 

0 
0 

0 

Civil 
Division 
Location 

Town o f  
Pleasant Prairie 

Town o f  
Bristol 

Village o f  
Union Grove 

Village of 
Union Grove 

Village of 
Union Grove 

Village o f  
Union Grove 

Portable 
Pumping 
Stations 

0 

0 
0 

0 

Crossovers 

0 

0 
0 

0 

Type of 
Wastewater 

Process and 
Cooling 

Filter 
Backwash 

Cooling 

Filter 
Backwash 

Cooling 

Cooling 

Known 
Treatment 

Neutralization 
Filtration 
and Lagoon 

N / A  

N / A  

N / A  

N/A  

N I A  



SUMMARY OF ESTIMATED AVERAGE ANNUAL POLLUTANT LOADINGS IN THE DES PLAINES RIVER WATERSHED: 1975 

I source 

~ o s d r ~  

Aueraw Year 

~oadr' 

Averace Year 

Total Estlmsted 
Loading ~ x t s n t ~  source 

Urban Diffuse Source Total3 

Parameter 

Total Phasphorur 
Blochemlcal oxygen Demand 
Fecal Col8form 
Ssdlmenf 

5 Total Nitrogen 
5 Total Phorphorur 
5 Biochemical Oxygen Demand 
5 Fecal Coliform 
5 Sed~ment 

6 Total Nrtrogen 

6 Total Phmphorus 
6 Blochem8cal Oxygen Demand 

6 Fecal Coliform 
6 Sedlmenf 

0 Toral Nitrogen 
0 Total P~MP~O'YI 
0 Biochemical Oxygen Demand 
0 Fecal Col8torm 
0 Sediment 

Total Estimated 
Loading 

155,050.0 
61,370.0 

1,150.320.0 
10,969,766 0 

94.875.0 

Percent 

Urban Point Sourcer 

Mun#clPai Sewaga Treatment Plants 

Prlvafe Sewage Treatment Plants . . 

Combtned Sewer Overflow . . 

Urban Source Totals Total Nitrogen 
Total Pharphorur 
Btochem#cal Oxygen Demsnd 
Fecal Collform 

12340 Tofal Nttrogen 
12340 Total Phmphorur 
12340 Emchemlcal Oxygen Demand 
12340 Fecal Collfarm 
12340 Sedlmenf 

lndurfriai Dlrcharger . . 

Sanltatv Sewer Flow Relief Oev8cer 

6 Total Nltropen 

6 Total ~horphoru. 
6 B~ochem~osl Oxygen Demand 
6 Fecal Cal~form 
6 Sedtmenf 

cropland. Parrure, and unused 
Rural Land 65540 Total Nlfrogen 

65540 Total Phorphorur 
65540 Blochemica1 Oxygen Demand 
65540 Fecal Collform 
65540 Sed8mmI 

Total Phorphorur 
Blochemica1 oxygen Demand 
Fecal Col8form 
Sedlment 

Total Nitrogen Urban Polnr Source Totals 

Total Phmphorur 9.140 0 
B8ochemlcal Oxygen Oemand 25.930 0 
Fecal Coltform 118.WOO 
SRllmenl 1 3 0 0  

A f r  P~ l l u t~on  fosurface Water 1127 ~ o t a l  Njfrogen I I;:; I To721 Phmphorus 
8,ochemlcal Oxygen Demand 

,177 FI.s, rn8,fnrm 

Rural Olffure Source Totals 

Urban D8ffule Sourcer 
Rrrldenllsl . . . . . 

Total Nttrogen 
Total Phmphorur 
Biochemical oxygen Demand 
Fecal Col#form 

Total Nitrogen 
T0f.l Phmoh*ru. 
B8ochem8cal Oxygen Demand 
Fecal Coltform 
sed,menr 

3096 
3096 
3096 
3096 
3096 

08ffure Source Totals 

Tofal Sources Total N,,rogen 
Tofa1 Phorphoiur 
Blochemlcal oxygen Demand 
Fecal Collfarm 
Sedlmenf 

Toral Nitrogen 
Total Phosphorus 
B8achemtcal Oxygen Demand 
Fecal Collform 
Sediment 

Total Nttrogen 
Total Phosphorus 
Blochemlcal Oxygen Demand 
Fecal Cal#form 
Sediment 

a Urban pomf sources are expms~t)d in number of plans, other f~t)iI~ties, and Painn of sewage flaw relief; urban diffuse 
roumer are expressed m number of acres except reptic systems which are expressed in the number of pmonr 8erved;and 
rural diffuse roumes are expressed in acres e x c ~ f  liverfock operations which are expressed in equivalent animal units 

12.380 0 
990 0 

75.230 0 
495.360 0 

8 4 5 0  

~ o a d r  presented in pounds per year. except far few/ co~iform presented m counn x ro'per year, and sediment pm- 
seofed in fans per ye% 

0 7 
0 5 
1 9 
0 6  
0 3  

Tots1 Nlfrogen 
Total Pharphorur 
Blochem~cal Oxygen Demand 
Fecal Coliform 
Sedlmenf 

Source: SEWRPC, 

Total Nitrogen 
Total Phosphorus 
Blochemica1 oxygen Demand 
Fecal Collform 
Sedimenl 

Total Nitrogen 
Total Phosphor"$ 
Blochemlcal Oxygen Demand 
Fecal Collform 
Sediment 

Total Nitrogen 
T0t.l Phosphor". 
Blochem8cai Oxygen Demand 
Fecal Callform 
sediment 



Figure 30 

SUMMARY OF ESTIMATED AVERAGE ANNUAL POLLUTANT LOADINGS I N  THE DES PLAINES RIVER WATERSHED: 1975 
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Source: SEWRPC. 



FOX RIVER WATERSHED Table 72 

The Fox River watershed within southeastern Wisconsin 
is a natural surface water drainage unit 934.3 square miles 
in areal extent located in the central and south-central 
portions of the Region. The boundaries of the watershed, 
together with the locations of the main channels of the 
Fox River and its principal tributaries, are shown on 
Map 45, along with the locations of the known point 
sources of pollution and the generalized land uses as of 
1975. The main stem of the Fox River originates near 
the Village of Lannon in northeastern Waukesha County 
and discharges at the Wisconsin-Illinois state line near 
Wilmot, Wisconsin. About 83 percent of the total area 
of the watershed is still in rural land uses, with about 
77 percent of this rural area in agricultural use. Most of 
the agricultural-related land uses are located in the 
southern and central portions of the watershed. Table 72 
sets forth the extent and proportion of the major land 
cover categories within the watershed as they relate to 
water quality conditions in 1975. 

The soils within the Fox River watershed are deep to 
moderately deep silt loams in the eastern portions of 
Walworth County and the western pojions of Racine 
and Kenosha Counties, and are noted primarily for their 
excellent productivity. Waukesha County generally has 
rolling silt loams or gravelly loams as the primary soil 
types. Most of the soils are relatively fertile and produce 
high crop yields if managed correctly. Sediment dis- 
charges from these soils may result in high levels of 
nutrients in stream waters. 

Particularly important to  comprehensive water quality 
management planning are the soil suitability interpreta- 
tions for specified types of urban development. Based 
upon the interpretations of the soil properties, about 
30 percent of the watershed is covered by soils that 
have severe or very severe limitations for residential 
development with public sanitary sewer service, as shown 
on Map 46; about 56 percent of the watershed is covered 
by soils that have severe or very severe limitations for 
small lot (less than one acre in size) residential develop- 
ment without public sanitary sewer, as shown on Map 47; 
and about 45 percent of the watershed is covered by soils 
that have severe or very severe limitations for large lot 
(one acre or larger in size) residential development, as 
shown on Map 48. 

Municipal and Private Sewage Treatment Facilities 
In 1975, a total of 23 sanitary sewerage systems or 
portions thereof served a total area of about 45.4 square 
miles within the watershed, or about 5 percent of the 
total area of the watershed, and a total population of 
about 127,500 persons, or approximately 57 percent of 
the total resident population of the watershed. 

Sixteen municipally owned sewage treatment plants are 
located in the Fox River watershed. The five plants 
which serve the Cities of Waukesha, Burlington, and 
Brookfield, the Village of Silver Lake, and the Western 
Racine County Sewerage District discharge treated 
effluents directly to the main stem of the Fox River; 
the two plants which serve the Villages of Fontana-on- 
Geneva Lake and Williams Bay discharge treated effluents 

AREAL EXTENT OF LAND COVER 
IN THE FOX RIVER WATERSHED: 1975 

a These special land cover categories, defined primarily according to  their 
imperviousness and vegetative cover characteristics and effects on the 
quality o f  storm water runoff, were delineated at a scale o f  1" = 400' on 
aerial photographs taken in May 1975 and were measured to  the nearest 
full acre, using dot-counting overlays. The total acreages measured within 
hydrologic subbasins were then adjusted to the control totals measured by 
digitizer from base maps of hydrologic subbasins at  a scale o f  1"= 2000: 
Both the "square miles" and the "percent" shown above were then com- 
puted and rounded t o  the nearest hundredth (0.07) of a percent. 

Land covera 

Urban 
. . . . . . . . . . . . . . .  Residential 
b . . . . . . . . . . . . . .  Commercial 

Industrial 
. . . . . . . . . . . .  Manufacturing 

. . . . . . . .  Landfills and Dumps 
. . . . . . . . . . . . . . . .  Extractive 

Transportation 
. . . . . . .  Streets and Highways. 

. . . . . . . . . . . . . . .  Airfields 
. .  Railroad Yards and Terminals. 

Recreation 
. . . . . . . . . . . .  Golf Courses. 

. . . .  Parks and Other Recreation 
Land Under Development 

. . . . . . . . . . . . .  I3esidentialC 

. . . . . . . . . . . . .  Commercial 
. . . . . . . . . . . . . . .  Industrial 

. . . . . . . . . . .  Transportation 
. . . . . . . . . . . . . .  Recreation 

Rural 
Agricultural 

. . . . . . . . . . . .  Small Grains. 
. . . . . . . . . . . . . . . . . .  Hay 

. . . . . . . . . . . . .  Row Crops. 
. . . . . . . . . . .  Specialty Crops 

Sod Farm . . . . . . . . . . . . . .  
d . . . . . . . . .  Other Open Space 

Silvicultural 
. . . . . . . . . . . . .  Woodlands. 

. . . . . .  Orchards and Nurseries. 
Natural and Man-Made Water 

Areas-Subject t o  Atmospheric 
Pollutant Contributions 

. . . .  Ponds, Lakes, and Streams. 
Wetlands, Swamps, and Marshes. . 

Total 

Includes: retail, communication, utilities, administrative, and institutional 
land uses. 

Based on 1975 total residential lands, adjusted by the 1970 ratio between 
residential lands and residential lands under development. 

Square 
Miles 

62.80 
7.69 

4.78 
0.81 
6.58 

5.58 
1.28 
0.00 

6.42 
9.77 

16.95 
0.02 
0.38 
0.05 
0.1 5 

14.02 
80.31 
357.44 
9.27 
6.47 

135.82 

95.75 
2.48 

41.41 
82.1 1 

948.34e 

Includes: pasture, unused urban and rural lands. 

The total area of the Fox River watershed represented in this table is dif- 
ferent than the total area of the Fox River watershed identified in the text 
and on Map 45. This is due to the fact that the area set forth on Map 45 
includes only that portion o f  the Fox River watershed lying within the civil 
boundaries that comprise the Southeastern Wisconsin Region. The area of 
the Fox River watershed represented in this table represents an aggregation 
of subbasins, the boundaries o f  which do not always coincide with the civil 
boundaries o f  the Region. 

Acres 

40,192 
4,924 

3,056 
518 

4,212 

3.569 
817 

1 

4.1 10 
6.251 

10,846 
13 
245 
29 
96 

8.970 
51,396 
228.761 
5,934 
4,139 
86,927 

61,282 
1,584 

26,500 
52,548 

606,920 

Source: U. S. Department o f  Agriculture, Soil Conservation Service and 
Agricultural Stabilization and Conservation Service; County Soil 
and Water Conservation Districts/ University of Wisconsin-Extension 
Service; and SEWRPC. 

Percent 

6.62 
0.81 

0.50 
0.09 
0.69 

0.59 
0.13 
0.00 

0.68 
1.03 

1.79 
0.00 
0.04 
0.01 
0.02 

1.48 
8.47 
37.69 
0.98 
0.68 
14.32 

10.10 
0.26 

4.37 
8.66 

100.00 



T H E  LOCATION, BOUNDARIES, M A J O R  STREAMS, AND L A K E S  OF T H E  FOX R I V E R  WATERSHED-  

SHOWING POINT SOURCES O F  P O L L U T I O N  AND G E N E R A L I Z E D  LAND USES: 1975 

L E G E N D  

SUBURBAN AND LOW 
DENSITY RESIDENTIAL 
(0.2- 2.2 DWELLING UNITS 
PER N E T  RESIDENTIAL 
ACREI 

MEDIUM DENSITY RESIDEN- 
T I A L  (2.3-5.3 bwELLING 
UNITS PER NET RESIDEN- 
T IAL  ACRE1 

HIGH DENSITY RESIDENTIAL 
(70-17.9 DWELLING UNITS 
PER NET RESIDENTiAL ACREI 

PRIMARY ENVIRONMENTAL 
CORRIDOR PRESERVATION 
THROUGH PUBLIC AOUISITION 

MAJOR RETAIL AND SERViCE 
CENTER 

MAJOR INDUSTRIAL CENTER 

PUBLIC AIRPORT 

MAJOR PUBLIC OUTDOOR 
RECREATION CENTER 

POINT SOURCES O F  POLLUTION 

PUBLIC SEWAGE TREATMENT * FACILITY 

+ PRIVATE SEWAGE TREATMENT 
FACILITY 

$ KNOWN POINT SOURCE OF 
WASTEWATER OTHER THAN 
SEWAGE TREATMENT PLANT 
OR FLOW RELIEF DEVICES 

KNOWN FLOW RELIEF DEVICES . ~ M B I N W  SEWER o u r m L L  

0 BYPASS 

s CROSSOVER 

WRTABLE REUEF PUMPING 
STATION 

A REUEF PUMPING STATION 

.""",o -,.. 
* . . :",-, -- ". 

The Fox River watershed is about 934 square mile* in areal extent, or about 35 persent o f  the total area of the Region. The water quality In the watershed is 
affected by the various land user as well as by the 16 public wastewater treatment plants, 21 private warmwater treatment plants. 20 f low relief devices. and 
38 other point sources of ~l lstawmer 81 shown. 









Table 73 

SELECTED CHARACTERISTICS OF MUNICIPAL SEWAGE TREATMENT PLANTS I N  THE FOX RIVER WATERSHED: 1975 

City of Bur1~ngton 

Western Raclne County 
Sewerage Dirtrlct 
11ncIude~ Rochesfer 
and Waterfordl 

Act~vafed Sludge 
Phosphorus Advanced 1 Rernov~l 1 
Activated Sludge Secondary 

Name 

Vlllage of Silver Lake 
Village of Twin Lakes 

Fax Rwer 

FOX River 

Whrte River 

Honey Creek 

Seepage Lagoon 
and Lake Genev 

N~pperrlnk Creek 
Seepage Lagoon 
FOX Rlver 

Mukwonago Rive 

Exlstlng Loading 

N I A  

5.000 

9,750 

3.200 

4.000 

N I A  
6,500 

50,000 

1.500 

Total 
Area 
Sewed 

Isquare miles) 

0 47 
2 31 

Average 
Hydraul8c 

lmgdl 

0.15 
0.41 

3 00  

1 0 0  

N I A  

0 64 

1.80 

0.24 
1.2 

1200  

0.56 

Average 
Per 

Capita 

lgpdl 

115 
121 

5.000 

850 

1.890 

417 

N I A  

200 
1,100 

11.500 

485 

Estimated 
Total 

Populatbon 
Served 

1.300 
3,400 

23.809 

4,000 

9.000 

2.0W 

N I A  

952 
5,238 

54,762 

2.800 

Act8vated Sludge Secondary 
Phosphorus Advanced 

Removal 
Trickling Fslter Secondary 
Phosphorus Advanced 

Removal 
Trlckllng Flltsr Secondary 

Date of 
Conrtruct8an 

and Malor 
Modiflcatton 

1966 
1958. 1970 

Village of East Troy 
Vallage of 

Fontana-on-Geneva Lake Trrckirng Fllter Secondary 
Activated Sludge 
Trickling Fllter Secondary 
Activated Sludge Secondary 
Trickling Ftlter Secondary 
Phosphorus Advanced 

Rernovsl 
Trlcklrng Fllter Secondary 
Phosphorul Advanced 

Vlllage of Genoa City 
V8Ilage of W1ll8amr Bay 
C t v  of Waukerha 

Type 
of 

~ ~ e ~ f ~ s ~ t ~  

Activated Sludge 
Trlckllng Fsiter 

and 

Vlllage of Pewaukee 

Village of Surrex 
Clw of Brookfleld 

City of Muskego 

Derlgn Capacity 

Removal 
T r ~ k l i n g  Fllter Secondary 

and rotating 

b,olog,cal disc 
Trickling Filter Secondary 
Activated Sludge Secondary 
Phosphorus Advanced 

Removal 
O~rrnfecrron Secondary 
through 

Level of 
Treatment 
provldeda 

Secondary 
Secondary 

~ o p u l a t l o n ~  

3,000 
8.200 

Pewaukee River 

Sussex Creek 
Fan River 

819 Muskego 
Lake 

D~rposal 
of 

Effluent 

Fox River 
Barreff Creek 

1 C8tv of New Berlrn 
Regal Manor 1 0 54 1 1 1 0  1 1970 1 A ~ ~ ~ ~ ~ s l u d g e  Secondary 1 Deer Creek 1 N I A  1 0.30 1 N l A  500 1 2.381 1 0 . 1 2  109 1 

Average 
Hydraulic 

lmgdl 

0.30 
0.82 

a Aux,liary wasre trearmenf for dminfectron rs provided ar all municipal sewage rrearmenrplancr except the one operared by the Vrllage of East Troy 

The populat!on des~gn capacity for a grven sewage treatment facilrfy war obtained drrecfly from engineering ,worts prepared by or for ?he local unit of government operahng rhe facrliry and reflects assumpoonr made by the 
der,gn engmeer. The pmulsrion equrvalenr design capacrty was ertimared by ?he Cammrraon staff by drvrdmg che design BOD loading !n Poundsper day, as ref forth m the engineering report?, bv an esrimaredner cspira 
conrrrburion of 0.21 pound of BODBper day. I f  rhe derrgn engrneer asrumeda d,fferenr daily per capsfa conrribuoon of BODy th5e popolarron equivalent desrgn capacity will differ from the populanon derrgn capaotvshown 
in the cable. 

Peak 
Hydraultc 

lmgdl 

0.50 
1.64 

Source: SEWRPC. 

to seepage lagoons and thereby to the groundwaters; 
and the plant which serves the Village of Twin Lakes 
discharges treated effluents directly to  Bassett Creek. 
The remaining eight municipally owned sewage treat- 
ment plants which serve the Cities of Lake Geneva 
and Muskego; the New Berlin-Regal Manor Subdivision; 
and the Villages of East Troy, Genoa City, Mukwonago, 
Pewaukee, and Sussex discharge treated effluents to the 
White River, Big Muskego Lake, Deer Creek, Honey 
Creek, Nippersink Creek, Mukwonago River, Pewaukee 
River, and Sussex Creek, respectively. Selected informa- 
tion for these municipal sewage treatment plants is set 

Average 
Organic 

lpoundrof 
BOD5 per day1 

510 
1,390 

Willow Springs Mobile Home Park in Waukesha County. 
Selected data on these 21 privately owned wastewater 
treatment facilities are presented in Table 74, and the 
locations of these facilities are shown on Map 45. Of the 
16  publicly and 21 privately operated sewage treatment 
facilities, a total of five facilities discharge effluent 
directly to  the main stem of the Fox River, and 11 facili- 
ties discharge to  seepage lagoon and soil absorption 
systems. The remaining 21 facilities discharge effluent to  
various tributaries of the Fox River or into lakes within 
the watershed. 

Populationb 
Equ8valent 

2.429 
6.619 

forth in Table 73, and the plant locations are shown 
on Map 45. In addition to the publicly owned sewage 
treatment facilities, 21 private wastewater treatment 
facilities exist in the Fox River watershed, owned and 
operated by: Wheatland Mobile Home Park in Kenosha 
County; Downey Duck Company, Inc., Holy Redeemer 
College, and Packaging Corporation of America in Racine 
County; Alpine Valley Resort, Inc., Country Estates 
Mobile Home Park, Interlaken Resort Village, Paiser 
Produce Company (not in operation), Playboy Club 
Hotel, Slovak Sokol Camp, Wisconsin Dairies Cooperative, 

Sanitary Sewerage System Flow Relief Points 
In 1975, there were 20 known sanitary sewer flow relief 
devices in the watershed, as listed in Table 75 and shown 
on Map 45. Thirteen of the devices were sanitary sew- 
erage system bypasses, and 7 were portable pumping 
stations. Of the 20 devices, 14 discharge directly to  
the main stem of the Fox River and the remaining 
6 discharge directly to the White River, Honey Creek, 
Nippersink Creek, Silver Lake Outlet, Big Muskego Lake, 
and Deer Creek. 

and Wisconsin Department of ~ rans~or t a t i on -~as t  Troy Other Known Point Sources 
Rest Area in Walworth County; and Brookfield Central A total of 37 other known point sources of pollution 
High School, Cleveland Heights Elementary School, were identified in the watershed in 1975. These other 
Mammoth Springs Canning Corporation, Muskego Ren- point sources consisted primarily of 54 outfalls through 
dering Company, Inc., New Berlin West High School, which industrial cooling, process, rinse, and wash waters 
Oakton Manor-Tumblebrook Golf Course, Rainbow were discharged directly or indirectly to  the surface water 
Springs Resort (not in operation), Steeplechase Inn, and system. Of these, 32 were identified as discharging only 



Table 74 
SELECTED CHARACTERISTICS OF PRIVATELY OWNED WASTEWATER 

TREATMENT FACILITIES I N  THE FOX RIVER WATERSHED: 1975 

NOTE: N/A indicates data n o t  available. 

a Unless s~ecifically noted otherwise, data were obtained, i n  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 Discharge Elimination System permit itself. In  
some cases when 12 months of  flow data were no t  reported, the average annualandmaximum monthly hydraulic discharge rates were estimated from the available monthly discharge 
data or from the flow data as reported i n  the permit. 

Reported Maximum 
Monthly Hydraulic 

Discharge Rate 
(gallons per day)a 

N/A 

125,000 

13,000 

1 1,600 

N /A 

23,000 

72,000 

N /A 

278,000 

N /A 

N /A 

N /A 

N /A 

7,000 

250,000 

10.000 

23,000 

2,000~ 

N /A 

N /A 

36,000 

Data obtained from a Department of  Natural Resources compliance monitoring survey conducted on July 9, 1975. 

Average 
Hydraulic 

Design Capacity 
(gallons per day) 

39.000 

200.000 

15.000 

10,000 

40,000 

N /A 

125,000 

N /A 

500.000 

N /A 

N /A 

18.000 

N/A 

N /A 

N /A 

N /A 

24.000 

36,000 

160,000 

25,000 

NIA  

Name 

KENOSHA COUNTY 
Wheatland Mobile 

Home Park 

RACINE COUNTY 
Downey Duck 

Company, Inc. 
Holy Redeemer 

College 

Packaging Corporation 
of America 

WALWORTH COUNTY 
Alpine Valley 

Resort. Inc. 

Country Estates 
Mobile Home Park 

Interlaken Resort 
Village 

Paiser Produce 
Company 
(not in operation) 

Playboy Club Hotel 

Slovak Sokol Camp 

Wisconsin Dairies 
Cooperative 

Wisconsin Department 
of Transportation- 
East Troy Rest Area 

WAUKESHA COUNTY 
Brookfield Central 

High School 

Cleveland Heights 
Elementary School 

Mammoth Springs 
Canning Corporation 

Muskego Rendering 
Company, lnc. 

New Berlin West 
High School 

Oakton Manor- 
Tumblebrook 
Golf Course 

Rainbow Springs 
Resort 
(not in operation) 

Steeplechase Inn 

Willow Springs 
Mobile Home Park 

Data obtained from a Department o f  Natural Resources compliance monitoring survey conducted in 1976. 

Source: Wisconsin Department o f  Natural Resources and SEWRPC. 

Civil 
Division 

Location 

Town of 
Wheatland 

Town of 
Dover 

Town of 
Dover 

Town of 
Burlington 

Town of 
LaFayette 

Town of 
Lyons 

Town of 
Geneva 

Village of 
Genoa City 

Town of 
Lyons 

Town of 
East Troy 

Village of 
Genoa City 

Town of 
LaFayette 

City of 
Brookfield 

City of 
New Berlin 

Town of 
Lisbon 

City of 
Muskego 

City of 
New Berlin 

Town of 
Delafield 

Town of 

Mukwonago 

Town of 
Pewau kee 

Town of 
Lisbon 

Type of 
Land Use 
Served 

Residential 

Industrial 

Institutional 

Industrial 

Recreational 

Residential 

Recreational 

Industrial 

Recreational 

Recreational 

Industrial 

Recreational 

Institutional 

Institutional 

Industrial 

Industrial 

Institutional 

Recreational 

Recreational 

Commercial 

Residential 

Reported Average 
Annual Hydraulic 

Discharge Rate 
(gallons per dayla 

37,000~ 

45,000 

8.000 

7,500 

N /A 

15,000 

27,000 

N /A 

120.000 

20,000 

6,200 

N /A 

N/A 

5,000 

200,000 

N/A 

18,000 

BooC 

N/A 

N /A 

N/A  

Type of 
Wastewater 

Sanitary 

Process and 
Sanitary 

Sanitary 

Process and 
Sanitary 

Sanitary 

Sanitary 

Sanitary 

Process 

Sanitary 

Sanitary 

Process 

Sanitary 

Sanitary 

Sanitary 

Process 

Process 

Sanitary 

Sanitary 

Sanitary 

Sanitary 

Sanitary 

Type of 
Treatment 
Provided 

Contact 
Stabilization 
and Lagoon 

Lagoon and 
Spray Irrigation 

Extended 
Aeration 
and Lagoon 

Extended 
Aeration and 
Sand Filter 

Activated 
Sludge and 
Lagoon 

Extended 
Aeration 
and Lagoon 

Contact 
Stabilization, 
Sand Filter, 
and Lagoon 

Lagoon 

Contact 
Stabilization 
and Lagoon 

Activated Sludge 

Activated Sludge 

Contact 
Stabilization 
and Sand Filter 

Septic Tank, 
Sand Filter, 
and Lagoon 

Septic Tank, 
Sand Filter, 
and Lagoon 

Screening and 
Spray Irrigation 

Trap. Skimmer, 
Aeration 
and Lagoon 

Septic Tank, 
Sand Filter, 
and Lagoon 

Activated Sludge 
and Lagoon 

Activated Sludge 

Extended 
Aeration 
and Lagoon 

Soil Absorption 
System 

Disposal 
of Effluent 

Tributary of 
Fox River 

Soil 
Absorption 

Dover Ditch 

Tributary of 
Fox River 

Soil 
Absorption 

Tributary of 
Ore Creek 

Soil 
Absorption 

Soil 
Absorption 

White R~ver 

Potters Lake 

Nippersink Creek 

Tributary of 
Sugar Creek 

Soil 
Absorption 

Tributary of 
Poplar Creek 

Soil 
Absorption 

Soil 
Absorption 

Tributary of 
Poplar Creek 

Tributary of 
Pewau kee Lake 

Tributary of 
Mukwonago River 

Soil 
Absorption 

Soil 
Absorption 



Table 75 

KNOWN COMBINED SEWER OUTFALLS A N D  OTHER FLOW RELIEF DEVICES 
I N  THE FOX RIVER WATERSHED BY  RECEIVING STREAM A N D  C IV IL  DIVISION: 1975 

Source: SEWRPC. 

Receiving 
Stream 

White River 
Honey Creek 
Nippersink Creek 
Silver Lake Outlet 
Fox River 
Big Muskego Lake 
Deer Creek 
Fox River 
Sussex Creek 
Fox River 

Total 

cooling water. The remaining 22 were discharging other 
types of wastewaters. Industrial wastewater enters the 
Fox River and its major tributaries directly through 
industrial waste outfalls or indirectly through drainage 
ditches and storm sewers. Table 76 summarizes by 
receiving stream and civil division the characteristics 
of these other point sources, and Map 45 shows their 
locations. Four of these other point source outfalls 
discharge the wastes directly to  the Fox River main 
stem, 22 industrial outfalls discharge indirectly to  the 
Fox River, 22 discharge to the various tributaries of 
the Fox River, and six utilize soil absorption systems. 

Privately Owned Onsite Sanitary Wastewater Treatment 
In addition to  being provided through centralized sani- 

Civil 
Division 

City of Lake Geneva 
Village of East Troy 
Village of Genoa City 
Village of Silver Lake 
City of Waukesha 
City of Muskego 
City of Brookfield 
City of  Brookfield 
Village of Sussex 
Village of 

Menomonee Falls 

tary sewerage service within the watershed, sanitary 
wastewater treatment and disposal is provided through 
approximately 28,266 privately owned onsite sewage 
disposal systems consisting of 28,106 septic tanks, 
145 holding tanks, and 1 5  mound systems. These systems 
serve a total resident population of about 97,600 persons, 
or about 43 percent of the total resident population 
of the watershed. Of this total, about 52,800 persons, 
or about 56 percent, resided in concentrated areas of 
urban development having at least 32 housing units 
in a U. S. Public Land Survey quarter section. These 
scattered quarter sections of urban land use concentra- 
tion totaled about 72 square miles of urban land use, 
or slightly more than 8 percent of the total area of 
the watershed. 

Urban Storm Water Management Systems 
As noted in Table 72, land cover categories associated 
with urban land uses as of 1975 comprised 78,900 acres, 

Com bined 
Sewer 

Outfalls 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 

or about 13  percent of the Fox River watershed. The 
most important urban land cover category was residential 
land, with about 7 percent. 

There were a total of 16  known urban storm water 
drainage systems providing service to the subareas of the 
Fox River watershed within the Region in 1975. These 
include the systems operated by the Cities of Brookfield, 
Burlington, Elkhorn, Lake Geneva, Muskego, New Berlin, 
and Waukesha, and the Villages of East Troy, Menomonee 
Falls, Mukwonago, Pewaukee, Rochester, Sussex, Twin 
Lakes, Wales, and Waterford. The Cities of Lake Geneva 
and Muskego and the Village of East Troy were unable 
to  provide a copy of a map of their systems. Together, 
the 1 3  storm water drainage systems for which mapping 

Total 

1 
1 
1 
1 

10 
1 
1 
1 
1 

2 

20 

Other Flow Relief Devices 

was available have a tributary drainage area of about 

Crossovers 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 

19.4 square miles, or about 2 percent of the total area 
of the watershed. Included within this storm water 
drainage area are a total of 212 known storm water 
outfalls ranging in size from 8 to 78 inches in diameter. 

Bypasses 

1 
1 
1 
1 
8 
1 
0 
0 
0 

0 

13 

There were no known storm water pumping facilities 
and three known storm water storage facilities in the 
watershed. The total annual average discharge from these 
outfalls is estimated to  be about 1,125 million gallons 

Relief 
Pumping 
Stations 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 

per year occurring on the average in 65 events. 

Portable 
Pumping 
Stations 

0 
0 
0 
0 
2 
0 
1 
1 
1 

2 

7 

Rural Storm Water Runoff 
About 528,000 acres, or 87 percent, of the total area of 
the watershed, are devoted to rural land use activities. 
The most important rural land cover categories were 
row crops with 38 percent, hay with 8 percent, other 
open space with 14  percent, woodlands with 10  percent, 
and wetlands, swamps, and marshes with 9 percent of 
the watershed. As of May 1975 there were an estimated 



Table 76 

CHARACTERISTICS OF OTHER KNOWN POINT SOURCES OF WATER POLLUTION IN THE FOX RIVER WATERSHED: 1975 

Reported Average 
Annual Hydraulic 
Discharge Rate 

(gallons per dayla 

N /A 

1,700 

N /A 

1.100 

21 2,000 

141,000 

228,000 

55,000 

3.000 

12,000 

7,000 

480,000 

64,000 

Intermittent 

N /A 

3,600 

34,000 

34.000 

28,000 

1,000 

1.000 

1,000 

72,000 

8.000 

227,000 

42,000 

180.000 

Name 

KENDSHA COUNTY 
White Construction 

Company 
RACINE COUNTY 

Burlington 
Brass Works 

Continental Can 
Company, lnc. 

Culligan Soft 
Water Service 

Foster-Forbes 
Glass Company 

Lavelle 
Industries, Inc. 

Murphy Products 
Company, Inc. 

The Nestle 
Company, Inc. 

WALWORTH COUNTY 
Coca-Cola Bottling 

Company, Inc. 
Crucible, Inc.- 
Trent Tube Divis~on 
Plant No. 1 

Crucible, 1nc.- 
Trent Tube Division 
Plants No. 2 and No. 3 

Genoa City Water 
Treatment Plant 

Lake Geneva 
Packaging. Inc. 

Wisconsin Dairies 
Cooperative 

WAUKESHA COUNTY 
Alloy Products 

Corporation 

American Telephone 
and Telegraph Company- 
Long Lines Division 

Amron Corporation 

Elmbrook Memorial 
Hospital 

General Casting 
Corporation 

Reported Maximum 
Monthly Hydiaulic 

Discharge Rate 
(gallons per dayla 

N /A 

NIA  

N/A 

1,300 

370,000 

173,000 

294,000 

60,000 

3,600 

16.000 

10.000 

520.000 

104,000 

Intermittent 

1,000 

N /A 

46,000 

46,000 

28,000 

7,000 

1.000 

1.000 

288,000 

N /A 

270.000 

NIA  

N lA  

Outfall 
Number 

1 

2 

1 

1 

1 

2 

3 

1 

3 

2 

1 

1 

1 

1 

1 

2 

1 

2 

1 

1 

2 

3 

4 

1 

1 

2 

3 

Receiving 
Water Body 

Tributary of 
Fox River 

Fox River 
via Storm Sewer 

Soil Absorption 

Fox River 
via Storm Sewer 

Fox River 
via Storm Sewer 

Fox River 
via Storm Sewer 

Fox River 
via Storm Sewer 

Fox River 
via Storm Sewer 

Fox River 
via Storm Sewer 

Fox River 
via Storm Sewer 

White River 
via Drainage Ditch 

Honey Creek 

Honey Creek 

Nippersink Creek 

Soil Absorption 

Nippersink Creek 

Soil Absorption 

Soil Absorption 

Tributary of the 
Fox River 

Fox River 
via Storm Sewer 

Fox River 
via Storm Sewer 

Fox River 
via Storm Sewer 

Fox River 
via Storm Sewer 

Fox River 

Fox River 
via Storm Sewer 

Fox River 
via Storm Sewer 

Fox River 
via Storm Sewer 

Standard 
Industrial 

Classification 
Code 

1500 

3432 

341 1 

7399 

3221 

3069 

2048 

2066 

2086 

331 7 

3317 

4952 

201 1 

2026 

3494 

481 1 

3489 

8062 

3321 

Civil 
Division 
Location 

Town of 
Wheatland 

City of 
Burlington 

City of 
Burlington 

City of 
Burlington 

Town of 
Burlington 

City of 
Burlington 

City of 
Burlington 

City of 
Burlington 

Town of 
Lyons 

Village of 
East Troy 

Village of 
East Troy 

Village of 
Genoa City 

Town of 
Lyons 

Village of 
Genoa City 

City of 
Waukesha 

Town of 
Waukasha 

City of 
Waukesha 

City of 
Brookfield 

City of 
Waukesha 

Type of 
Wastewater 

Groundwater 
Seepage 

Process and 
Sanitary 

Process 

Process 

Cooling 

Cooling 

Cooling 

Process and 
Cooling 

Cooling 

Cooling 

Washwater 

Process and 
Cooling 

Process and 
Cooling 

Filter 
Backwash 

Process 

Cooling 

Process and 
Cooling 

Process and 
Cooling 

Cooling, Tower 
Blowdown and 
Groundwater 
Seepage 

Cooling 

Process and 
Cooling 

Process and 
Cooling 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling 

Known 
Treatment 

None 

None 

None 

None 

Lagoon 
and Oil 
Separator 

None 

None 

None 

None 

None 

None 

Lagoon 

NIA  

None 

None 

None 

Lagoon 

Lagoon 

None 

N /A 

N /A 

N/A 

N /A 

None 

None 

None 

None 



Table 76 (continued) 

NOTE: N/A indicates data n o t  available 

a Unless s~ec i f ica l ly  noted otherwise. data were obtained, i n  order o f  prior i ty, from: quarterly reports f i led  wi th  the Wisconsin Department o f  Natural Resources under the Wrsconsin 
Pol lutant Discharge El imination System o r  under Section 7 0 7  o f  the W,sconsin Administratfve Code o r  from the Wfsconsin Pol lutant Dlscharge Elim,nation System permi t  ~tself. I n  

some cases when 12 months o f  f low data were n o t  reported, the average annual and  maximum month ly  hydraul ic discharge rates were estimated f rom the available month ly  dfscharge 
data o r  from the f low data as reported i n  the permit. 

Reported Maximum 
Monthly Hydraulic 

Dlschdrge Rate 
(gallons per dayia 

N I A  

80,000 

179,000 

1.1 86,000 

88,000 

84.000 

14,900 

32,000 

72,000 

154.000 

198.000 

9.000 
46,000 

168,000 

1,723,000 
N /A 

52.000 

60.000 

2,400 

N /A 

1,468.000 

900,000 

272,000 

N I A  

N I A  

102,000 

60.000 

Source: Wisconsin Department o f  Natural Resources and  SEWRPC. 

Reported Average 
Annual Hydrau l~c 

Dlscharge Rate 
(gallons per dayla 

2,400 

70,000 

158.000 

1,035,000 

55,000 

58,000 

8,900 

1 8,000 

26.000 

1 12,000 

174,000 

6.000 
40.000 
95.000 

922,000 
2,700 

46,000 

60,000 

2.300 

N /A 

496,000 

41 8.000 

272,000 

120,000 

1,500 

80.000 

16.000 

Outfal l  
Number 

1 

1 

2 

1 

1 

1 

1 

2 

3 

5 

6 

1 
2 
1 

2 
1 

1 

2 

1 

1 

1 

1 

1 

1 

1 

1 

2 

Known 
Treatment 

None 

None 

None 

Lagoon 

Lagoon 

Oil 
Separator 

None 

None 

None 

None 

None 

Lagoon 

N / A  
Lagoon 

Lagoon 
None 

011 
Separator 

None 

None 

Seepage 
Lagoon 

None 

N I A  

None 

Lagoon 

Lagoon 

None 

None 

Name 

General Electric 
Company-Medical 
Systems Division 

Grede Foundries, 1nc.- 
Spring City Foundry 

Halquist Stone 
Company, Inc. 

Howard B. Stark 
Company 

Huber Supreme Metal 
Treating Company 

International 
Harvester Company 

Mammoth Springs 
Canning Company 

Payne & Dolan o f  
Wisconsin, Inc. 

Port Shell 
Moulding, Inc. 

R T E  Corporation 

Quality A luminum 
Casting Company 

State Sand & 
Gravel Company 

Vulcan 
Materials Company 

Waukesha Engine- 
Division o f  Dresser 
Industries, Inc. 

Waukesha Foundry 

Waukesha Lime & 
Stone Company, Inc. 

Western Bituminous 
Company, Inc. 

Wisconsin 
Centrifugal, Inc. 

Rece~v~ng  
Water Body 

Deer Creek 
v ~ a  Storm Sewer 

Fox Rfver 
"la Storm Sewer 

Fox River 
"la Storm Sewer 

Sussex Creek 

Pewaukee R~ve r  

Deer Creek 
vla Dra~nage Ditch 

Tnbutary o f  the 
Fox R ~ v e r  
via Storm Sewer 

Tributary of the 
Fox River 
vla Storm Sewer 

Tributary of the 
Fox R ~ v e r  
vla Storm Sewer 

T r~bu ta r y  of the 
Fox R ~ v e r  
via Storm Sewer 

Tributary of the 
Fox Rwer 
via Storm Sewer 

Sussex Creek 
So11 Absorpt~on 
Fox R ~ v e r  

Fox River 
Pewaukee R~ve r  

Fox River 
via Storm Sewer 

Fox R ~ v e r  
via Storm Sewer 

Fox R ~ v e r  
via Storm Sewer 

Soil Absorption 

Tributary of the 
Fox R ~ v e r  
via Drainage Djtch 

Swamp Adjacent 
t o  the Fox River 

Fox River 
ma Drainage Dl tch 
and Storm Sewer 

Fox River 

Tributary of the 
Fox Rwer 

Fox R ~ v e r  
via Storm Sewer 

Fox R ~ v e r  
vla Storm Sewer 

Standard 
Industrial 

Classificat~on 
Code 

3321 

1429 

2065 

3471 

3321 

2033 

2951 

3369 

361 2 

3341 

1442 

3519 

3321 

141 1 

2891 

3382 

C ~ v i l  
D ~ v ~ s i o n  
Locat~on 

C ~ t y  of 
New Berlin 

C ~ t y  o f  
Waukesha 

Town  of  
L~sbon  

V~llage o f  
Pewaukee 

City o f  
New Berlin 

C ~ t y  of 
Wau kesha 

Town  of  
Lisbon 

Town  of  
Pewau kee 

Town  of  
Pewaukee 

City o f  
Waukesha 

City o f  
Waukesha 

Town  of  
Muskego 

Town  of  
Lisbon 

City o f  
Waukesha 

City o f  
Waukesha 

Town  of 
Pewau kee 

Town  of  
Lisbon 

City of 
Waukesha 

Type of  
Wastewater 

Cooling 

Cooling 

Cooling 

Washwater 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling 
Cooling 
Washwater 

Washwater 
Cooling 

Cooling 

Cooling 

Cooling 

Process 

Groundwater 

Cooling 

Cooling 

Groundwater 

Process 

Cooling 

Cooling 



698 domestic livestock operations-operations of 25 or 
more equivalent animal units-having a total of 77,420 
equivalent animal units within the watershed. This figure 
does not include the Downey Duck Farm with about 
82,600 ducks, or 826 equivalent animal units which are 
noted above as a point source of wastewater. Of the 
698 operations, 299, or 43 percent, were located within 
500 feet of the surface water system of the watershed. 

Pollution Loadings 
A summary of the estimated average annual pollution 
loadings in the Fox River watershed is presented in 
Table 77 and depicted in Figure 31. Urban sources of 
pollution are estimated to  contribute 23 percent of the 
nitrogen, 58 percent of the phosphorus, 32 percent of 
the biochemical oxygen demand, 11 percent of the fecal 
coliform, and 57 percent of the sediment which occur 
as water pollutants in the Fox River watershed. Of 
the urban contribution, point sources of pollution 
are estimated to  contribute 36 percent of the nitrogen, 
21 percent of the phosphorus, 9 percent of the bio- 
chemical oxygen demand, 3 percent of the fecal coliform, 
and almost none of the sediment. Diffuse sources- 
including the estimated septic tank and construction- 
related contributions in the drainage area-ccount for 
the remaining 64 percent of the nitrogen, 79 percent 
of the phosphorus, 91  percent of the biochemical oxygen 
demand, 97 percent of the fecal coliform, and almost 
all of the sediment contributed from urban sources. 

Of the total pollutant loads, rural pollution sources are 
estimated to  contribute the remaining 77 percent of the 
nitrogen, 42 percent of the phosphorus, 68 percent of the 
biochemical oxygen demand, 89 percent of the fecal 
coliform, and 43 percent of the sediment which occur 
as water pollutants in the watershed. Livestock feeding 
operations-inclusive of the disposal of manure on 
croplands--are estimated to contribute 26 percent of the 
nitrogen, 72 percent of the phosphorus, 45 percent of the 
biochemical oxygen demand, almost all of the fecal 
coliform, and 3 percent of the sediment from rural 
sources. The remainder of the estimated rural pollution 
load, or 74 percent of the nitrogen, 28 percent of the 
phosphorus, 55 percent of the biochemical oxygen 
demand, almost none of the fecal coliform, and 97 per- 
cent of the sediment, are contributed by other rural 
diffuse sources, namely storm water runoff from rural 
land uses and atmospheric loadings to  surface waters. 

KINNICKINNIC RIVER WATERSHED 

The Kinnickinnic River watershed is a natural surface 
water drainage unit 24.9 square miles in areal extent 
located in the eastcentral portion of the Region. The 
boundaries of the basin, together with the locations of 
the main channels of the Kinnickinnic River and its 
principal tributaries, are shown on Map 49, along with 
the locations of known point sources of pollution and 
the generalized land uses as of 1975. The entire water- 
shed is included in the Milwaukee urbanized area and 
discharges to  Lake Michigan through the Milwaukee 
Harbor. The watershed is highly urbanized, with about 

86 percent of the land devoted to  urban uses. The rural 
land use is primarily devoted to  open lands, generally 
located in the southern portions of the watershed. 
Table 78 sets forth the extent and proportion of the 
major land cover categories within the watershed as they 
relate to water quality conditions in 1975. 

Presently there is no available mapping to indicate the 
predominate soil types within the majority (about 
75 percent) of the Kinnickinnic River watershed, due to  
the highly urbanized characteristics of the land surface, 
which includes artificial fill materials and paved surfaces 
over much of the area. However, knowledge of the area 
soils indicates that the basic soil types are of a heavy, 
claylike character. 

Particularly important to  comprehensive water quality 
management planning are the soil suitability interpreta- 
tions for specified types of urban development. Based 
upon the interpretations of the soil properties, for those 
areas of the watershed for which soils data are available 
almost all of the known portion of the watershed is 
covered by soils that meet the soils requirements for 
residential development with public sanitary sewer 
service, as shown on Map 50. Most of the known portion 
of the watershed is covered by soils that have severe or 
very severe limitations for small lot (less than one acre 
in size) residential development without public sanitary 
sewer, as shown on Map 51. Part of the known portion 
of the watershed is covered by soils that meet the soils 
requirements for large lot (one acre or larger in size) 
residential development, as shown on Map 52. 

Municipal and Private Sewage Treatment Facilities 
In 1975, a total of five sanitary sewerage systems or 
portions thereof served the entire watershed area of 
24.9 square miles, and the entire resident population of 
the watershed of 165,100 persons. Included in this total 
are a total area of about 3.9 square miles, or about 
16 percent of the watershed area, and an estimated popu- 
lation of about 56,000 persons, or about 34 percent of 
the resident population of the watershed, which were 
served by combined storm and sanitary sewers. There 
are no publicly or privately owned sewage treatment 
plants discharging to the stream system of the Kin- 
nickinnic River watershed. 

Sanitary Sewerage System Flow Relief Points 
In 1975, there were 23 combined sewer outfalls and 
29 known sanitary sewer flow relief devices in the water- 
shed, as listed in Table 79 and shown on Map 49. Of the 
latter, four were sanitary sewerage system bypasses; two 
were relief pumping stations; four were portable pumping 
stations: and the remaining nineteen were crossovers. 
Of the total 52 flow relief udevices and combined sewer 
outfalls, 40 discharge directly to the main stem of the 
Kinnickinnic River; 7 discharge directly to  Wilson Park 
Creek; 2 discharge directly to the S. 43rd Street ditch; 
2 discharge directly to Lyons Park Creek; and 1 dis- 
charges directly to  Cherokee Park Creek. 



SUMMARY OF ESTIMATED AVERAGE ANNUAL POLLUTANT LOADINGS IN THE FOX RIVER WATERSHED: 1975 

~ o s d r ~  

Average Year w 
Urban Pomt Sources 

Muntcipsl Sewage Treatment Plants 15 
15 

Total Nitrogen 875.730.0 8 0  
Total Phos~horus 204.520 0 11.9 

8 o h m c l  O g  O d  I 723920.0 1 ::: I 
Fecal Collform 790.000.0 

1 Urban olffure Source Tareli I Total N8lrogen 1.570.380.0 
Toral Pharphorur 786,710 0 

Fecal Coilform 61.685.408 0 

Total N8tragen 2.464.880.0 
Total Phorphorur 997.730.0 

Fecal Coliform 63,881,806 0 
Sediment 1.253.915 0 

Urban Source Tofalr 
Pr8v81e Sewage Treatment Plant? Total Nitrogen 9.380.0 

Total Phoiphorur 2.880.0 
B < s c h e m d  Oxygen Demand 1 1 1 1 
Fecal Collform 
Sedment 

Combned Sewer Overflow 

lndurtrlal Dlrchargar . . 

Sanl~ery Sewer Flow R ~ l e f  Oev8cer 

Total Ntrogen 
Total Phorohorur 
Btachem#cai Oxygen Demand 
Fecal Collform 
Sediment 

2,198,730 0 1 510,9700 1 ,ii 1 
Biochemical Oxvaen Demsnd 8 609 100 0 

77420 Fecal Coilform 1 77420 1 S d 8 1 1 1  

Total Nltragen 
Total Phor~hotur 
Bochemtral Oxygen Demand 
Fecal Coliform 
Sediment 

Cropland. Pasture and Unused 
Rural Land . . . . . . . . . 386127 Total Nmtragen 5,913,460 0 54.0 

386127 Tots1 P h o r p h o r ~ ~  181.580.0 10.6 
386127 B#ochemCal Oxvaen D m  6 , 1 6 1 7 6  1 2;: I I 388127 I Fecal Coltform 

Total Nlrrogen 
Total Phorpharur 
Biochemmcal Oxygen Demand 
Fecal Collform 
Sedtmeof 

Sil,v~culrurai . . . . , 

A#r  POlIutlon 10 Surface Warer 

62866 Total Nlfrogen 
62866 Tafal Phor~horur 
82868 8~ochem~cal Oxygen Demand 
62866 Fecal Coilfarm 
62866 Sedimenl 

Urban Pomnr Source Totals Total Nitrogen 
Total Phorl lhor~r 
B~ochem~cai Oxygen Demand 
Fecal Caliform 
Sediment 

26500 Total Nttrogen 
26500 Total Phos~horus 
26500 8lochemlcsl Oxygen Demand 
26500 Fccsl Coilform 
26500 Sedlmenf 

Urban Df fure  Sourcei 
RertdenI$al 

Commerclsl . . 

Indurtr,al . . .  . . 

Exlracflve 

Total Nllrogen 
Total Pherphorui 
8lOchcmlcal oxygen Demand 
Fecal Callform 
Sedlmenf 

Rural Diffme Saurce Toralr r- Total Nitrogen 8,492,630 0 
Total Pharphoru~ 714.600.0 

Fecal Co18form 495,902,915 8 

4924 Total Nitrogen 
4924 Total Phorphorus 
4924 81ochem8~al Oxygen Demand 
4924 Fccal COllform 
4924 S~d imenl  

3574 Total Nitrogen 
3574 Total Phorphorus 
3574 B~ochemlcal Oxygen Demand 
3574 Fecal Cal8form 
3574 Sed~ment 

4212 Total Nltrogen 
4212 Total Phorohorui 
4212 B~ochemtcal Oxygen Demand 
4212 Fecal Col8farm 
4212 Sed~ment 

D~ffuieSource Totals Total Nttrogen 
Total Phorphorur 
B<ochem#cal Oxygen Demand 
Fecal Collform 

Total Phosphorus 
Btachemlcal Oxvgen Demand 
Fecal Callform 
Sediment 

a urban point aourcer are expressed in number ofp~snts, other f ~ i ~ i t i e ~ ,  and points of sewage flow relief, urban diffuse 
sources are expressed in number of ecrm except septic systems which are s x p m e d  m ?he number of penons serued;and 
rural diffuse rovrcss are expressed in acres except livestock operetianr which are expressed in equivalent animal v n i n  

kDadr perenfed in pounds per year, for fecal coiifom pmsenred in c w n e  x 10' per year, and sediment prs- 
7.200 0 senfed in tans per year. 

Sedlmenl 77.325 0 
Saurce: SEWRPC. 

10361 Total Nltragen 
10361 Total Phoipharur 
10361 B!ochemlcal Oxygen Demand 
10361 Fecal COllform 
10361 Sedtmenl 

11229 Total Nlrrogen 
11229 Total Phosphorur 
11229 8~ochem~cal Oxygen Demand 
11229 Fecal Cal8form 
11229 Sediment 



Figure 31 

SUMMARY OF ESTIMATED AVERAGE ANNUAL POLLUTANT LOADINGS IN THE FOX RIVER WATERSHED: 1975 

: = =  : = - - i c m  
I m m  "'I 

Source: SEWRPC. 
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Table 78 

AREAL EXTENT OF WATER QUALITY-RELATED LAND 
COVER I N  THE KlNNlCKlNNlC RIVER WATERSHED: 1975 

a These special land cover categories, defined primarily according to their 
imperviousness and vegetative cover characteristics and effects on the 
quality of  storm water runoff, were delineated at a scale of  I"= 400' on 
aerial photographs taken in May 1975 and were measured to the nearest 
full acre, using dot-counting overlays. The total acreages measured within 
hydrologic subbasins were then adjusted to the preliminary control totals 
measured by digitizer from base maps of hydrologic subbasins at a scale of 
1" = 2000'. Both the "square mi1es"and the 'percent"shown above were 
then computed and rounded to  the nearest hundredth 10.011 of a percent. 
The final control total for the Kinnickinnic River watershed is indicated 
on Map 49. 

Land covera 

Urban 
Residential . . . . . . . . . . . . . . . .  
commercialb . . . . . . . . . . . . . . .  
Industrial 

Manufacturing. . . . . . . . . . . . .  
Landfills and Dumps . . . . . . . . .  

Extractive . . . . . . . . . . . . . . . . .  
Transportation 

Streets and Highways. . . . . . . . .  
Airfields . . . . . . . . . . . . . . . .  
Railroad Yards and Terminals. . . .  

Recreation 
Golf Courses. . . . . . . . . . . . . .  
Parks and Other Recreation . . . . .  

Land Under Development 
FtesidentialC . . . . . . . . . . . . . .  
Commercial . . . . . . . . . . . . . .  
Industrial . . . . . . . . . . . . . . . .  
Transportation . . . . . . . . . . . .  
Recreation . . . . . . . . . . . . . . .  

Rural 
Agricultural 

Small Grains. . . . . . . . . . . . . .  
Hay. . . . . . . . . . . . . . . . . . .  
Row Crops. . . . . . . . . . . . . . .  
Specialty Crops . . . . . . . . . . . .  
Sod Farm . . . . . . . . . . . . . . .  

d 
Other Open Space . . . . . . . . . .  

Silvicultural 
Woodlands . . . . . . . . . . . . . . .  
Orchards and Nurseries. . . . . . . .  

Natural and Man-Made Water Areas- 
Subject to  Atmospheric 
Pollutant Contributions 

Ponds, Lakes, and Streams. . . . . .  
Wetlands, Swamps, and Marshes. . .  

Total 

Includes: retail, communication, utilities, administrative, and institutional 
land uses. 

Based on 1975 total residential lands, adjusted by the 1970 ratio between 
residential lands and residential lands under development. 

Square 
Miles 

11.81 
1.94 

2.1 2 
0.04 
0.02 

0.88 
1.77 
0.03 

0.05 
1.31 

0.42 

0.00 
--  
- -  

- -  
- -  
- -  
0.15 
--  
2.66 

0.03 
--  

0.05 
0.06 

23.34 

Includes: pasture, unused urban and rural lands. 

Source: U. S. Department of  Agriculture, Soil Conservation Service and 
Agricultural Stabilization and Conservation Sewice; County Soil 
and Water Conservation Districtsl University of Wisconsin-Extension 
Service; and SEWRPC. 

Acres 

7,559 
1,239 

.1,354 
27 
15 

563 
1,130 

16 

32 
839 

266 
. - 

1 
--  
- -  

- -  
- -  
- -  

94 
-- 

1,703 

20 

3 1 
36 

14.925 

Other Known Point Sources 
A total of 30 other known point sources of pollution 
were identified in the watershed in 1975. These other 
point sources consisted primarily of 60 outfalls through 
which industrial cooling, process, rinse, and wash waters 
were discharged directly or indirectly to  the surface water 
system. Of these, 30 were identified as discharging only 
cooling water. The remaining 30 were discharging other 
types of wastewaters. Industrial wastewater enters the 
Kinnickinnic River and its major tributaries directly 
through industrial waste outfalls or indirectly through 
drainage ditches and storm sewers. Table 80 summarizes 
by receiving stream and civil division the characteristics 
of these other point sources, and Map 49 shows their 
locations. Six of these other point source outfalls dis- 
charge the wastes directly to  the Kinnickinnic River main 
stem, 19 outfalls discharge to  the Kinnickinnic River 
indirectly, and the remaining 35 outfalls discharge to the 
Kinnickinnic River via tributaries. 

Percent 

50.65 
8.30 

9.07 
0.18 
0.10 

3.77 
7.57 
0.1 1 

0.21 
5.62 

1.78 
--  
0.01 
--  

- -  
- -  
0.63 

11.41 

0.13 
--  

0.21 
0.24 

100.00 

Privately Owned Onsite Sanitary Wastewater Treatment 
No onsite sewage disposal systems are known to exist in 
the watershed, since it is fully within areas served by 
a centralized sanitary sewerage system. 

Urban Storm Water Management Systems 
As noted in Table 78, land cover categories associated 
with urban land uses as of 1975 comprised about 
13,000 acres, or about 87 percent, of the Kinnickinnic 
River watershed. The most important urban land cover 
categories were residential land with about 51  percent, 
commercial land with about 8 percent, manufacturing 
land with 9 percent, airfields with 8 percent, and parks 
and other recreation land with 6 percent. 

There were a total of six known urban storm water 
drainage systems providing service to the subareas of the 
Kinnickinnic River watershed within the Region in 1975. 
These include the systems operated by the Cities of 
Cudahy, Greenfield, Milwaukee, St. Francis, and West 
Allis, and the Village of West Milwaukee. Together, these 
storm water drainage systems have a tributary drainage 
area of about 16.6 square miles, or about 67 percent of 
the total area of the watershed. About 17 percent of 
the total area of the watershed is served by combined 
sanitary and storm sewers as noted above. Included 
within this storm water drainage area are a total of 
94 known storm water outfalls ranging in size from 
12  inches in diameter to a 142 by 89-inch box culvert. 
There were no known storm water pumping facilities or 
storm water storage facilities in the watershed. The total 
annual average discharge from these outfalls is estimated 
to  be about 2,768 million gallons per year occurring on 
the average in 70 events. 

Rural Storm Water Runoff 
About 1,900 acres, or 1 3  percent of the total area of 
the watershed, are devoted to rural land use activities. 
The most important rural land cover category was other 
open space, with 11 percent. No domestic livestock 
feeding operations are known to exist in the Kinnickinnic 
River watershed. 



T H E  LOCATION, BOUNDARIES,  A N D  M A J O R  S T R E A M S  O F  T H E  K l N N l C K l N N l C  R I V E R  WATERSHED-  
SHOWING P O I N T  SOURCES O F  P O L L U T I O N  A N D  G E N E R A L I Z E D  L A N D  USES: 1 9 7 5  

LEGEND 

NONE SUBURBAN AND LOW 
DENSITY RESIDENTIAL 
(0.2- 2 .2  DWELLING UNITS 
PER NET RESIOENTIAL 
ACRE) 

MEDIUM DENSITY RESIDEN- 
TIAL (2.3-6.9 DWELLING 
UNITS PER NET RESIDEN- 
TIAL ACRE) 

HIGH DENSITY RESiDENTIAL 1 (7,O-17.9 DWELLING UNITS 
PER NET RESIDENTIAL A C E )  

PRIMARY ENVIRONMENTAL 
CORRIDOR PRESERVATION 
THROUGH PUBLIC AQUISITION 

MAJOR RETAIL AND SERVICE 
CENTER 

MAJOR INDUSTRIAL CENTER 

PUBLIC AIRPORT 

NONE MAJOR PUBLIC OUTDOOR 
RECREATION CENTER 

POINT SOURCES O F  POLLUTION 

OR FLOW RELIEF DEVICES 

KNOWN FLOW RELIEF DEVICES . COMBINED SEWER OUTFALL 

O CROSSOVER 

n PORTABLE RELIEF PUMPING 
STATION 

A RELIEF PUMPING STATION 

The Kinnickinnic River watenhed ir about 25 square miles in areal extent, or about 0.9 percent of the total ares of the Region. The water quality in the watershed 
is affected by the various land user as well a% by the 29 f low relief devices and 30 other point sources of wastewater ar shown. 

Source: SEWRPC. 

Table 7 9  

K N O W N  C O M B I N E D  SEWER O U T F A L L S  A N D  O T H E R  F L O W  R E L I E F  D E V I C E S  I N  T H E  
K l N N l C K l N N l C  R I V E R  W A T E R S H E D  B Y  R E C E I V I N G  S T R E A M  A N D  C I V I L  D I V I S I O N :  1 9 7 5  

Source: SEWRPC. 
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Receiving 
Stream 

Kinn ick inn ic  River 
K inn ick inn ic  River 
Wilson Park Creek 
Cherokee Park Creek 
South 4 3 r d  S t r e n  D i t c h  
L y o n r  Park Creek 

Civi l  
Division 

C i t y  of Milwaukee 
C i t y  o f  West A l l is  
C i t y  o f  Milwaukee 
C i t y  o f  Milwaukee 
C i t y  o f  Milwaukee 
C i t y  o f  Milwaukee 

Tota ls  

Combined 
Sewer 

Out fa l l r  

2 3  
0 
0 
0 
0 
0 

2 3  

To ta l  
- 

3 4  
6 
7 
1 
2 
2 

5 2  

Other  F l o w  Relief Devices 

Bypasses 

2 
0 
1 
0 
1 
0 

4 

Rel ief 
Pumping 
Stat ions 

1 
0 
1 
0 
0 
0 

2 

Portable 
Pumping 
Stat ions 

0 
4 
0 
0 
0 
0 

4 

Crorroverr 

8 
2 
5 
1 
1 
2 

1 9  



Table 80 

CHARACTERISTICS OF OTHER KNOWN POINT SOURCES OF 
WATER POLLUTION IN THE KlNNlCKlNNlC RIVER WATERSHED: 1975 

Reported Maximum 
Monthly Hydraulic 

Discharge Rate 
(gallons per day)a 

144,000 

N /A  

1,026,000 

308,000 

108,000 

25,000 

99,000 

2,400 

4,800 

5,300 

1,200 

233,500 

3.200 

36.200 

N /A  

N /A 

N /A 

N /A 

967,600 

N IA  

20,400 

300 

120,500 
5,000 

481.000 
258.400 

176,000 

30,000 

450,000 

246,200 

465.000 

123,400 

Intermittent 

Intermittent 

Name 

MILWAUKEE COUNTY 
Allled Srnelt~ng 

Corporation 
Badger Die 

Casting Corporation 

Br~ggs & Stratton 
Corporat~on 

Caterp~llar 
Tractor Company 

Eaton 
Corporat~on 

Froedtert Malt 
Corpcration 

General Electr~c 
Company - 
D~shwasher and Djsposal 
Products Department 

General Electric 
Company- 
Medical Systems 
Dlvision 

General Electric 
Company - 
West Edgerton Avenue 

The Heil Company- 
Bulk Trailer 
Drv~sion (Tank) 

The Hell Company- 
Solid Waste Systems 
and Truck 
Equipment Dfvision 

Howmet Turb~ne 
Components 
Corporation 

Kurth Malttng 
Corporat~on- 
Plant No. 1 

Lad~sh Company 

Maynard Steel 
Casting Company 

Milwaukee County 
Park Commission- 
Holler Park 

Milwaukee County 
Park Commission- 
Jackson Park 

Standard 
Industrial 

Classification 
Code 

3341 

3369 

3714 

3531 

3462 

2083 

3639 

3829 

3713 

3713 

3324 

2083 

3462 

3325 

7999 

7999 

Civil 
D~vlsion 
Location 

C ~ t y  of 
West Allls 

Clty of 
Mflwaukee 

C ~ t y  of 
West Alhs 

Clty of 
Mtlwaukee 

Cjty of 
West Allis 

Vhllage of 
West M~lwaukee 

V~llage of 
West Milwaukee 

City of 
M~lwaukee 

C ~ t y  of 
Milwaukee 

C ~ t y  of 
Mtlwau kee 

C i t yo f  
Milwaukee 

City of 
Milwaukee 

Village of 
West Milwaukee 

C ~ t y  of 
Cudahy 

C ~ t y  of 
Milwaukee 

City of 
Milwaukee 

City of 
M~lwaukee 

Type of 
Wastewater 

Process and 
Coolcng 

Cooling 

Cooling 

Cooling 

Cooling 

Cool~ng 

Cooling 

Cooling 

Process 

Cooling 

Process 

Process, Cooling, 
and Boaler 
Blowdown 

Process. Cooling 
and Boiler 
Blowdown 

Coolbng 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling and 
Cooling Tower 
Blowdown 

Cooling 

Test and 
Cooling 

Test and 
Cooling 

Cooling 
Cooling 

Cooling 
Process and 

Cooling 
Process 

Cooling 

Cooling 

Cooling 

Cooling 

Process and 
Cooling 

Swimming 
Pool Overflow 
and Emptying 

Swimming 
Pool Overflow 

Outfall 
Number 

1 

1 

1 

3 

4 

5 

6 

5 

6 

13 

16 

1 

2 

1 

1 

2 

3 

4 

1 

1 

1 

2 

1 
14 

1 
2 

3 

3 

4 

2 

3 

1 

1 

1 

Known 
Treatment 

PH 
Adjustment 

None 

N IA  

N /A 

N /A 

N I A  

N /A  

NIA 

N /A  

N /A  

N IA  

011 
Separator 

N IA  

None 

N /A  

N /A  

N /A 

N /A 

None 

None 

N /A 

N/A 

None 

N /A  

None 
None 

Settling 
Pond 

None 

None 

N /A 

N/A 

Settling Bas~n, 
Lagoon and 
Chemical 
Precipitation 

None 

None 

Receiving 
Water Body 

S. 43rd Street Ditch 
v ~ a  Storm Sewer 

K~nnlckinnic River 

v ~ a  Storm Sewer 
S. 43rd Street Dltch 

via Storm Sewer 
S. 43rd Street D ~ t c h  
via Storm Sewer 

S. 43rd Street D ~ t c h  
via Storm Sewer 

S. 43rd Street D ~ t c h  
vla Storm Sewer 

S. 43rd Street D ~ t c h  
vla Storm Sewer 

K~nn~ck inn i c  R~ver  
v ~ a  Storm Sewer 

Kinnickinn~c Rlver 
vla Storm Sewer 

K~nn lck inn~c  River 
via Storm Sewer 

K~nn ick inn~c  R~ver  
via Storm Sewer 

S. 43rd Street D ~ t c h  
via Storm Sewer 

S. 43rd Street D ~ t c h  
via Storm Sewer 

S. 43rd Street D ~ t c h  
via Storm Sewer 

S. 43rd Street D ~ t c h  
via Storm Sewer 

S. 43rd Street D ~ t c h  
via Storm Sewer 

S. 43rd Street Ditch 
via Storm Sewer 

S. 43rd Street Ditch 
via Storm Sewer 

S. 43rd Street Ditch 
via Storm Sewer 

Holmes Avenue Creek 
via Storm Sewer 

Kinnick~nnic Rbver 

via Storm Sewer 
Ktnnickinnic River 
via Storm Sewer 

Kinnick~nnic R~ver  
Kinnickinnic River 

Kinnlcklnnic River 
Kinnickinnic R~ver  

Kinntckinnic River 

S. 43rd Street Ditch 
via Storm Sewer 

S. 43rd Street Ditch 
via Storm Sewer 

Wilson Park Creek 
via Storm Sewer 

Wilson Park Creek 
via Storm Sewer 

Kinnickinnic R~ver  

Holmes Avenue Creek 
via Storm Sewer 

Kinnickinnic River 
via Storm Sewer 

Reported Average 
Annual Hydraulic 

Discharge Rate 
(gallons per day la 

121.000 

43,500 

1.026.000 

308,000 

20,000 

25,000 

99.000 

1.000 

1.900 

4,300 

600 

128.800 

2,800 

19,900 

72,000 

34,000 

2,000 

1.000 

475,700 

300 

10,800 

300 

82.400 
1.000 

323,900 
201,400 

1 11,500 

20.000 

130,000 

176,600 

288,900 

1 10,400 

Intermittent 

Intermittent 



Table 80 (continued) 

NOTE: N/A indicates data n o t  available. 

Name 

Milwaukee County 
Park Commission- 
Kosciuszko Park 

Milwaukee County 
Park Commission- 
Wilson Park 

Milwaukee Solvay 
Coke Company 

Milwaukee Spring 
Company 

Milwaukee Waterworks- 
Howard Avenue Plant 

Murphy Diesel 
Company 

Oilgear 
Company 

Pelton Casteel, Inc. 

Perfex, Inc. 

Rexnord, Inc.- 
Nordberg 
Machinery Group 

Teledyne 
Wisconsin Motor 

Union Oil Company 
of California- 
General M~tchell Field 

Wehr Steel 
Company 

a Unless SPeCificall~ noted otherwise, data were obtained, i n  order of  priority, from: quarterly reports filed with the Wisconsin Department o f  Natural Resources under the Wisconsin 
Pollutant Discharge Elimination System or under Section 101 of the Wisconsin Administrative Code or from the Wisconsin Pollutant Discharge Elimination System permit itself. In  
some cases when 12 months of flow data were no t  reported, the average annual and maximum monthly hydraulic discharge rates were estimated from the available monthly discharge 
data o r  from the flow data as reported in the permit. 

Source: Wisconsin Department of  Natural Resources and SEWRPC. 

Standard 
Industrial 

Classification 
Code 

7999 

7999 

3312 

- -  

4941 

3519 

3561 

3325 

3433 

3532 

3519 

5170 

3325 

Reported Average 
Annual Hydraulic 

Discharge Rate 
(gallons per day)a 

Intermittent 

Intermittent 

2.1 20,800 

2,700,000 

78,000 

415.800 

5,500 

8,900 

6.200 

19,600 

1.000 

79,800 

130,000 

145,500 

246.600 

4,000 
52,700 

3.800 

22,500 

1,200 

8.500 

Intermittent 

182,000 

23.000 

31,000 

17,000 

Reported Maximum 
Monthly Hydraulic 

Discharge Rate 
(gallons per day)a 

lntermittent 

lntermittent 

3,158,100 

2,700,000 

N /A 

430.000 

5,800 

15.1 00 

12,400 

30,300 

2,000 

92,600 

140,000 

220,000 

300.000 

10.000 
77,500 

5,500 

30,000 

1,500 

14,000 

lntermittent 

239.000 

24,000 

50,000 

49.000 

Civil 
Division 
Location 

City of 
Milwaukee 

City of 
Milwaukee 

City of 
Milwaukee 

City of 
Milwaukee 

City of 
Milwaukee 

City of 
West Allis 

City of 
Milwaukee 

City of 
Milwaukee 

C ~ t y  of 
Milwaukee 

City of 
Milwaukee 

City of 
West Allis 

City of 
Milwaukee 

City of 
Milwaukee 

Receiving 
Water Body 

Kinnickinnic River 
via Storm Sewer 

Wilson Park Creek 
via Storm Sewer 

Kinnickinnic River 
via Storm Sewer 

Kinnickinnic River 
via Storm Sewer 

Kinnickinnic River 
via Storm Sewer 

Wilson Park Creek 
via Storm Sewer 

S. 43rd Street Ditch 
via Storm Sewer 

S. 43rd Street Ditch 
via Storm Sewer 

S. 43rd Street Ditch 
via Storm Sewer 

S. 43rd Street Ditch 
via Storm Sewer 

Kinnickinnic River 
via Storm Sewer 

Kinnickinnic River 
via Drainage Ditch 

Kinnickinnic River 
via Storm Sewer 

Kinnickinnic River 
via Storm Sewer 

Kinnickinnic River 
via Storm Sewer 

Kinnickinnic River 
Kinnickinnic River 
via Storm Sewer 

S. 43rd Street Ditch 
via Storm Sewer 

S. 43rd Street Ditch 
via Storm Sewer 

S. 43rd Street Ditch 
via Storm Sewer 

S. 43rd Street Ditch 
via Storm Sewer 

Wilson Park Creek 
via Storm Sewer 

S. 43rd Street Ditch 
via Storm Sewer 

S. 43rd Street Ditch 
via Storm Sewer 

S. 43rd Street Ditch 
via Storm Sewer 

S. 43rd Street Ditch 
via Storm Sewer 

Type of 
Wastewater 

Swimming 
Pool Overflow 

Swimming 
Pool Overflow 

Cooling, Process, 
and Boiler 
Blowdown 

Cooling, Process, 
and Boiler 
Blowdown 

Cooling 

Filter 
Backwash 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling 

Process and 
Cooling 

Test and 
Cooling 

Cooling, Process, 
and Boiler 
Blowdown 

Process and 
Cooling 

Process 
Process and 

Cooling 
Process and 

Cooling 
Process and 

Cooling 
Process and 

Cooling 
Process and 

Cooling 
Oil- 

Contaminated 
Storm Water 

Cooling 

Cooling 

Process 

Cooling 

Known 
Treatment 

None 

None 

None 

None 

N /A 

None 

None 

None 

None 

None 

None 

Settling Basin, 
Oil Separator, 
and pH 
Adjustment 

None 

None 

None 

None 
None 

N/A 

N /A 

N /A 

NIA  

Oil-Water 
Separator 

N IA  

N /A 

N /A 

N /A 

Outiall 
Number 

1 

1 

1 

2 

1 

1 

1 

2 

3 

4 

1 

1 

1 

1 

2 

3 
4 

1 

2 

4 

5 

1 

2 

3 

6 

7 



Map 50 Map 51 

SUITABILITY OF SOILS FOR RESIDENTIAL 
DEVELOPMENT WlTH PUBLIC SANITARY SEWER SERVICE 

IN THE KlNNlCKlNNlC RIVER WATERSHED 

LEGEND 

AREAS COVERED BY SOILS 
*AV.VING SEVERE 011 VERY 
SEVERE LIM1TAIIONS Foe 
RESIDENTIhL DEVELOPMENT 
W l T H  PUBLlC SAN#TARI 
SEWER SERVlCE 

Of particular importan- in comprehensive wster quality planning i s  the 
recognition of the limitations inherent in the roil resource bs .On ly  about 
24 Dercenf of the area of the Kinnickinnic River watershed has known roilr 
data Only s mal l  wrcenlager of ch a oorrlon are covered rr m rolls nhtch 
818 poorly su~ted 101 re$8dentlal awe opment ~ 8 t h  o.bl c ranown rener 
wwncs or more ureenssl,, n r  aent~sl development of an, ktnd These 90, r 
Which include wat roilr having a high water table or poor drainage, orgsnic 
mils which are poorly drained and prwids p w r  foundation support, and 
mils which have a flood hazard, are eswcially prevalent in the riverine areas 
of the water~hed 

SUITABILITY OF SOILS FOR SMALL LOT 
RESIDENTIAL DEVELOPMENT WITHOUT 

PUBLIC SANITARY SEWER SERVICE IN THE 
KlNNlCKlNNlC RIVER WATERSHED 

LEGEND 

AREAS COVERED BY SOILS 
HhVIVINO SEYERE OR VERY 
SEVERE LIMITATPONS FOR 
RESIDENTIbL DEVELOPMENT 
WlTH SEPTlC TANK 
SEW40E DISPOSAL ON LOTS 
LESS THAN ONE l C R E  
IN SIZE 

e.-s w..c 

L_-*-; .... 
Most of thB known portion of the Kinnickinnic River wateshsd is covered 
by nails pwr ly  suited for residential development on 10% having an ares 
wnsller than one acre and not nerved by public sanitary rewerage facilidm. 
Relianc8 on oeptic tank sewage dirporal systems in there areas, whlch are 
covered by relatively impswiour mil. or are lublecl to rsaronaNy high water 
tables, can only result in eventual malfunctioning of such w s m s  and the 
con~equent intensification of wafer pollution and public health problems in 
the watershed. 

Source: U. S Soil Con$sm#on SewimandSEWRPC 

Source; U. S. Soil Conservation Service end SEWRPC. 

Pollution Loadings 
A summary of the estimated average annual pollution 
loadings in the Kinickinnic River watershed is presented 
in Table 81  and depicted in Figure 32. Urban sources of 
pollution are est&ted to contribute 94 percent of the 
nitrogen, 99 percent of the phosphorus, 99 percent 
of the biochemical oxygen demand, 100 percent of 
the fecal coliform, and 98 percent of the sediment 
which occur as water pollutants in the Kinnickinnic 
River watershed. Of the urban contribution, point 
sources of pollution are estimated to contribute 37 per- 

cent of the nitrogen, 63 percent of the phosphorus, 
68 percent of the biochemical oxygen demand, 98 percent 
of the fecal colifonn, and 10 percent of the sediment. 
Diffuse sources-including the estimated septic tank 
and construction-related contributions in the drainage 
area-account for the remainiig 63 percent of the 
nitrogen, 37 percent of the phosphorus, 32 percent 
of the biochemical oxygen demand, 2 percent of the 
fecal coliform, and 90 percent of the sediment con- 
tributed from urban sources. 



Map 52 MENOMONEE RIVER WATERSHED 

SUITABILITY OF SOILS FOR LARGE LOT 
RESIDENTIAL DEVELOPMENT WITHOUT 

PUBLIC SANITARY SEWER SERVICE IN THE 
KINNICKINNIC RIVER WATERSHED 

LEGEND 

Detailed soils information is available for only about six square miles, or 
about 24 p~rcent of the total area of the Kinniskinnie River wamrrhsd. 
Lean than one-half of the arm of the Kinnickinnic River watershed for 
which detailed mils date in available ir covered bv soils poorlv suited for 
residentid dsveiopmeot on lots having an ares of one acre or more and not 
sewed by public sanitary rewerags facilities. The inherent limitations of 
these mils for septic tank sewage disporal systems cannot be overcome 
simply by the provision of larger lots, and the use of rush rvrte ir  on these 
soils. which cannot abrorb the m w w  effluent, ultimately results in surface 
ponding and runoff of partially treated warren Into nearby watercourses. 

Source: U. S. Soil Conrenation Sewice and SEWRPC. 

Rural pollution sources are estimated to contribute 
the remaining 6 percent of the nitrogen, 1 percent of 
the phosphorus, 1 percent of the biochemical oxygen 
demand, and 2 percent of the sediment which occur as 
water pollutants in the watershed. As noted, none of the 
estimated pollutant loading is associated with domestic 
livestock feeding operations. All of the estimated rural 
pollution load is estimated to be contributed by other 
rural diffuse sources, namely storm water runoff and 
atmospheric loadings to surface waters. 

The Menomonee River watershed is a natural surface 
water drainage unit 135.9 square miles in areal extent 
located in the easkentral portions of the Region. The 
boundaries of the basin, together with the locations of 
the main channels of the Menomonee River and its 
principal tributaries, are shown on Map 53, along with 
the locations of the known point sources of pollution 
and the generalized land uses as of 1975. The main stem 
of the Menomonee River originates in the Village of 
Germantown in Washington County and discharges to 
Lake Michigan through the Milwaukee Harbor in down- 
town Milwaukee. About 42 percent of the total area 
of the watershed is still in rural land uses, with about 
79 percent of this rural area in agricultural use. Most 
of the agricultural-related land use is located in the 
northern half of the watershed. Table 82 sets forth the 
extent and proportion of the major land cover categories 
within the watershed as they relate to water quality 
conditions in 1975. 

The soils within the Menomonee River watershed are 
rolling silt loams or gravelly loams. Most of the natural 
soils are relatively fertile and would produce high crop 
yields if managed correctly. Sediment discharges from 
these soils may result in high nutrient levels in stream 
waters. Where urbanization has occurred, artificial fill 
materials and paved surfaces have modified the natural 
character of the soils with regard to drainage and fertility. 

Particularly important to comprehensive water quality 
management planning are the soil suitability interpreta- 
tions for specified types of urban development. Detailed 
soils data are available for 115 square miles, or 85 per- 
cent, of the Menomonee River watershed. Based upon the 
interpretations of the soil properties, about 20 percent 
of the watershed for which soils data are available is 
covered by soils that have severe or very severe limita- 
tions for residential development with public sanitary 
sewer service, as shown on Map 54; about 80 percent of 
the watershed for which soils data are available is covered 
by soils that have severe or very severe limitations for 
small lot (less than one acre in size) residential develop- 
ment without public sanitary sewer, as shown on Map 55; 
and about 44 percent of the watershed for which soils 
data are available is covered by soils that have severe or 
very severe limitations for large lot (one acre or larger in 
size) residential development, as shown on Map 56. 

Municipal and Private Sewage Treatment Facilities 
In 1975, a total of 14 sanitary sewerage systems or 
uortions thereof served a total area of about 72.3 square 
miles within the Menomonee River watershed, or about 
53 percent of the total area of the watershed, and a total 
population of about 319,100 persons, or approximately 
95 percent of the total resident population of the water- 
shed. Three municipally owned sewage treatment plants 
are located in the watershed. All three plants, the Village 
of Germantown Old Village Plant and the two plants 
which serve the Village of Menomonee Falls, discharge 
treated effluents directly to the main stem of the Meno- 



Table 81 

SUMMARY OF ESTIMATED AVERAGE ANNUAL POLLUTANTS LOADINGS I N  THE KlNNlCKlNNlC RIVER WATERSHED: 1975 

Extenta parameter Source Extenta Parameter Loadlng Percent 

( Urban PonlSourcei 
Mun~coa l  Sewag~Tr~atmenr  Plants 0 Total Ntrrogen 

0 Total Phorphorur 
0 "8~chcmlcal ox\'ilen Demand 
0 Fecal CaI8form 
0 Scd~menf 

88mhem8ca DXVL D m m d  
Fecal Colform 
Sedxment 

1 Urban Source Totals Tot81 Nttragen 159,340.0 93 9 
Total Phorphorur 56.280 0 99.0 
B~ochem8cal Oxygen Demand 1.762.480.0 98 6 
Fecal Col8form 

1 1 2 :  1 0 Toral N~trogen 
0 Tole1 Phoipho."~ 
0 6ochemcal Oxygen Demand 
0 Fecal co1,torm 

23 Total hmtorgen 
23 TaTal Pharphorui 
23 B#ochem,ca Oxygen Oemand 
23 Fecal Col!forn 

0 Total N,trogen 
Total Phorphorur I 1880chem8cal Oxvgen Demand 1 Fecal Collform 

1 Sanitary Sewer Flow Rrlmei Duvlrer 

30 Total Ntrogen 15.190.0 9 0 Cropland, Pasture. and Unused 

30 Total Phosphorus 13.750 0 24.2 1797 Taral Nitrogen 10.0100 5.9 

29 Taral Nlrrogen 
29 T o l a  P I I U I P ~ O ~ Y S  

29 Bochemical Oxygen Demand 
29 Fecal Col8form 

30 
30 
30 

Total N~trogen 
Taral Phorphorur 
Btochemcal Oxygen D ~ m s n d  
Fecal Coiform 
Sedment 

AIT P O I I U ~ ~ Y ~ I  to Surface water 
20 0 

Sedtment 

?#mhemical Oxygen Demand 
Fecal CoI8form 
Sediment 

Total Ntragen 10.340.0 

Blochrmlcal oxygen Demand 
Fecal Colfarm 
Sedmen! 845.0 

7559 Total Nitrogen 
7559 Tora Pharohorus 
7559 88ochemtcal Oxygen Demand 
7559 Fecal Col8farm 
7559 Sedlmenf 

763.240.0 
0 0 

3.840 0 

Diffuse Source Total8 Total Nrorgen 

Fecal Cal8form 
Sedlmenf 

1239 Total Nmtrosen 
1239 Total Phoipharui 
1239 Boch~m8caI Oxygen Demand 
1239 Fecal C018form 
1239 Scd~ment 

42 7 
0.0 
8 8 

Total Nitrogen 
Torsi Phorphorils 
Bachem,cal Oxygen Demand 
Fecal Coliiarm 
Sedment 

Total Nitrogen 
Total Phor~harur 
Blochemlcal oxygen Demand 
Fecal Colform 
Srdment 

~ a t a i  Sourrer T O W  ~ , t r o g e n  159.8800 l o 0 0  
Total Phosphorus 56.850.0 1 0 0 0  
Bochemrcal Oxygen Demand 1.786.930.0 100.0 
Fecal Coltform 143,161,9960 100.0 
Sedjment 43.505.0 100 0 

Rural Land . . . 

bLoads presented m pounds per year. except for fecal coliform presented m counts x 108per year, and sediment pre- 
senfed m tons per year 

Source: SEWRPC. 

Total Nitrogen 
Total Phorphorur 
Bochemcal oxygen D ~ m a n d  
Fecal C o f o r m  
Sedment 

1797 
1797 
1797 
1797 

Total N,,r09en 
Toral Phosphorus 
Blachem~cal Oxygen Demand 
Fecal Collform 
Sedmmenr 

Total Nrrogen 
Total Phosphorus 
Blochemlcal oxygen Demand 
Fecal Colform 
Sediment 

Total Phosphorus 
B~ochem~ca Oxygen Demand 
Fecal.Cal~form 
Sedlmenf 

Toral Nttrogen 
Total Phorphorui 
Blochemlcal oxygen Demand 
Fecal Colform 
Sediment 

5 5 0 0  
19.340.0 

0.0 
830 0 

1.0 
1.1 
0 0 
1 9  



Source: SEWRPC. 
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Map 53 

THE LOCATION. BOUNDARIES, AND MAJOR STREAMS OF THE MENOMONEE RIVER WATERSHED- 
SHOWING POINT SOURCES OF POLLUTION AND GENERALIZED LAND USES: 1975 

The Menomonee River watershed ir about 136 square miles in areal extent. or about 5percent of theroial ares of the Region. The water quality in the watershed 
is affected by the various land urer as w l l  a$ by the three public wastewater treatment plants, 166 flow relief devices, and 49 other point rourcer of wastewater 
8s shown. 

Source: SEWRPC. 



SUITABILITY OF SOILS FOR RESIDENTIAL DEVELOPMENT WITH 
PUBLIC SANITARY SEWER SERVICE I N  THE MENOMONEE RIVER WATERSHED 

Of particular importance in mmprehenPivs water qualirv planning i r  the recognition of the limitations inherent in the aoil resource bass ssIenriol t o  the round urban 

and rural develwmsnt of the watershed. About 20 percent o f the  Menornonee River watsnhed is cwered by roils which are p w r l v  suited for  raridsntial devslop- 
ment with public sanitary mwr ,  or more precisely. residential development of any kind. There roils, whieh include wet soils having a high Water table or Poor 
drainage. oraanic roils which are poorly drained and provide poor foundation support, and soils which have a flood hazard, are espeeiallv prevalent in the riverins 
area5 of the wsteshsd. 

Source: U. S So;/ Cenremtion Service and SEWRPC. 
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Map 55 

SUITABILITY OF SOILS FOR SMALL LOT RESIDENTIAL DEVELOPMENT WITHOUT 

PUBLIC SANITARY SEWER SERVICE IN THE MENOMONEE RIVER WATERSHED 

LEGEND 

AREAS COVERED BY S01LS 
HAVIWO SEVERE OR VERY 
SEVERE LIMITATIONS FOR 
RESIDENTIbL DEVELOPMENT 
W4TH SEPTIC ThNK 
SEWAGE DISPOSAL ON LOTS 
LESS THAN ONE ACRE 
IN SIZE 

Approximately 81 percent of the Menornonee R i i r  watershed is covered by soils poorly suited for residential development on lot$ having an area smaller than one 
acre and not served by public sanitary snsrage f~ i l l r le r .  Reliance on septic tank sewage disposal ryrtemr in thew, areas, whish are s m n d  by relatively irnperviour 
soil* or a n  subject m masonally high water teles, can only result in eventual malfunctioning of such WSmrns and the conraquent lntenrifiunion of wdtor polivtion 
and public haalm pmblemr in the watershed. 

Sourn: 0. S Soil CM~ervstiom Servia, and SEWRPC. 



Map 56 

SUITABILITY OF SOILS FOR LARGE LOT RESIDENTIAL DEVELOPMENT WITHOUT 
PUBLIC SANITARY SEWER SERVICE I N  THE MENOMONEE RIVER WATERSHED 

BY SOlLS 
OR VERY 

INON5 FOR 
VELOPMENT 
AN% 
.OTS ONE 

IN SlZE 

Approximately 44 percent of the Menomonee River watershed is covered by soils poorly suited far residential development on lot5 having an area of one acre or 
more and not served by public sanitary rewage facilities. The inherent limitations o f  there soils for septic tank sewage disposal systems cannot be overcome 
simply by the provirion of l a ~ r  lots, and the u s  of such systems on there $oil$, which cannot abporb the rewsge effluent. ultimately result9 in surface pmding and 
runoff of parriallv treated wsstes into nearby watercourses. 

Source: U. S. Soil Con$emation Service and SEWRPC. 



Table 82 

AREAL EXTENT OF WATER QUALITY-RELATED LAND 
COVER IN THE MENOMONEE RIVER WATERSHED: 1975 

a These special land cover categories, defined primarily according to  their 
imperviousness and vegetative cover characteristics and effects on the 
quality of storm water runoff, were delineated at a scale o f  1" = 400'on 
aerial photographs taken in May 1975 and were measured to the nearest 
full acre, using dot-counting overlays. The total acreages measured within 
hydrologic subbasins were then adjusted to the preliminary control totals 
measured by digitizer from base maps o f  hydrologic subbasins at a scale of 
I " =  2000: Both the 'square mi1es"and the 'percent"shown above were 
then computed and rounded to the nearest hundredth 10.01) of a percent. 
The final control total for the Menomonee River watershed is indicated 
on Map 53.. 

Land covera 

Urban 
Residential . . . . . . . . . . . . . . . .  

b Commercial . . . . . . . . . . . . . . .  
l ndustrial 

Manufacturing . . . . . . . . . . . . .  
Landfills and Dumps . . . . . . . . .  

Extractive . . . . . . . . . . . . . . . . .  
Transportation 

Streets and Highways. . . . . . . . .  
Airfields . . . . . . . . . . . . . . . .  
Railroad Yards and Terminals. . . .  

Recreation 
Golf Courses. . . . . . . . . . . . . .  
Parks and Other Recreation . . . . .  

Land Under Development 
~esidential . . . . . . . . . . . . . .  
Commercial . . . . . . . . . . . . . .  
Industrial . . . . . . . . . . . . . . . .  
Transportation . . . . . . . . . . . .  
Recreation . . . . . . . . . . . . . . .  

Rural 
Agricultural 

Small Grains. . . . . . . . . . . . . .  
Hay . . . . . . . . . . . . . . . . . . .  
Row Crops. . . . . . . . . . . . . . .  
Specialty Crops . . . . . . . . . . . .  
Sod Farm . . . . . . . . . . . . . . .  

. . . . . . . . .  Other Open spaced. 
Silvicultural 

Woodlands. . . . . . . . . . . . . . .  
Orchards and Nurseries. . . . . . . .  

Natural and Man-Made Water Areas- 
Subject t o  Atmospheric 
Pollutant Contributions 

Ponds, Lakes, and Streams. . . . . .  
Wetlands, Swamps, and Marshes. . .  

Total 

Includes: retail, communication, utilities, administrative, and institutional 
land uses. 

Based on 1975 total residential lands, adjusted by the 1970 ratio between 
residential lands and residential lands under development. 

Square 
Miles 

36.1 2 
7.76 

3.51 
0.46 
0.59 

17.54 
0.58 
1.96 

1.84 
4.33 

3.01 
0.03 
0.75 
- -  
- -  

3.70 
6.76 
13.45 
3.67 
0.14 
17.97 

6.53 
0.75 

0.73 
3.99 

136.17 

Includes: pasture, unused urban and rural lands. 

Source: U. S. Department o f  Agriculture, Soil Conservation Service and 
Agricultural Stabilization and Conservation Service; County Soil 
and Water Conservation Districts; University o f  Wisconsin-Extension 
Service; and SEWRPC. 

Acres 

23.1 12 
4,968 

2,247 
296 
378 

11,227 
372 

1,256 

1 ,I 77 
2,774 

1,926 
21 
481 
- -  
- -  

2,365 
4,329 
8,610 
2,346 

88 
11,502 

4.1 79 
481 

469 
2,552 

87,156 

monee River. Selected information for these municipal 
sewage treatment plants is set forth in Table 83, and the 
plant locations are shown on Map 53. Included in this 
sanitary sewer service area are about 8.4 square miles, or 
about 6 percent of the watershed area, and an estimated 
total of about 68,500 persons, or about 20 percent of 
the resident population of the watershed, which were Percent 

26.52 
5.70 

2.58 
0.34 
0.43 

12.88 
0.43 
1.44 

1.35 
3.18 

2.20 
0.02 
0.55 

2.71 
4.96 
9.88 
2.69 
0.10 
13.20 

4.79 
0.55 

0.54 
2.93 

100.00 

served by combined storm and sanitary sewers. There are 
no known privately owned wastewater treatment facilities 
discharging to the stream system of the Menomonee 
River watershed. 

Sanitary Sewerage System Flow Relief Points 
In 1975 there were 26 combined sewer outfalls and 
140 known sanitary sewer flow relief devices in the 
watershed, as listed in Table 84 and shown on Map 53. 
Of the latter, 7 were sanitary sewerage system bypasses; 
28 were relief pumping stations; 32 were portable pump- 
ing stations; and the remaining 73 were crossovers. Of 
the 166 flow relief devices and combined sewer out- 
falls, 106 discharge directly to  the main stem of the 
Menomonee River; 36 discharge directly to  Honey 
Creek; 15  discharge directly to  Underwood Creek; 
6 discharge directly to Burnham's Canal Branch; 2 dis- 
charge directly to  South Menomonee Canal Branch; 
and 1 discharges directly to  Butler Ditch. 

Other Known Point Sources 
A total of 48 other known ~ o i n t  sources of pollution 
were identified in the watershed in 1975. ~ h e s e  other 
point sources consisted primarily of 78 outfalls through 
which industrial cooling, process, rinse, and wash waters 
were discharged directly or indirectly to the surface water 
system. Of these, 37 were identified as discharging only 
cooling water. The remaining 41 were discharging other 
types of wastewaters. Industrial wastewater enters the 
Menomonee River and its major tributaries directly 
through industrial waste outfalls or indirectly through 
drainage ditches and storm sewers. Table 85 summarizes 
by receiving stream and civil division the characteristics 
of these other point sources, and Map 53 shows their 
locations. Ten of these other point source outfalls dis- 
charge directly to the Menomonee River main stem; 
30 discharge indirectly to  the Menomonee River; 37 dis- 
charge to tributaries of the Menomonee River; and the 
remaining outfall utilizes a soil absorption system. 

Privately Owned Onsite Sanitary Wastewater Treatment 
In addition to  being provided through centralized sani- 
tary sewerage se&' within the watershed, sanitary 
wastewater treatment and disposal is provided through 
approximately 7,819 privately owned onsite sewage dis- 
posal systems consisting of 4,325 septic tanks, 55 holding 
tanks, and 1 mound system. These systems serve a total 
resident population of about 17,800 persons, or about 
5 percent of the total resident population of the water- 
shed. Of this total, about 13,200 persons, or about 
74 percent, resided in concentrated areas of urban devel- 
opment having at least 32 housing units in a U. S. Public 
Land Survey quarter section. These scattered quarter 
sections of urban land use concentration totaled about 
10.4 square miles of urban land use, or slightly more than 
8 percent of the total area of the watershed. 



Table 83 

SELECTED CHARACTERISTICS OF MUNICIPAL SEWAGE TREATMENT PLANTS IN THE MENOMONEE RIVER WATERSHED: 1975 

a Auxiliary treatment for disinfecrion ,s provided a t  a l l  frearmenr plants 

Name 

V8llage of Germantown 
Old Village Plant 

Village of 
Menomonea Falls 
Pilgrim Road Plant 

Village of 
Menornonee Falls 
L8lly Road Plant 

The population design CaPaclty for a given sewage treatment facrlify was obrarned d~recr ly  from engsneermg reportrpreparedbv o r  for the /oca/un,f ofgovernment operatrng the facdrty andreflecm assumptionr made b y  the 

desrgn engineer The popularion equivalent dertgn capacrry was errrmated b y  rhe Comm,rrron staff by  d ~ i d i n g  che deagn BOD loading m pounds per day, as set forth ,n rhe engmeering ,eporrs, b y  an esbmaredper capira 
contribution of  0.21 pound o f  BO05per day. I f  rhe design engrneer arrumed a different daily per capira conrnbur,on o f  BODF ch5e population equivalent design capacrry wdl differ from rhe population design capacity shown 
m the table. 

Source: SEWRPC. 

Table 84 
KNOWN SANITARY SEWERAGE SYSTEM FLOW RELIEF DEVICES IN THE 

MENOMONEE RIVER WATERSHED BY RECEIVING STREAM AND CIVIL DIVISION: 1975 

Total 
Area 

Served 
irsuare miles1 

1.88 

6.1 7 

Source: SEWRPC. 

212 

Estimated 
Total 

Population 
Served 

4,600 

20,400 

Receiving 
Stream 

Burnham's Canal 
Branch 

South Menomonee 
Canal Branch 

Menornonee River 

Menomonee River 

Menornonee River 

Butler Ditch 

Underwood Creek 

Underwood Creek 

Honey Creek 

Menornonee River 

Honey Creek 

Underwood Creek 

Subtotal 

Honey Creek 

Total 

Civil 
Division 

City of 
Milwaukee 

City of 
Milwaukee 

City of 
Milwaukee 

City of 
Wauwatosa 

Village of 
Butler 

City of 
Brookfield 

City of 
Brookfield 

City of 
West Allis 

City of 
West Allis 

Village of 
Menomonee Falls 

City of 
Wauwatosa 

City of 
Wauwatosa 

- 

City of 
Milwaukee 

- 

Date of 
Canrrruction 
and Major 

Mod8flcatlan 

1956.1973 

1954. 1961, 
1973.1975 

1969. 1973 

Combined 
Sewer 

Outfalls 

6 

2 
18 

0 

0 

0 

0 

0 

0 

0 

0 

0 

26 

0 

26 

Type 
of 

~ r e a f m e n t ~  

Activated 
Sludge 

Phorpharur 
Removal 

Trlckllng Ftlter 
and Activated 
Sludge -. 

Phosphorus 
Removal 

Acr~vated 
Sludge. and 
Flow-Through 
Lagoon 
Pharphorur 

Removal 

~ o ~ u l a t o a n ~  

10,000 

Exist~ng Loading 

Level of 
Treatment 
provideda 

Secondary 

Advanced 

Secondary 

Advanced 

Secondary 

Advanced 

Capacity 

Average 
Organic 

ipoundsper 

BOD5 per day) 

1.700 

Average 
Hydraulic 

imgdl 

0.80 

Total 

6 

2 
45 

41 

2 

1 

2 

5 

18 

18 

12 

8 

160 

6 

166 

Crossovers 

0 

0 
26 

29 

0 

0 

0 

0 

3 

5 

5 

0 

68 

5 

73 

D\rporal 
of 

Effluent 

Menomonee River 

Menomonee River 

Menomonee Rrver 

N I A  

N IA  

Average 
Hydraulic 

imgdl 

1.0 

~ o p u l a t ~ o n ~  
Equivalent 

8.100 

Average 
Per 

Caplta 

igpdl 

174 

Design 

Peak 
Hydrauilc 

lmgdl 

3.0 

935 

1.700 

Other Flow 

Bypasses 

0 

0 
I 

1 

2 

0 

0 

0 

0 

0 

3 

0 

7 

0 

7 

1 9 

1.0 

4'450 1 :: 1 107 1 
8.100 

- 

2.5 

2 0  

Relief Devices 

Relief 
Pumping 
Stations 

0 

0 
0 

1 1  

0 

0 

0 

0 

0 

4 

4 

8 

27 

1 

28 

Portable 
Pumping 
Stations 

0 

0 
0 

0 

0 

1 

2 

5 

15 

9 

0 

0 

32 

0 

32 



Table 85 

CHARACTERISTICS OF OTHER KNOWN POINT SOURCES OF WATER POLLUTION IN THE MENOMONEE RIVER WATERSHED: 1975 

Name 

MILWAUKEE COUNTY 
Allis Chalmers 

Corporation 
AMF, Inc.- 

Harley Davidson 
Motor Company 

'Babcock and Wilcox- 
Tubular Products 
Division 

Briggs & Stratton 
Corporation 

Butler Lime and 

Cement Company 
Center Fuel 

Company 
Chicago, Milwaukee, 

St. Paul & Pacific 
Railroad Company 

Chicago & North 
Western Railroad 

Chris Hansen's 
Laboratory. Inc. 

Falk Corporation- 
Research and 
Development 

Falk Corporation- 
Plant No. 2 

Falk Corporation- 
Plant No. 1 

Federal 
Malleable Company 

Grede Foundries, Inc.- 
Liberty Foundry 

Grey Iron 
Foundry, Inc. 

Harnischfeger 
Corporation 

Hentzen Chemical 
Coatings, Inc. 

Inryco, Inc. 

Kearney & Trecker 
Corporation 

Marquette 
University 

Miller Brewing 
Company 

Standard 
Industrial 

Classification 
Code 

3523 

3751 

3312 

3519 

3273 

2911 

4013 

4013 

2869 

3566 

3566 

3566 

3322 

3321 

3321 

3536 

2851 

3444 

3540 

8221 

2082 

Reported Maximum 
Monthly Hydraulic 

Discharge Rate 
(gallons per dayla 

140,000 

50,000 

900,000 

25,000 

2,300 

Intermittent 

418,500 

7,000 

7,500 

63,000 

33.000 
1 1.000 

20,000 
26,000 

4,000 

126,000 

36,000 

80,000 

270,000 

1 1.500 

40.300 

53.000 

18,000 

39 1.000 

56,000 
56,000 

441,000 

10.000 

14.000 

49,000 

5,000 

21 1.000 

127,000 

N /A 

7,200 

86,400 

3 1,000 

1,420,800 

346,000 

Civil 
Division 
Location 

City of 
West Allis 

City of 
Wauwatosa 

Village of 
West Milwaukee 

City of 
Wauwatosa 

City of 
Milwaukee 

City of 
Milwaukee 

City of 
Milwaukee 

Village of 
Butler 

City of 
West Allis 

City of 
Milwaukee 

City of 
Wauwatosa 

City of 
Milwaukee 

City of 
West Allis 

City of 
Wauwatosa 

City of 
West Allis 

City of 
Milwaukee 

City of 
Milwaukee 

City of 

Milwaukee 
City of 
West Allis 

City of 
Milwaukee 

City of 
Milwaukee 

Type of 
Wastewater 

Process 

Process and 
Cooling 

Cooling 

Cooling 

Process 

Runoff 

Process 

Process 

Process 

Cooling 

Cooling 
Process and 

Cooling 
Cooling 
Cooling 

Cooling 

Process and 
Cooling 

Process and 
Cooling 

Process and 
Cooling 

Process and 
Cooling 

Cooling 

Cooling 
and Boiler 
Blowdown 

Cooling 

Cooling 

Process and 
Cooling 

Cooling 
Cooling 
Process and 

Cooling 
Cooling 

Process 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling 
and Steam 
Condensate 

Cooling and 
Drainage 

Cooling 

Cooling 

Cooling and 
Drainage 

Cooling 

Known 
Treatment 

N /A 

Settling Pond, 
Oil Separator. 
Oil Skimmer, 
and pH 
Adjustment 

Oil Separator 

Settling Basin 
and Oil 
Separator 

None 

Oil and Water 
Separator 

Oil Separator 

Oil Separator 

Oil and Water 
Separator 

None 

N /A 
N/A 

N /A 
N /A 

N /A 

N/A 

N/A 

N/A 

N/A 

None 

None 

None 

None 

N/A 

N/A 
N/A 
N/A 

N/A 

N /A 

None 

None 

NIA 

None 

None 

None 

None 

None 

None 

None 

Outfall 
Number 

1 

2 

1 

1 

1 

1 

1 

2 

1 

1 

3 
4 

5 
1 

2 

1 

3 

4 

5 

1 

2 

1 

2 

1 

2 
3 
1 

2 

3 

1 

2 

3 

1 

1 

1 

2 

3 

4 

5 

Receiving 
Water Body 

Menomonee River 
via Storm Sewer 

Tributary of the 
Menomonee River 

Menomonee River 
via Storm Sewer 

Menomonee River 
via Storm Sewer 

Menomonee River 
via Storm Sewer 

Little Menomonee River 
via Storm Sewer 

Menomonee River 
via Drainage Ditch 

Menornonee River 
via Drainage Ditch 

Menomonee River 
via Drainage Ditch 

Honey Creek 
via Storm Sewer 

Menomonee R~ver 
Menomonee River 

Menomonee River 
Tributary of the 

Menomonee River 
Tributary of the 

Menornonee River 
Menomonee River 

Menomonee River 

Menomonee River 

Menomonee River 

Honey Creek 
via Storm Sewer 

Honey Creek 
via Storm Sewer 

Menomonee River 
via Storm Sewer 

Menomonee River 
via Storm Sewer 

Honey Creek 

Honey Creek 
Honey Creek 
Menomonee River 
via Storm Sewer 

Menomonee River 
via Storm Sewer 

Menomonee River 
via Storm Sewer 

Little Menomonee River 
via Storm Sewer 

Little Menomonee River 
via Storm Sewer 

Menomonee River 

via Storm Sewer 
Underwood Creek 
via Storm Sewer 

North Menomonee Canal 
via Storm Sewer 

Menomonee River 
via Storm Sewer 

Menornonee River 
via Storm Sewer 

Menomonee River 
via Storm Sewer 

Menomonee River 
via Storm Sewer 

Menomonee River 
via Storm Sewer 

Reported Average 
Annual Hydraulic 

Discharge Rate 
(gallons per day)a 

70,000 

40,000 

825,000 

25.000 

1,700 

Intermittent 

316,800 

3,000 

300 

50,000 

30,000 
8.000 

17,000 
21.000 

4,000 

121,100 

23.000 

41,000 

243,000 

9,500 

26.600 

45.000 

15,000 

370,000 

52,000 
52,000 

360,000 

6.000 

14,000 

49.000 

5,000 

21 1.000 

121.900 

56.000 

7,100 

86,400 

31,000 

1,328,400 

224,000 



Table 85 (continued) 

Reported Maximum 
Monthly Hydraulic 

D~scharge Rate 
(gallons per dayla 

N /A 

Intermittent 

lntermittent 

Intermittent 

Intermittent 

Intermittent 

1,900 

1,800 

1,800 

N /A 

120,000 

101.000 

20,000 

N /A 

26,000 

180,000 

7.300 

36.200 

4,000 

2.100 

20,000 

27,000 

12,000 

650,400 

1,900 

Intermittent 

N /A 

N/A  

80,000 

78,467,700 

77,351.600 

Reported Average 
Annual Hydraulic 

Discharge Rate 
(gallons per dayja 

67,000 

Intermittent 

lntermittent 

Intermittent 

Intermittent 

Intermittent 

1,900 

1,800 

1,800 

4,600 

119,000 

101.000 

18,000 

1.000 

21,000 

159.000 

6,600 

29.800 

3,500 

1,700 

18,200 

24,800 

1 1.000 

51 1,600 

1,000 

Intermittent 

10.000 
t o  50,000 

4,000 

62,000 

73,510.100 

69,288,400 

Name 

Milwaukee County 
Institutions 
Power Plant 

Milwaukee County 
Park Commission- 
Greenfield Park 

Milwaukee County 
Park Commission- 
Hoyt Park 

Milwaukee County 
Park Commission- 
Madison Park 

Milwaukee County 
Park Commission- 
McCarty Park 

Milwaukee County 
Park Commission- 
Washington Park 

Milwaukee Marble 
Company 

Mobil Oil 
Corporation- 
Lubrication Plant 

Motor Casting 
Plant No. 1 

Motor Casting 
Plant No. 2 

Perlick Company, Inc. 

Rexnord, Inc.- 
West Milwaukee 
Facility 

Robert A. Johnston 
Company 

Safeway 
Wash-A-Car, Inc. 

Union Oil of 
California- 
N. 107th Street 

Western Metal 

Specialty Division- 
Western Industries, Inc. 

West Shore Pipe 
Line Company 

Wisconsin Electric 
Power Company- 
Heating System 

Wisconsin Electric 
Power Company- 
Valley Plant 

Standard 
Industrial 

Classification 
Code 

4911 

7999 

7999 

7999 

7999 

7999 

3281 

2992 

3321 

3321 

3585 

3566 

2066 

7542 

291 1 

3449 

N/A 

4911 

491 1 

Civil 
Division 
Location 

City of 
Wauwatosa 

City of 
West Allis 

City of 
Wauwatosa 

City of 
Wauwatosa 

City of 
West Allis 

City of 
Milwaukee 

City of 
Milwaukee 

City of 
Milwaukee 

City of 
West Allis 

Ctty of 
Milwaukee 

City of 
Milwaukee 

Village of 
Viest Milwaukee 

City of 
Milwaukee 

City of 
West Allis 

City of 
Milwaukee 

City of 
Wauwatosa 

City of 
Milwaukee 

City of 
Milwaukee 

City of 
Milwaukee 

Type of 
Wastewater 

Process and 
Cooling 

Swimming Pool 
Overflow and 
Drainage 

Sw~mming Pool 
Overflow and 
Drainage 

Swimming Pool 
Overflow and 
Drainage 

Swimming Pool 
Overflow and 
Drainage 

Swimming Pool 
Overflow and 
Drainage 

Process 

Process 

Process 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling 

Process 

Process and 
Cooling 

Process and 
Cooling 

Cooling 

Cooling 

Cooling 

Process and 
Cooling 

Cooling 

Process and 
Cooling 

Cooling 

Process 

Runoff 

Cooling 

Process 

Steam 
Condensate 
and Seepage 

Cooling. Boiler 
Blowdown, 
and Drainage 

Cooling. Boiler 
Blowdown, 
and Drainage 

Known 
Treatment 

None 

None 

None 

None 

None 

None 

None 

None 

None 

Oil and Water 
Separator 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

Catch Basin 

Oil and Water 
Separator 

None 

Oil and Water 
Separator 

None 

None 

None 

Outfall 
Number 

1 

1 

1 

1 

1 

1 

1 

2 

3 

1 

1 

2 

1 

1 

1 

2 

3 

4 

5 

6 

7 

8 

9 

3 

1 

1 

1 

1 

1 

1 

2 

Receiving 
Water Body 

Menomonee River 
via Drainage Ditch 

South Branch of 
Underwood Creek 
via Storm Sewer 

Menomonee River 
via Storm Sewer 

Menomonee River 
via Storm Sewer 

Honey Creek 
via Storm Sewer 

Menomonee River 
via Storm Sewer 

Menomonee Canal 
via Storm Sewer 

Menomonee Canal 
via Storm Sewer 

Menomonee Canal 
via Storm Sewer 

Menomonee River 
via Storm Sewer 

Woods Creek 
via Storm Sewer 

Woods Creek 
via Storm Sewer 

Honey Creek 
via Storm Sewer 

Little Menomonee River 
via Storm Sewer 

Woods Creek 
via Storm Sewer 

Woods Creek 
via Storm Sewer 

Woods Creek 
via Storm Sewer 

Woods Creek 
via Storm Sewer 

Woods Creek 
via Storm Sewer 

Woods Creek 
via Storm Sewer 

Woods Creek 
via Storm Sewer 

Woods Creek 
via Storm Sewer 

Woods Creek 
via Storm Sewer 

Menomonee River 
via Storm Sewer 

Honey Creek 
via Storm Sewer 

Little Menomonee River 
via Drainage Ditch 

Menomonee River 
via Storm Sewer 

Menomonee River 

Menomonee River 

South Menomonee 
Canal 

South Menomonee 
Canal 



Table 85 (continued) 

NOTE: N/A indicates data n o t  available. 

a Unless specifically noted otherwise, data were obtained, i n  order o f  priority, from: quarterly reports filed with the Wisconsin Department o f  Natural Resources under the Wiscon~in 
Pollutant Discharge Elimination System or under Section 101 of  the Wisconsin Administrative Code or from the Wisconsin Pollutant Discharge Elimination System permit itself. I n  
some cases when 12 months of  flow data were no t  reported, the average annual and maximum monthly hydraulic discharge rates were estimated from the available monthly discharge 
data or from the flow data as reported i n  the permit. 

Name 

WASHINGTON COUNTY 
Gehl Guernsey 

Farms, Inc. 
WAUKESHA COUNTY 

Best Block 
Company 

Carnation Company- 
Can Division 

Menornonee Falls 
Water Uti l i ty 

Molded Rubber 
and Plastics 
Corporation 

SEFO, lnc. 
D/B/A Safer 
Cleaning Center 

W. A. Krueger 
Company, Inc. 

Western States 
Envelope 

Source: Wisconsin Department of  Natural Resources and SEWRPC. 

Urban Storm Water Management Systems 
As noted in Table 82, land cover categories associated 

Standard 
Industrial 

Classification 
Code 

2026 

3271 

341 1 

4941 

3069 

7216 

2752 

2642 

Type of 
Wastewater 

Cooling 

Process 

Cooling 

Filter 
Backwash 

Cooling 

Cooling 

Cooling 

Cooling 

with urban land uses as of 1975 comprised 50,200 acres, 
or about 58 percent of the Menomonee River watershed. 
The most important urban land cover category was 
residential land with about 27 percent, and streets and 
highways with about 1 3  percent. 

Reported Average 
Annual Hydraulic 

Discharge Rate 
(gallons per day)a 

190,000 

9,200 

48,300 

162.900 

33.100 

1,000 
t o  15,000 

10.000 

15,000 

Civil 
Division 
Location 

Village o f  
Germantown 

Village of 
Menomonee Falls 

Village of 
Menomonee Falls 

Village of 
Menornonee Falls 

Village of 
Butler 

City of 
Brookfield 

City of 
Brookfield 

Village of 
Butler 

There were a total of 10 known urban storm water 
drainage systems providing service to the subareas of the 
Menomonee River watershed in 1975. These include the 
systems operated by the Cities of Brookfield, Greenfield, 
Milwaukee, New Berlin, Wauwatosa, and West Allis; and 
the Villages of Butler, Elm Grove, Menomonee Falls, 
and West Milwaukee. Together, the 10  storm water 
drainage systems have a tributary drainage area of about 
42.7 square miles, or about 31  percent of the total area 
of the watershed. About 8 percent of the total area of 
the watershed is served by combined sanitary and storm 

Reported Maximum 
Monthly Hydraulic 

Discharge Rate 
(gallons per day)a 

21 0.000 

12.400 

64,500 

173,200 

50,000 

N /A 

32.000 

N /A 

Known 
Treatment 

NIA 

Ridge and 
Furrow 

N /A 

N /A 

NIA 

N /A 

N/A 

N/A 

sewers as noted above. Included within this storm water 
drainage area are a total of 344 known storm water 
outfalls ranging in size from 12  inches in diameter to 
a triple 90 by 54-inch box culvert. There were no known 

Outfall 
Number 

1 

1 

1 

1 

1 

1 

1 

1 

storm water pumping facilities and two known storm 
water storage facilities in the watershed. The total annual 

Receiving 
Water Body 

Menomonee River 
via Storm Sewer 

Soil Absorption 

Menornonee River 
via Storm Sewer 

Menomonee River 

Menornonee River 
via Storm Sewer 

Menornonee River 
via Storm Sewer 

Underwood Creek 

Menornonee River 
via Storm Sewer 

average discharge from these outfalls is estimated to  be 
about 5,587 million gallons per year occurring on the 
average in 65 events. 

Rural Storm Water Runoff 
About 36,900 acres, or 42 percent of the total area 
of the watershed, are devoted to rural land use activi- 
ties. The most important rural land cover categories 
were small grains with 5 percent, hay with 10 percent, 

other open space with 1 3  percent, and woodlands with 
5 percent of the watershed. As of May 1975, there 
were an estimated 49 domestic livestock operations- 
operations of 25 or more equivalent animal units-having 
a total of 3,870 equivalent animal units within the 
watershed. Of the 49 operations, 25, or 51  percent, 
were located within 500 feet of the surface water system 
of the watershed. 

Pollution Loadings 
A summarv of the estimated average annual ~ollution 
loadings inVthe Menomonee River watershed is presented 
in Table 86 and depicted in Figure 33. Urban sources of 
pollution are estimated to  contribute 68 percent of the 
nitrogen, 88 percent of the phosphorus, 87 percent of 
the biochemical oxygen demand, 94 percent of the fecal 
coliform, and 90 percent of the sediment which occur as 
water pollutants in the Menomonee River. Of the urban 
contribution, the point sources of pollution are estimated 
to contribute 27 percent of the nitrogen, 36 percent of 
the phosphorus, 28 percent of the biochemical oxygen 
demand, 93 percent of the fecal coliform, and 1 percent 
of the sediment. Diffuse sourcesincluding the estimated 
septic tank and construction-related contributions in the 
drainage areaaccount for the remaining 73 percent of 
the nitrogen, 64 percent of the phosphorus, 72 percent 
of the biochemical oxygen demand, 7 percent of the fecal 
coliform, and 99 percent of the sediment contributed 
from urban sources. 

Of the total pollutant loads, rural pollution sources are 
estimated t o  contribute the remaining 32 percent of the 
nitrogen, 12  percent of the phosphorus, 13 percent of 
the biochemical oxygen demand, 6 percent of the fecal 



Table 86 

SUMMARY OF ESTIMATED AVERAGE ANNUAL POLLUTANT LOADINGS IN THE MENOMONEE RIVER WATERSHED: 1975 

source 

Urban Polnt Sources 
Munrc8paI Sewage Treatment Plants 

Private Sewage Treatmenr Plants 

1 Combined Sewer Overflow 

~ x t e n t '  parameter 

3 Total Ntrogen 
3 Total Pho$phorur 
3 B~ochemical Oxygen Demand 
3 Fecal col i farm 
3 Sediment 

0 Total Nitrogen 
0 Total Phorphorur 
0 B#ochem#cal Oxygen Demand 
0 Fecal c o l ~ f o r m  

Average Year 

Sanltary Sewer F law Re le f  Devlcer 

Urban Point Source Totals I 

Total Nllrogen 
Total Phoipho'ur 
Blochemlcal oxygen Demand 
Fecal Collform 
Sediment 

Total Nrragen 
Toral Phorphorur 
elochemlcsl oxygen Demand 
Fecal Cohform 

Total NltroQen 
Total Phorpho'ur 
Blochemlcal Oxygen Demand 
Fecal Collfarm 
Sedlmenf 

Urban Dlf fure Sources 
Reiidenfial 23112 Tala1 Nltiogen 

23112 Total Phosphorus 
23112 B#ochem#cal Oxygen Demand 
23112 Fecal Cal8form 
23112 Sed~ment 

4958 Total Nlfrogen 
4958 Total Phorghorur 
4968 B~oohem~ca l  Oxygen Demand 
4968 Fecal Col8form 
4968 Sed~menl 

2543 Total Nltrogen 
2543 Total Phorphorui 
2543 Bochem~ca l  Oxygen Demand 
2543 Fecal Coi l farm 
2543 Sedlmenf 

378 Total Nitrogen 
378 Total Phos~horus 
378 Blochemica1 Oxygen Oemand 
378 Fecal Colt form 
378 Sedment 

12855 Total Nltrogen 
12855 Total Phosphorus 
12855 Bochem#cal Oxygen Demand 
12855 Fecal Cal\ farm 
12865 Sed~menf 

3951 Total Nirrogen 
3951 Total Phosphorus 
3951 B#ochem~cal Oxygen Demand 
3951 Fecal Col i form 
3951 Sed~ment 

2428 Total Nitrogen 
2428 Total Phosphorus 
2428 Bochem8cal Oxygen Demand 
2428 Fecal Colt folm 
2428 Sedlmenf 

17760 Total Nitrogen 
17760 Total Phorphorur 
17750 B~ochem~ca l  Oxygen Demand 
17760 Fecal Cal l form 
17760 Sedlment 

coliform, and 10 percent of the sediment which occur as 
water pollutants in the watershed. Of the rural pollution 
sources, none are point sources, since none of the live- 

a Urban pmhf sovrcpr are expressed in number of piants. other fml f ier .  and po~ntr of sewage flow relief; urban diffuse 
sources are expressed in number of acres excepr septic systems which are expressed;" ?he number of pemoos served. and 
rural sffuse sources are exorerred in acres excepr 6vestock merat,onr whrch are expressed io  equlvaleof snlmsl unin. 

Source 

urban Dlf fure SourceTotals 

Urban Source To ta l l  

Rural D f f u r e  sources 
Ltverfock Operaton 

crooland. Pasture and Unused 
Rural Land 

S,lvic"l,"ral 

A,. Pollullon to Surface water 

Rural D f f u r e  Source Totalr 

O8ffure Soume Totals 

Total Sources 

Loads presented ,n pounds per year. excepf for fecal coiifonn Prerenfed ,o counn x 10' per Year, and sediment ore- 
rented;" tons per year 

Source. SEWRPC 

~ x t e n t ~  

3870 
3870 
3870 
3870 
3870 

29240 
29240 
29240 
29240 
29240 

4660 
4660 
4660 
4660 
4660 

469 
464 
469 
469 
469 

stock operations in the watershed are of sufficient size to 
fall within the definition used in this report. Livestock 
feeding operations-inclusive of the disposal of manure 
on croplands--are estimated to contribute 25 percent of 
the nitrogen, 68 percent of the phosphorus, 47 percent 
of the biochemical oxygen demand, almost all of the 
fecal coliform, and 3 percent of the sediment from 
rural sources. The remainder of the estimated rural 
pollution load, or 75 percent of the nitrogen, 32 percent 
of the phosphorus, 53 percent of the biochemical oxygen 
demand, almost none of the fecal coliform, and 97 per- 
cent of the sediment, are contributed by other rural 
diffuse sources, namely storm water runoff from rural 
land uses and atmospheric loadings to surface waters. 

Parameter 

Total N,,rogen 
Total Phosphorus 

B8ochem8cal Oxygen Demand 
Fecal Col l form 
Sedlmenf 

Total Nitrogen 
Total Phorphorui 
Biochemlcal Oxygen Demand 
Fecal Col l form 
Sediment 

Total Nitrogen 
Total Phosphorus 
68ochem8cal Oxygen Demand 
Fecal Coltform 
Sedlment 

T o ~ a l  Nllrogen 
Total Phosphorus 
Blochem#cal Oxygen Demand 
Fecal Col#form 
Sedrment 

Total Nllrogen 
Total Pharpharur 
Blachemlcal Oxygen Demand 
Fecal Col l faim 
Sed~menf 

Total N t rogen  
ToralPhorphorur 
Blochemlcal Oxygen Demand 
Fecal Col l form 
Sedlmenf 

Total Nlrrogen 
Total Phosphorus 
B~ochemlcal Oxygen Demand 
Fecal Col l form 
Sed~menf 

Tofal Nitrogen 
Total Phorpharur 
B#ochem#cal Oxygen Demand 
Fecal Coi l form 
Sedlmenf 

Total Nitrogen 
Tafal Phorphorur 
Biochemlcal Oxygen Demand 
Fecal Col i form 
Sedlmeni 

~ o s d l b  

Average 

Total E~ t lmafed  
Loadlng 

692.540 0 
175,350 0 

4.410.6500 
28.634.694 0 

461.200 0 

946.7800 
274.360 0 

6,111,150 0 
389,697,634 0 

454.485 0 

109.9100 
25,540 0 

430.340.0 
24.768.000 0 

1.3550 

321.0800 
11,0500 

397.930 0 
0 0  

50.285 0 

10.7200 
6500 

21.440 0 
30.756 0 

5850 

4.1700 
230 0 

75,9800 
0.0 

1550 

445.880.0 
37,4700 

925,6900 
24,798,766 0 

52.3800 

1,138.420.0 
212.820 0 

5,336,3400 
53.433.450 0 

513.5800 

1.392.660.0 
311.8300 

7.036.8400 
414,496,4500 

516.865 0 

Year 

Percent 

49.7 
56 2 
62 7 
8 9 

89.2 

680  
88.0 
868 
94.0 
89.9 

7.9 
8.2 
6 1 
6 0 
0 3  

231 
3 5  
5 7 
0.0 
9.7 

0 8  
0 2 
0 3  
0 0  
0 1 

0 3  
0.1 
1 1 
0 0 
0 0  

32 0 
12.0 
13.2 
6 0 

10 1 

81 7 
68.2 
75 8 
12 9 
994 

100.0 
1000 
100 0 
100 0 
100 0 



Figure 33 

SUMMARY OF ESTIMATED AVERAGE ANNUAL POLLUTANT LOADINGS IN THE MENOMONEE RIVER WATERSHED: 1975 

NITROGEN PHOSPHOROUS 

FECAL COLIFORM 

I RURAL 

Source: SEWRPC. 



MILWAUKEE RIVER WATERSHED Table 87 

The Milwaukee River watershed is a natural surface water 
drainage unit with 433 square miles of its total area of 
683.2 square miles located in the northeastern and north 
central portions of the Region. The boundaries of the 
basin, together with the locations of the main channels 
of the Milwaukee River and its principal tributaries, are 
shown on Map 57, along with the locations of the known 
point sources of pollution and the generalized land 
uses as of 1975. The main stem of the Milwaukee River 
originates outside of the Region and discharges to  Lake 
Michigan through the harbor estuary in the City of 
Milwaukee. About 88 percent of the total area of the 
watershed is still in rural land uses, with about 81 per- 
cent of this rural area in agricultural use. Most of the 
agricultural-related land use is located in the northern 
and central portions of the watershed. Table 87 sets 
forth the extent and proportion of the major land cover 
categories within the watershed as they relate to water 
quality conditions in 1975. 

The soils within the Milwaukee River watershed are silt 
loams in Ozaukee County, rolling silt loams or gravelly 
loams in Washington County, and a clay-type soil in 
Milwaukee County. Most of the soils are relatively fertile 
and produce high crop yields if managed correctly. 
Sediment discharges from these soils may also result in 
high nutrient levels in stream waters. 

Particularly important to comprehensive water quality 
management planning are the soil suitability interpre- 
tations for specified types of urban development. Based 
upon the interpretations of the soil properties, about 
30 percent of the watershed is covered by soils that 
have severe or very severe limitations for residential 
development with public sanitary sewer service or, 
more precisely, are poorly suited for residential develop- 
ment of any kind, as shown on Map 58. About 56 percent 
of the watershed is covered by soils that have severe or 
very severe limitations for small lot (less than one acre in 
size) residential development without public sanitary 
sewer, as shown on Map 59; and about 46 percent of the 
watershed is covered by soils that have severe or very 
severe limitations for large lot (one acre or larger in size) 
residential development, as shown on Map 60. It must 
be noted that soils data are lacking for a portion of the 
watershed in Milwaukee County and therefore these 
soils suitability interpretations are only estimates. 

Municipal and Private Sewage Treatment Facilities 
In 1975 a total of 17 sanitary sewerage systems or 
portions thereof served a total area of about 78.3 square 
miles within the watershed, or about 18 percent of the 
in-Region portion of the watershed, and a total popu- 
lation of about 453,400 persons, or approximately 
94 percent of the in-Region resident population of 
the watershed. These figures do not include data for 
the four systems located outside of the Region. These 
systems serve the Villages of Adell, Campbellsport, Cas- 
cade, and Random Lake. Included in this total are about 
8.8 square miles, or about 1 percent of the watershed 

AREAL EXTENT OF WATER QUALITY-RELATED LAND 
COVER I N  THE MILWAUKEE RIVER WATERSHED: 1975 

a These special land cover categories, defined primarily according to  their 
imperviousness and vegetative cover characteristics and effects on the 
quality of storm water runoff, were delineated at a scale o f  1" = 400' on 
aerial photographs taken in May 1975 and were measured to  the nearest 
full acre, using dot-counting overlays. The total acreages measured within 
hydrologic subbasins were then adjusted to the control totals measured by 
digitizer from base maps of hydrologic subbasins at a scale of I"= 2000: 
Both the "square mi1es"and the "percent"shown above were then com- 
puted and rounded to the nearest hundredth (0.01Pof a percent. 

Land covera 

Urban 
Residential 6 .  . . . . . . . . . . . . . .  
Commercial . . . . . . . . . . . . . . .  
Industrial 

Manufacturing . . . . . . . . . . . . .  
Landfills and Dumps . . . . . . . . .  

Extractive . . . . . . . . . . . . . . . . .  
Transportation 

Streets and Highways. . . . . . . . .  
Airfields . . . . . . . . . . . . . . . .  

. . .  Railroad Yards and Terminals. 
Recreation 

Golf Courses. . . . . . . . . . . . . .  
Parks and Other Recreation . . . . .  

Land Under Development 
FiesidentialC . . . . . . . . . . . . . .  
Commercial . . . . . . . . . . . . . .  
Industrial . . . . . . . . . . . . . . . .  
Transportation . . . . . . . . . . . .  
Recreation . . . . . . . . . . . . . . .  

Rural 
Agricultural 

Small Grains. . . . . . . . . . . . . .  
Hay. . . . . . . . . . . . . . . . . . .  
Row Crops. . . . . . . . . . . . . . .  
Specialty Crops . . . . . . . . . . . .  
Sod Farm . . . . . . . . . . . . . . .  
Other Open spaced. . . . . . . . . .  

Silvicultural 
Woodlands . . . . . . . . . . . . . . .  
Orchards and Nurseries. . . . . . . .  

Natural and Man-Made Water Areas- 
Subject t o  Atmospheric 
Pollutant Contributions 
Ponds, Lakes, and Streams. . . . . .  
Wetlands, Swamps, and Marshes. . .  

Total 

Includes: retail, communication, utilities, administrative, and institutional 
land uses. 

Based on 1975 total residential lands, adjusted by the 1970 ratio between 
residential lands and residential lands under development, 

Square 
Miles 

45.51 
8.52 

4.59 
0.12 
1.67 

3.26 
0.40 
0.14 

3.50 
5.65 

7.41 
0.27 
0.04 
0.24 
--  

63.38 
135.67 
164.34 

19.83 
0.22 

104.65 

61.05 
1.45 

7.99 
43.31 

683.21 

The total area of the Milwaukee River watershed represented in this table is 
different than the totalarea o f  the Milwaukee River watershed identified in 
the text and on Map 57. This is due to  the fact that the area set forth on 
Map 57 includes only that portion of the Milwaukee River watershed lying 
within the civil boundaries that comprise the Southeastern Wisconsin 
Region. This table presents the 1975 land cover o f  the entire Milwaukee 
River watershed, including about 250 square miles o f  the watershed 
located outside o f  the Region. 

Source: U. S. Department o f  Agriculture, Soil Conservation Service and 
Agricultural Stabilization and Conservation Service; County Soil 
and Water Conservation District% University o f  Msconsin-Extension 
Service; and SEWRPC. 

Acres 

29,129 
5,454 

2,936 
78 

1,017 

2,086 
255 
90 

2,242 
3,616 

4,742 
175 
23 

156 
--  

40,565 
86,828 

105,177 
12,689 

143 
66,978 

39,070 
930 

5.1 12 
27,720 

437.21 1 

Percent 

6.66 
1.25 

0.67 
0.02 
0.24 

0.48 
0.06 
0.02 

0.51 
0.83 

1.08 
0.04 
0.01 
0.04 

9.28 
19.86 
24.05 

2.90 
0.03 

15.32 

8.94 
0.21 

1.17 
6.34 

100.00 











Table 88 

SELECTED CHARACTERISTICS OF MUNICIPAL SEWAGE TREATMENT PLANTS 
I N  THE MILWAUKEE RIVER WATERSHED WITHIN THE REGION: 1975 

area, and an estimated 175,800 persons, or about 36 per- 
cent of the resident population of the watershed, which 
were served by combined stonn and sanitary sewers. 

Thirteen municipally owned sewage treatment plants 
are located in the Milwaukee River watershed. The 
six plants which serve the City of West Bend and the 
Villages of Kewaskum, Campbellsport, Grafton, Newburg, 
and Saukville discharge treated effluents directly to  
the main stem of the Milwaukee River; the plant which 
serves the Village of Cascade discharges treated effluent 
to  a tributary of the North Branch of the Milwaukee 
River; the plant which serves the City of Cedarburg 
discharges treated effluents to  Cedar Creek; the plant 
which serves the Village of Random Lake discharges 
treated effluents to  Silver Creek; the plant which serves 
the Village of Thiensville discharges treated effluents 
to Pigeon Creek; the plant which serves the Village of 
Jackson discharges treated effluents to  a tributary of 
Cedar Creek; the plant which serves the Village of 
Fredonia discharges treated effluents to  a tributary of 
the Milwaukee River; and the plant which serves the 
Village of Adell discharges treated effluent to  the ground- 
water system through a seepage lagoon. Selected informa- 
tion for these municipal sewage treatment plants is set 
forth in Tables 88 and 89, and the plant locations are 
shown on Map 57. In addition to  the publicly owned 
sewage treatment facilities, seven private wastewater 

treatment facilities exist in the Milwaukee River water- 
shed owned and operated by: Cedar Lake Rest Home, 
Federal Foods Company, Justo Foods Company (not in 
operation), the Kettle Moraine Correctional Institution, 
a medium-security prison for adult males operated by the 
Department of Health and Social Services in the Town 
of Greenbush in Sheboygan County, Level Valley Dairy, 
Libby, McNeill, and Libby-Jackson, and S & R Cheese 
Corporation. Of these facilities, one discharges to Cedar 
Creek and the other six utilize soil absorption systems. 
Selected data on these privately owned wastewater 
treatment facilities are presented in Table 90, and the 
plant locations are shown on Map 57. 

a The population desrgn capacity for a given sewage treatment facility war abrarned direcrly from engineering reports prepared b y  or for the local uni t  o i  governmenr operating the facility and reflecrs assumptions 
made by  the derrgn engineer. The population equivalent design capacity war esr~mated by  rhe Commission staif by  dividing rhe des,gn BOD loading in pou,ldsper day, as set forth in the engineering reports. b y  

an estimated per capita cantrrbuiion o f  0 27 pound of BOD5 per day. I f  the design engineer assumed a differen? darly per caprra contr~bubdn o f  BODy rhe population equ!valenr design capacity will differ i rom 
the population design capacity shown i,i the table 

Source; SEWRPC. 

Existing 

Average 

Hydraulic 

imgdl 

1.41 

3.70 

0.28 

0.88 

0 2 6  

0 3 2  

0 0 7  

0 29 

0 5 7  

Sanitary Sewerage System Flow Relief Points 
In 1975 there were 61  combined sewer outfalls and 

Name 

hn-Reglo") 

City of  
Cedarburg 

Loading 

Average 

Per 

Caplra 

igpdl 

136 

176 

187 

100 

130 

160 

117 

126 

136 

129 (127 in-Region and two out-of-Region) known 
sanitary sewer flow relief devices in the watershed, as 
listed in Table 91  and shown on Map 57. Of the latter, 
29 were sanitary sewerage system bypasses; 7 were relief 
pumping stations; 16 were portable pumping stations; 
and the remaining 77 were crossovers. Of the total 
190 flow relief devices and combined sewer outfalls, 
110 discharge directly to  the main stem of the Milwaukee 
River; 4 discharge directly to Cedar Creek; 55 discharge 
directly to  Lincoln Creek; 13  discharge directly to Indian 
Creek; 6 discharge directly to Beaver Creek; 1 discharges 
directly to  Pigeon Creek; and 1 discharges directly to 
Silver Creek. 

Type 
of 

Treatment 

T r ~ c k l ~ n g  Fllter 

Act~vated Sludge 
Phorphorur 

Removal 

D#r~n fec ton  

Ctty of  

West Bend 

Village of 

Fredonia 

V~Ilage of 

Grafron 

Village of 

Jackson 

VOlage of 

Kewaskum 

Village of 
Newburg 

Vtllage of 
Saukv~lle 

Village of 
Thienrvlile 

~ o p u l a t , o n ~  

Equivalent 

23.800 

Capaclry 

Average 

Organic 

' ipoundr of 

BOD5 per day) 

5.000 

Level of 

Treatment 

plov(ded 

Secondary 

Advanced 

Auxrl8ary 

Date of  
Constructon 

and Major 

Mod~fcar loo 

1925. 1935 
1960, 1971 

Total 

Area 

Served 
(square mller) 

2 58 

Design 

Peak 

Hydraul~c 

imgdi 

6.00 

~ o p u l a t ~ o n ~  

20,000 

Dlsposal 

of 

Effluent 

Cedar Creek 

Errlmated 

Total 

Populat~on 

Served 

10.400 

20,240 

950 

8.950 

190 

8,570 

650 

2,050 

N /A 

Average 

Hydraulic 

lmgdi 

3 00 

4,250 

200 

1,880 

40 

1,800 

136 

430 

N/A 

10.00 

0.25 

2 50 

0 05 

1 50 

0.10 

0 46 

0 36 

25.000 

Removal 

D~s~nfect ton A u x l ~ a r y  
1,200 

9.400 
1970 Phosphorus Advanced 

Removal 

D~slnfect~on Aux81tary 

0 43 2,000 1939 T r ~ c k l ~ n g  Filter Secondary Tr~butary of 250 

5,000 

800 

1.400 
Dislnfectlon Auvillary 

3.000 

2 50 

0.12 

1.00 

0.03 

1 .OO 

0.05 

0.28 

0.24 



Table 89 

SELECTED CHARACTERISTICS OF  MUNICIPAL SEWAGE TREATMENT PLANTS 
I N  THE MILWAUKEE RIVER WATERSHED OUTSIDE OF  THE REGION: 1975 

Name 
(out-of-Reglonl 

Village of 

Adell 
Vrllage of 
Campbellsport 

Vrllage of 

Cascade 

Total 

0 44 1.900 

0 22 600 

Date of 
construct~on 1 , Tlpe 1 Level of  

and Major Treatment 
Modfcat8on Trearment Provded 

1961 IActlvated Sludge Secondary 
Dlsinfectton Aux8Iary 

1935. 1962 Activated Sludge Secondary 
Drs8nfecton Auxlhary 

1976 Aelated Secondary 
Lagoons 

Desgn Capacity Exsting Loading 

N I A  NIA 

Milwaukee River 1 N I A  0 2 4  NIA N I A  NIA 031 163 1 
Tilbutary of 1 N I A  0 1 7  0 6 0  N I A  NIA 0 . 0 4  67 1 
North Branch 

a The popu1aNon design capacity for a given sewdge treatment facility war obtained directly froin eiigineerrng reports prepared by or for the locrl uni t  of  government operating the facility andreflects assumprfons 

made by the design enqineer. The population equivalent dpsign capacity war rstimaipd by the Commissiori sraff by dividiqg [he design BOD5 load!ng in poundsper day. as set forth ,n the engirleen,lg reports, by 

an estimated Per capita contribution of 0.21 pound o f  BOD Per day. i f  the disrgri eiigirlrpi asrumpd a diffrreni daily per capita contribution of  BOD , rhepmular ion equivalent dmgn capaory will differ from 
the populatioii design capaciry shown in the table 

Source. SEWRPC 

Village of 

Random Lake 

Table 90 

SELECTED CHARACTERISTICS OF PRIVATELY OWNED WASTEWATER 
TREATMENT FACILITIES I N  THE MILWAUKEE RIVER WATERSHED: 1975 

N I A  

NOTE: N/A indicates data n o t  available. 

1.200 

a Unless specifically noted otherwise, data were obtained, i n  order of  priority, from: quarterly reports f i led wi th the Wiscons~n Department of  Natural Resources under the 
W~sconsin Pollutant Discharge Ellmination System or under Secr~on 101 o f  the Wisconsfn Administrative Code o r  from the Wisconsin Pollutant Discharge El~minat ion 
System permit  i tself In  some cases when 12 months o f  f low data were n o t  reported, the average annual and  maximum monthly hydraulic discharge rates were estimated 
from the available monthly discharge data o r  from the f low data as reported i n  the permit. 

L 

Name 

In-Region 
Cedar Lake 

Rest Home 

Federal Foods 
Company 

Justo Foods 
Company 
(not  in operation) 

Level Valley 
Dairy 

Libby, McNeil, and 
Libby-Jackson 

S & R Cheese 
Corporation 

Out-of-Regton 
Kettle Mora~ne 

Correctional 
Institution 

Source: Wisconsin Department of  Ndtural Resources and  SEWRPC. 

lP16 

Civil 
Division 
Location 

Town o f  
West Bend 

City of 
Mequon 

Town o f  
Cedarburg 

Town of 
Jackson 

Town of  
Jackson 

Town of 
Fredonia 

Town of 
Greenbush 

D ~ s ~ n f e i l . o n  
Trlckiing Filter. 
,Disinfection 

Type of 
Land Use 
Served 

Institutional 

Industrial 

Industrial 

Industrial 

Industrial 

Industrial 

l ns t~ tu t~ona l  

Auilary 
Secondary 
Auxiliary 

Type of 
Wastewater 

Sanitary 

Process 

Process 

Process and 
Cooling 

Process and 
Cooling 

Process 

Sanitary 

M~lwamkee R w e r  

Silver Creek 

Type o f  
Treatment 
Provided 

Contact 
Stabilization 
and Lagoon 

Septic Tank, 
Lagoon 

Lagoon 

Aeration 
and Lagoon 

Lagoon and 
Spray lrrlgation 

Sept~c Tank 

and Lagoon 

Activated Sludge 

N I A  

Disposal 
of Eff luent 

So11 
Absorption 

Soil 
Absorption 

Soil 
Absorption 

Cedar Creek 

Soil 
Absorption 

Soil 
Absorption 

So11 
Absorption 

0.08 

Reported Average 
Annual Hydraulic 

Discharge Rate 
(gallons per dayla 

N /A  

N /A 

N /A 

172,000 

144,000 

, 

1,800 

65,000 

0 30 

Average 
Hydraulic 

Design Capacity 
(gallons per day) 

N /A  

1.000 

N /A  

N /A 

N /A 

N /A  

60,000 

N / A  

Reported Maximum 
Monthly Hydraulic 

Dtscharge Rate 
(gallons per day)a 

35.000 

N /A 

N /A 

218,100 

144,000 

N /A 

N /A  

NIA 0.20 167 



Table 91 

KNOWN COMBINED SEWER OUTFALLS AND OTHER FLOW RELIEF DEVICES IN THE MILWAUKEE RIVER 
WATERSHED IN THE REGION BY RECEIVING STREAM AND CIVIL DIVISION: 1975 

Source: SEWRPC, 

Receiving 
Stream 

In-Region 

Milwaukee River. . 
Beaver Creek . . . . 
Indian Creek. . . . . 
Indian Creek. . . . . 
Milwaukee River . . 
Lincoln Creek. . . . 
Pigeon Creek . . . . 
Milwaukee River . . 
Cedar Creek . . . . . 
Cedar Creek. . . . . 
Milwaukee River. . 
Milwaukee River . . 
Milwaukee River. . 
Milwaukee River . . 
Milwaukee River. . 
Milwaukee River. . 
Milwaukee River. . 
Milwaukee River. . 
Indian Creek. . . . . 
Milwaukee River . . 

Subtotal 

Out-of- Reg~on 
Milwaukee River. . 
Silver Creek . . . . . 

Subtotal 

Total 

Other Known Point Sources 
A total of 73 (68 in-Region and five out-of-Region) other 
known point sources of pollution were identified in the 
watershed in 1975. These other point sources consisted 
primarily of 123 outfalls through which industrial cooling, 
process, rinse, and wash waters were discharged directly 
or indirectly to  the surface water system. Of these, 83, or 
68 percent, were identified as discharging only cooling 
water. The remaining 40, or 32 percent, were discharging 
other types of wastewaters. Industrial wastewater enters 
the Milwaukee' River and its major tributaries directly 
through industrial waste outfalls or indirectly through 
drainage ditches and storm sewers. Table 92 summarizes 
by receiving stream and civil division the characteristics 
of these other. point sources, and Map 57 shows their 

Civil 
Division 

City of Mequon 
Village of Brown Deer 
Villageof Fox Point 
City of Glendale 
Village of River Hills 
City of Milwaukee 
Village of Thiensville 
Village of Saukville 
City of Cedarburg 
Village of Jackson 
City of West Bend 
Village of Fredonia 
Village of Newburg 
Village of Thiensville 
Village of Brown Deer 
City of Glendale 
City of  Milwaukee 
Village of  Shorewood 
Villageof River Hills 
Village of Whitefish Bay 

Village of Campbellsport 
Village of Random Lake 

locations. Fortysix of these other point source outfalls 
discharge the wastes directly to the Milwaukee River 
main stem, 41 point source outfalls discharge indirectly 
to the Milwaukee River main stem; 34 point source 
outfalls discharge to  tributaries of the Milwaukee River; 

and the remaining two point source outfalls utilize soil 
absorption systems. 

Combined 
Sewer 

Outfalls 

0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
60 
0 
0 
0 

6 1 

0 
0 

0 

61 

Privately Owned Onsite Sanitary Wastewater Treatment 
In addition to  being provided through centralized sani- 
tary sewerage service within the in-Region portion of the 
watershed, sanitary wastewater treatment and disposal 
is provided through approximately 8,137 privately owned 
onsite sewage disposal systems consisting of 8,087 septic 
tanks, 48 holding tanks, and 2 mound systems. These 

Total 

7 
6 

1 1  
1 
1 
55 
1 
1 
2 
2 
1 
1 
1 
1 
1 
2 
80 
8 
1 
5 

188 

1 
1 

2 

190 

Crossovers 

0 
0 
1 
0 
0 
48 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
13 
8 
1 
5 

7 7 

0 
0 

0 

77 

systems serve a total resident population of about 
29,800 persons, or about 6 percent of the total resident 
population of the watershed within the Region. Of this 
total, about 7,400 persons, or 25 percent, reside in 
concentrated areas of urban development having at 
least 32 housing units in a U. S. Public Land Survey 
quarter section. These scattered quarter sections of urban 
land use concentration totaled about 11.2 square miles 
of urban land use, or about 3 percent of the area of the 
watershed within the Region. 

Other Flow 

Bypasses 

2 
1 
3 
0 
0 
4 
0 
0 
2 
2 
1 
1 
1 
1 
1 
1 
7 
0 
0 
0 

27 

1 
1 

2 

29 

Relief Devices 

Relief 
Pumping 
Stations 

0 
0 
2 
0 
1 
2 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

7 

0 
0 

0 

7 

Portable 
Pumping 
Stat~ons 

5 
5 
5 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

16 

0 
0 

0 

16 



Table 92 

CHARACTERISTICS OF OTHER KNOWN POINT SOURCES OF WATER POLLUTION I N  THE MILWAUKEE RIVER WATERSHED: 1975 

Reported Maximum 
Monthly Hydraulic 

Discharge Rate 
(gallons per day)a 

3,500 

1.800 

1,300 

40,000 

632,100 

37,000 

47,300 

21.300 

1,235,900 

661,000 

178,500 

58,800 

14,000 

51,000 

5,000 

500,000 

1.000 

100.000 

60,000 

20,000 

660,000 

N/A 

50.000 

3,370,000 
73.000 
5.000 
2,500 

N /A 

17,000 

80,000 

70,000 

N/A 

N /A 

N /A 

4,110,000 

3,068,000 

14,950.800 

Reported Average 
Annual Hydraulic 

Discharge Rate 
(gallons per dayla 

2,800 

1,500 

1.100 

30,000 

470,400 

20.000 

25,000 

14,700 

1,094,900 

59 1.000 

11,600 

37,500 

7.000 

51.000 

5,000 

340,000 

N/A 

80,000 

50,000 

15,000 

660,000 

1 00 

45,000 

1,470,000 
47,000 

200 
2,000 

100 

7,100 

60.000 

60,000 

1,200 

1,100 

60.000 

2,274,800 

2,364,400 

6,276,500 

Name 

MILWAUKEE COUNTY 

A. F. Gallun & Sons 
Corporation 

American Can Company 

American Motors 
Corporation- 
Body Plant 

A. 0. Smith 
Corporation- 

Automotive Division 

Aqua-Chem, 1nc.- 
North Plant No. 1 

Aqua-Chem, Inc.- 
North Plant No. 2 

Badger Meter, Inc. 

Beatrice Foods 
Company 

Briggs and Stratton 
Corporation 

Continental Can 
Company 

Continental 

Equipment 
Cutler Hammer. Inc. 

Industrial System 
Division 

First Wisconsin 
Development 
Corporation 

Florence Eiseman, Inc. 

Fred Usinger, Inc. 

Gimbels Midwest, Inc. 

Gimbels Midwest, Inc.- 
Warehouse 

Globe Union, 1nc.- 
Administration 
and Research Park 

Globe Union, Inc.- 
Central Lab Division 

Hoerner Waldorf 
Corporation 

Inland Ryerson 
Construction 
Products Company 

Interstate Drop 
Forge Company 

Joseph Schlitz 
Brewing Company 

Standard 
Industrial 

Classification 
Code 

31 11 

3411 

3711 

3714 

3829 

3829 

3824 

2037 

3499 

3551 

3561 

3622 

6025 

2339 

2013 

5311 

5311 

3691 

3679 

2653 

3444 

3462 

2082 

Type of 
Wastewater 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling 

Process and 
Cooling 

Cooling, Process 
and Boiler 
Blowdown 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling 
and Boiler 
Blowdown 

Cooling 

Cooling 
Cooling 
Process 
Process 
Boiler 

Blowdown 
Cooling 

Cooling 

Cooling 

Cooling 
and Boiler 
Blowdown 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling 

Outfall 
Number 

2 

3 

4 

1 

1 

2 

3 

4 

1 

2 

2 

2 

2 

1 

1 

1 

1 

2 

3 

4 

1 

1 

1 

1 
2 
3 
4 
1 

1 

1 

2 

1 

1 

1 

1 

2 

3 

Civil 
Division 

Location 

City of 
Milwaukee 

City of 
Milwaukee 

City of 
Milwaukee 

Gin/ of 
Milwaukee 

City of 
Milwaukee 

City of 
Milwaukee 

Village of 
Brown Deer 

City of 
Milwaukee 

City of 
Milwaukee 

City of 
Milwaukee 

City of 
Milwaukee 

City of 
Milwaukee 

City of 
Milwaukee 

City of 
Milwaukee 

City of 
Milwaukee 

City of 
Milwaukee 

City of 
Milwaukee 

City of 
Glendale 

City of 
Milwaukee 

City of 
Milwaukee 

City of 
Milwaukee 

City of 
Milwaukee 

City of 
Milwaukee 

Known 
Treatment 

None 

None 

None 

Settling Basin. 
Screening, and 
pH Adjustment 

None 

None 

None 

None 

Settling Basin 
and Oil 
Separator 

Settling Basin 
and Oil 

Separator 
None 

None 

None 

None 

Lagoon 

None 

None 

None 

None 

None 

None 

None 

None 

None 
None 
None 
None 
None 

Cooling 
Lagoon 

None 

None 

None 

None 

None 

None 

None 

None 

Receiving 
Water Body 

Milwaukee River 
via Storm Sewer 

Milwaukee River 
via Storm Sewer 

Milwaukee River 
via Storm Sewer 

Lincoln Creek 
via Storm Sewer 

Milwaukee River 
via Storm Sewer 

Milwaukee River 
via Storm Sewer 

Milwaukee River 
via Storm Sewer 

Milwaukee River 
via Storm Sewer 

Lincoln Creek 
via Storm Sewer 

Lincoln Creek 
via Storm Sewer 

Lincoln Creek 
via Storm Sewer 

Lincoln Creek 
via Storm Sewer 

Beaver Creek 
via Storm Sewer 
and Drainage Ditch 

Milwaukee River 
via Storm Sewer 

Brown Deer 
Park Creek 

Milwaukee River 
via Storm Sewer 

Milwaukee River 
via Storm Sewer 

Lincoln Creek 
via Storm Sewer 

Lincoln Creek 
via Storm Sewer 

Lincoln Creek 
via Storm Sewer 

Milwaukee River 

Milwaukee River 

Milwaukee River 

Milwaukee River 
Milwaukee River 
Milwaukee River 
Milwaukee River 
Milwaukee River 

Lincoln Creek 
via Storm Sewer 

Lincoln Creek 
via Storm Sewer 

Lincoln Creek 
via Storm Sewer 

Milwaukee River 
via Storm Sewer 

Lincoln Creek 
via Storm Sewer 

Lincoln Creek 
via Storm Sewer 

Milwaukee River 
via Storm Sewer 

Milwaukee River 
via Storm Sewer 

Milwaukee River 
via Storm Sewer 



Table 92 (continued) 

~~ 

Reported Maximum 
Monthly Hydraulic 

Discharge Rate 
(gallons per dayla 

54,000,000 

4,800 

259,400 

1 11.000 

50.500 

300 

Intermittent 

Intermittent 

Intermittent 

Intermittent 

15,000 

2,500 

1 3,000 

72,000 

1,123,500 

179,800 

170.000 

3 13.800 

3,500 

62,500 

153,000 

121,000 

22,000 

200,000 

2,400 

52,000 

N /A 

148,000 

200,000 

51,887,100 

Reported Average 
Annual Hydraulic 

Discharge Rate 
(gallons per day)a 

46,783,300 

4,800 

202,000 

86,700 

17,600 

100 

Intermittent 

Intermittent 

Intermittent 

Intermittent 

1 1.000 

2.000 

8.000 

33,000 

901,300 

85,200 

107,000 

262,200 

2,600 

36.600 

88.800 

11 0.000 

20,000 

200,000 

1.000 

29,000 

5,600 

135.000 

200,000 

46,521,200 

L 

Outfall 
Number 

4 

17 

1 

2 

1 

2 

1 

1 

1 

1 

1 

1 

3 

4 

1 

2 

3 

1 

1 

2 

3 

2 

3 

1 

1 

1 

1 

1 

1 

4 

Name 

Kurth Malting 
Corporation- 
Plant No. 2 

Longview Fibre 
Company-Downing 
Box Division 

Milprint. Inc. 

Milwaukee 
Country Club 

Milwaukee County 
Park Commission- 
Carver Park 

Milwaukee County 
Park Commission- 
Gordon Park 

Milwaukee County 
Park Commission- 
Lincoln Park 

M~lwaukee County 
Park Commission- 
McGovern Park 

Milwaukee Die 
Casting Company 

North Milwaukee 
Lime & Cement 
Company 

Oster Corporation 

Outboard Marine 
Corporation- 
Evinrude Foundry 

Outboard Marine 
Corporation- 
Plant No. 1 
Research Annex 

Square D Company 

Stainless Foundry and 
Engineering Company 

Treat All 
Metals. Inc. 

Western Electric 
Company. lnc.- 
Wisconsin Service 
Center 

W. H. Brady Company- 
Florist Avenue Plant 

Wisconsin Bridge 
and Iron Company 

Wisconsin Cuneo Press 

Wisconsin Electric 
Power Company- 
Commerce Street 

Receiving 
Water Body 

Milwaukee River 

Milwaukee R~ver 
via Storm Sewer 

Milwaukee River 
via Storm Sewer 

Milwaukee River 
via Storm Sewer 

Milwaukee River 
via Storm Sewer 

Milwaukee River 
via Storm Sewer 

Milwaukee River 
via Storm Sewer 

Milwaukee River 
via Storm Sewer 

Mdwaukee River 
via Storm Sewer 

LincolnCreek 
via Storm Sewer 

Milwaukee River 
via Storm Sewer 

Lincoln Creek 
via Storm Sewer 

Milwaukee River 
via Storm Sewer 

Milwaukee River 
via Storm Sewer 

Lincoln Creek 
via Storm Sewer 

Lincoln Creek 
via Storm Sewer 

Lincoln Creek 
via Storm Sewer 

Lincoln Creek 
via Storm Sewer 

Milwaukee River 
via Storm Sewer 

Milwaukee River 
via Storm Sewer 

Milwaukee River 
via Storm Sewer 

Lincoln Creek 
via Storm Sewer 

Lincoln Creek 
via Storm Sewer 

Milwaukee River 
via Storm Sewer 

Milwaukee River 
via Storm Sewer 

Milwaukee River 
via Storm Sewer 

Lincoln Creek 
via Storm Sewer 

Lincoln Creek 
via Storm Sewer 

Milwaukee River 

Milwaukee River 

Type of 
Wastewater 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling 

Swimming Pool 
Overflow and 
Drainage 

Swimming Pool 
Overflow and 
Drainage 

Swimming Pool 
Overflow and 
Drainage 

Swimming Pool 
Overflow and 
Drainage 

Cooling 

Process 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling and 
Drainage 

Process and 
Cooling 

Boiler 
Blowdown 

Cooling, Process, 
and Boiler 
Blowdown 

Known 
Treatment 

None 

Settling 
Basin 

N/A 

N/A 

None 

None 

None 

None 

None 

None 

None 

Settling Pond 
and pH 
Adjustment 

None 

None 

None 

None 

None 

None 

N /A 

N/A 

N /A 

N/A 

N/A 

N /A 

N /A 

N /A 

Oil 
Separator 

None 

None 

None 

Standard 
Industrial 

Classification 
Code 

2083 

2653 

2649 

7999 

7999 

7999 

7999 

7999 

3361 

3273 

3634 

3519 

3519 

3622 

3325 

3398 

7629 

2641 

3441 

2752 

4911 

Civil 
Division 
Location 

City of 
Milwaukee 

City of 
Milwaukee 

City of 
Milwaukee 

City of 
Milwaukee 

City of 
Milwaukee 

City of 
Milwaukee 

City of 
Milwaukee 

City of 
Milwaukee 

City of 
Milwaukee 

City of 
Milwaukee 

City of 
M~lwaukee 

City of 
Milwaukee 

City of 
Milwaukee 

Village of 
Glendale 

City of 
Milwaukee 

City of 
Milwaukee 

City of 
Milwaukee 

City of 
Glendale 

City of 
Milwaukee 

City of 
Milwaukee 

City of 
Milwaukee 



Table 92 (continued) 

Name 

Wisconsin Electric 
Power Company- 

Wells Street 

Wisconsin Electric 
Power Company- 
Heating Steam System 

Wright Metal 
Processors, Inc. 

OZAUKEE COUNTY 
Ataco Steel 
Products Company 

Brunswick Corporation- 
Mercury Marine 
Division, Plant No. 1 

Brunswick Corporation- 
Mercury Marine 
Division, Plant No. 2 

Dayton Malleable- 
Meta Mold Division 

Doerr Electric 
Corporation 

EST Company, Inc. 

Freeman Chemical 
Corporation 

Johnson Brass and 
Machine Foundry, Inc. 

KMC Stampings 
Division 

Leeson Electric 
Corporation 

MSD Plastics. Inc. 

Russel T. Gillman, Inc. 

WASHINGTON COUNTY 
Amity Leather 

Products Company 
Bermico Company 

Culligan Water 
Conditioning. Inc. 

Fairmont Foods 
Company 

Gehl Company 

Kewaskum 
Frozen Foods 

Pick Automotive 

Corporation 
Regal Ware, Inc. 

Reported Average 
Annual Hydraulic 

Discharge Rate 
(gallons per dayla 

600 
200 
400 

24,200 

7,000 
20 

1,200 
1,200 

20 
20 

100.000 
100 

889,500 

300 

62,000 

2 1,000 

3,000 

20,000 

43,000 

5,600 

2 1.000 

1,000 

N /A 
8,100 

344,200 

7,000 

125 

5,000 

25,000 

700 

N /A 

228,800 

2,900 

8,000 

64,000 
4,000 

1 7.000 
168.000 
10,000 

to 50,000 
1.000 

124,300 

Reported Maximum 
Monthly Hydraulic 

Discharge Rate 
(gallons per day)a 

700 
250 
500 

25,000 

8,700 
25 

1,500 
3,000 

25 
25 

125,000 
125 

909.300 

72.000 

80,000 

72,000 

4,000 

35,000 

70.000 

10,000 

35,000 

1,000 

N /A 
14,000 

436,700 

N/A  

N /A 

N /A 

25,000 

1,300 

10.000 

295,000 

3,000 

10.000 

94,000 
4,000 

37,000 
456,000 
N/A 

N/A 

168,300 

Standard 
Industrial 

Classification 
Code 

491 1 

Civil 
Division 

Location 

City of 
Milwaukee 

Type of 
Wastewater 

Boiler Blowdown 
Drainage 
Drainage 
Cooling and 

Boiler Blowdown 
Boiler Blowdown 
Drainage and 

Boiler Blowdown 
Boiler Blowdown 
Boiler Blowdown 
Drainage 
Drainage 
Drainage 
Tank Overflow 
Cooling, Boiler 

Blowdown, 
and Drainage 

3585 

3479 

3312 

3519 

3519 

3361 

3621 

3361 

2821 

3362 

3469 

3621 

3079 

3545 

3172 

2646 

7399 

2026 

3523 

201 1 

3714 

3631 

Known 
Treatment 

None 

N/A 
N l A  
None 

N/A 
N I A  

N/A 
N/A 
NIA  
N /A 
N /A 
N/A 
NIA  

Outfall 
Number 

1 
2 
3 
4 

5 
6 

7 
8 
9 

10 
11 
12 
13 

City of 
Milwaukee 

City of 
Milwaukee 

Village of 
Grafton 

City of 
Cedarburg 

City of 
Cedarburg 

City of 
Cedarburg 

City of 
Cedarburg 

Village of 
Grafton 

Village of 
Saukville 

Village of 
Sau kville 

Village of 
Grafton 

Village of 
Grafton 

Village of 
Grafton 

Village of 
Grafton 

City of 
West Bend 

City of 
West Bend 

City of 
West Bend 

Village of 
Kewaskum 

C ~ t y  of 
West Bend 

Village of 
Kewaskum 

City of 
West Bend 

Village of 
Kewaskum 

None 

None 

None 

None 

None 

None 

None 

None 

None 

Septic 
None 

None 

None 

None 

Lagoon 

Settling 
Tank 

None 

N /A 

N /A 

None 

None 

None 
None 
None 
None 
None 

None 

N /A 

Receiving 
Water Body 

Milwaukee River 
Milwaukee River 
Miiwaukee River 
Milwaukee River 

Milwaukee River 
Milwaukee River 

Milwaukee River 
Milwaukee River 
Milwaukee River 
Milwaukee River 
Milwaukee River 
Milwaukee River 
Milwaukee River 

1 Steam Condensate 
and Groundwater 

Steam Condensate 
and Groundwater 

Steam Condensate 
and Groundwater 

Cooling 

Cooling 

Process and 
Cooling 

Cooling 

Cooling and 
Process 

Cooling 

Process 
Cooling 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling 

Process and 
Cooling 

Filter 
Backwash 

Cooling 

Cooling 
Cooling 
Cooling 
Cooling 
Cooling 

Cooling 

Cooling 

2 

3 

4 

1 

1 

1 

1 

1 

1 

2 
2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
2 
3 
4 
1 

1 

1 

Milwaukee River 

Milwaukee River 

Milwaukee River 

Lincoln Creek 
via Storm Sewer 

Milwaukee River 
via Storm Sewer 

Cedar Creek 
via Storm Sewer 

Cedar Creek 
via Storm Sewer 

Cedar Creek 
via Storm Sewer 
and Drainage Ditch 

Cedar Crrek 
via Storm Sewer 

Soil Absorption 
Milwaukee River 
via Storm Sewer 
and Drainage Ditch 

Milwaukee River 

Milwaukee River 
via Storm Sewer 

Milwaukee River 
via Drainage Ditch 

Milwaukee River 
via Storm Sewer 

Cedar Creek 
via Storm Sewer 

Milwaukee River 
via Storm Sewer 

Milwaukee River 
via Storm Sawer 

Milwaukee River 

Milwaukee River 
via Storm Sewer 

Milwaukee River 
via Storm Sewer 

Milwaukee River 
Milwaukee River 
Milwaukee River 
Milwaukee River 

Milwaukee River 
via Storm Sewer 

Milwaukee River 
via Storm Sewer 

Milwaukee River 



Table 92 (continued) 

NOTE: N/A indicates data not  available 

a Unless specifically noted otherwise. data were obtained, i n  order of  priority, from: quarterly reports filed with the Wisconsin Department of  Natural Resources under the Wisconsin 
~o l lu ran t  Discharge Elimination System or under Section 101 o f  the Wisconsin Administrative Code o r  from the Wisconsin Pollutant Discharge Elimination System permit itself. In  
some cases when 12 months of flow data were no t  reported, the average annualand maximum monthly hydraulic discharge rates were estimated from the available monthly discharge 
data or from the flow data as reported in the permit. 

Source: Wisconsin Department of  Natural Resources and SEWRPC. 

Reported Average 
Annual Hydraulic 

Discharge Rate 
(gallons per dayla 

1.000 
1.000 

45,000 
29.000 
6,000 
3,000 
1.000 

52,000 
1,000 
4,000 

1,600,000 

85,000 

N/A 
N /A 
N /A 

63,000 

Receiving 
Water Body 

M~lwaukee River 
Milwaukee River 
Milwaukee River 
Milwaukee River 
Milwaukee River 
Milwaukee River 
Milwaukee River 
Milwaukee River 
Milwaukee River 
M~lwaukee River 

Melius Creek 

Unnamed Tributary 
of North Branch of 
Milwaukee Rwer 

Soil Absorption 
Silver Creek 
Milwaukee River 

Milwaukee River 

Name 

The West Bend 
Company 

Out-of-Region 
Ben A. W~nton Company 

Foremost Foods, Inc. 

Krier Preserving 
Company 

Loer's Meat Service 

Universal Foods 
Corporation 
(Stella Cheese) 

Urban Storm Water Management Systems 
As noted in Table 87, land cover categories associated 
with urban land uses as of 1975 comprised about 52,000 
acres, or about 12  percent of the Milwaukee River water- 
shed. The most important urban land cover category 
was residential land, with about 7 percent. 

Reported Maximum 
Monthly Hydraulic 

D~scharge Rate 

(gallons per day)a 

1,000 
1.000 

63,000 
39,000 
8,000 
4,000 
1.000 

72,000 
1.000 
5.000 

N/A 

200,000 

N /A 
N/A 
N/A 

N /A 

There were a total of 1 3  known urban storm water 
drainage systems providing service to the subareas of the 
Milwaukee River watershed within the Region in 1975. 
These include the systems operated by the Cities of 
Cedarburg, Glendale, Milwaukee, and West Bend; and by 
the Villages of Brown Deer, Fox Point, Grafton, Jackson, 
Kewaskum, Saukville, Shorewood, Thiensville, and White- 
fish Bay. A storm water drainage system in the Village of 
Kewaskum is known to exist, but local documentation in 

Standard 
Industrial 

Classification 
Code 

3634 

- -  

- -  

the form of a map of the system was not available. 
Information concerning the storm water drainage systems 
serving civil divisions located within the Milwaukee River 
watershed outside of the Region was not included in the 
inventory. Together, the 12  storm water drainage systems 
for which mapping was available have a tributary drainage 
area of about 38.7 square miles, or about 8.9 percent of 
the total area of the watershed. About 1 percent of the 
total area of the watershed is served by combined sani- 
tary and storm sewers, as noted above. Included within 
this storm water drainage area are a total of 309 known 
storm water outfalls ranging in size from 12 inches in 

Civil 
Division 
Location 

City of 
West Bend 

Town of 
Scott 

Village of 
Adell 

Village of 
Random Lake 

Village of 
Campbellsport 

Village of 
Campbellsport 

diameter to a 60 by 144-inch I?ox culvert. There were 
no known storm water pumping facilities and four 
known storm water storage facilities in the watershed. 
The total annual average discharge from these outfalls 

was estimated to be about 5,369 million gallons per year 
occurring on the average in 70 events. 

Outfall 
Number 

1 
2 
3 
4 
5 
6 
8 
9 

10 
1 7  

1 

1 

1 
2 
1 

1 

Type of 
Wastewater 

Cooling 
Cooling 
Cooling 
Cooling 
Cooling 
Cooling 
Cooling 
Cooling 
Cooling 
Cooling 

Process 

Process and 
Cooling 

Process and 
Cooling 

Cooling 

Cooling 

Rural Storm Water Runoff 
About 385,000 acres, or 88  percent of the total area of 
the watershed, are devoted to rural land use activities. 
The most important rural land cover categories were row 
crops with 24 percent, hay with 20 percent, other open 
space with 15  percent, small grains with 9 percent, wood- 
lands with 9 percent, and wetlands, swamps, and marshes 
with 6 percent of the watershed. As of May 1975, there 
were an estimated 479 domestic livestock operations- 
operations of 25 or more equivalent animal units-having 
a total of 40,790 equivalent animal units within the 
watershed. Of the 479 operations, 242, or 51  percent, 
were located within 500 feet of the surface water system 
of the watershed. 

Known 
Treatment 

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

None 

Aerated 
Lagoons 

Sprav 
Irrigation 

None 

None 

Pollution Loadings 
A summary of the pollution loadings in the Milwaukee 
River watershed is presented in Table 93 and depicted 
in Figure 34. Urban sources of pollution are estimated 
to contribute 21 percent of the nitrogen, 46 percent 
of the phosphorus, 31 percent of the biochemical oxygen 
demand, 62 percent of the fecal coliform, and 47 percent 
of the sediment which occur as water pollutants in the 
Milwaukee River and its tributaries. Of the urban con- 
tribution, point sources of pollution are estimated to 
contribute 50 percent of the nitrogen, 30 percent of the 
phosphorus, 33 percent of the biochemical oxygen 
demand, 96 percent of the fecal coliform, and less than 
1 percent of the sediment. Diffuse sources-including the 
estimated septic tank and construction-related con- 



Table 93 

SUMMARY OF ESTIMATED AVERAGE ANNUAL POLLUTANT LOADINGS IN THE MILWAUKEE RIVER WATERSHED: 1975 
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Source 
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Prlvale Sewage Treatment Plants 
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Sanmtary Sewer Flow Rrilei  Drvcer 

Urban Point Source T O ~ ~ I S  

Urban D f l u r e  souices 
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Source 

Urban Diffuse Source Totals 

urban source Torar  
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~ ~ ~ r s i o c k  Ooerafonr 

Cropland. Parruro .  and Unused 
Rvrai Land 

Si.urcuiiurai 

A r  P o u l o n  to Surface Warar  

Rura l  D,ffureSource To tar  

Diffuse Sovrcp Totals 

Total Sources 

Average 

Total Ertlmated 
Loading 

536.820 0 
65.830 0 

460.450 0 
280.000.000 0 

3 1 0 0  

10,2100 
8.380 0 

27.070 o 
0 0  

1 5 0  

109.340 0 
54,6700 

1 . ~ 3 . 3 7 0  o 
350.000.000 0 

1.640 0 

37 530 0 
6,720 0 

131.470 o 
0 0  

1 7 0 0  

7,380 0 
2.460 0 

73.800 0 
11.000.0000 

3 5 0  

701.280 0 
138.0600 

1,786,1600 
641.000.000 0 

2.1700 

116.5200 
9.320 0 

707 830 0 
4660.640 0 

7.940 0 

49,090 0 
4.090 0 

532.310 0 
1,799,820 0 

2.030 0 

25.320 0 
2,1100 

l i l . 2 2 0  0 
1.868.680 0 

1.470 0 

61,0200 1 

Loads prerenred m paoods per year, excepr for fecal coliform presented ,n counts x 108per year, and sedimenr pre- 
senfed in ronr per year 

Source. SEWRPC. 

nitrogen, 54 percent of the phosphorus, 69 percent of the 
biochemical oxygen demand, 38 percent of the fecal 
coliform, and 53 percent of the sediment which occur as 
water pollutants in the watershed. Of the rural pollution 
sources, none are point sources, since none of the live- 

- 
LoadsC 

Year 

percent 

8 1 
6 6  
2 6  

26 1 
0 0  

0 2  
0 8 
0 2 
0 0  
0 0  

1 6  
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6 3  

3 2  6 
0 1 
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0 7 
o 8 
0 0  
0 0  

0 1 
0 2 
0 4 

1 0  
0 0  

10 5 
1 3 9  
1 0 2  
59 7 

0 2  

1 7  
0 9 
4 0 
0 4 
0 7 

0 7  
0 4 
3 0 
0 2 
0 2 

0 4  
0 2  
0 6 
0 2 
0 1 

0 9  1 

stock operations in the watershed are of sufficient size to 
fall within the definition used in this report. Other 
livestock feeding operations-inclusive of the disposal 
of manure on croplands--are estimated to contribute 

~ x f e n t ~  

63830 
63830 
63830 
63830 
83830 

312380 
312380 
312380 
312380 
312380 

40000 
40000 
40000 
40000 
40000 

5112 
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5112 
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51 12 

~verage Year 

Total Erflmated 
Loadcng 

714.8500 
314.6400 

3,648,500 0 
24.797.236 0 

518.240 0 

1.416.130.0 
452.700 0 

5.432.760 0 
665.797.236.0 

518.410.0 

1.812.770.0 
421.280 0 

7.097.900 0 
408.512.000.0 

22.340 0 

3,299,7300 
107.9600 

3.936.460.0 

35 percent of the nitrogen, 78 percent of the phosphorus, 
59 percent of the biochemical oxygen demand, almost all 

tributions in the drainage areaaccount for the remaining of the fecal coliform, and 4 percent of the sediment from 
50 percent of the nitrogen, 70 percent of the phosphorus, rural sources. The remainder of the estimated rural 
67 percent of the biochemical oxygen demand, 4 percent pollution load, or 65 percent of the nitrogen, 22 percent 
of the fecal coliform, and nearly all of the sediment of the phosphorus, 41 percent of the biochemical oxygen 
contributed from urban sources. demand, essentially none of the fecal coliform, and 

96 percent of the sediment, is contributed by other rural 
Of the total pollutant loads, rural pollution sources are diffuse sources, namely storm water runoff from rural 
estimated to contribute the remaining 79 percent of the land uses and atmospheric loadings to surface waters. 
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Figure 34 
SUMMARY OF ESTIMATED AVERAGE ANNUAL POLLUTANT LOADINGS IN THE MILWAUKEE RIVER WATERSHED: 1975 
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Source: SEWRPC. 



WATERSHED OF MINOR STREAMS DIRECTLY 
TRIBUTARY TO LAKE MICHIGAN 

Table 94 

Barnes Creek Subwatershed 
The Barnes Creek subwatershed is a natural surface water 
drainage unit 4.5 square miles in areal extent located in 
the southeastern portion of the Region. The boundaries 
of the basin, together with the location of the main 
channel, are shown on Map 61, along with the generalized 
land uses as of 1975. The main stem of Barnes Creek 
originates two miles north of the Illinois state line and 
less than one mile from Lake Michigan in Kenosha 
County, and discharges to Lake Michigan in the Town 
of Pleasant Prairie in Kenosha County. About 65 percent 
of the total area of the subwatershed is still in rural land 
uses, with about 84 percent of this rural area still in 
agricultural use. Most of the agricultural-related land 
use is located in the southwestern portions of the sub- 
watershed. Table 94 sets forth the extent and proportion 
of the major land cover categories within the drainage 
area as they relate to water quality conditions in 1975. 

The soils within the Barnes Creek subwatershed are 
generally silt loarns. Most of the soils are relatively fertile 
and produce high crop yields if managed correctly. 
Sediment discharges from these soils may result in high 
nutrient levels in stream waters. 

Particularly important to comprehensive water quality 
management planning are the soil suitability interpreta- 
tions for specified types of urban development. Based 
upon the interpretations of the soil properties, about 
32 percent of the subwatershed is covered by soils that 
have severe or very severe limitations for residential 
development with public sanitary sewer service, as shown 
on Map 62; almost the entire subwatershed, or about 
96 percent, is covered by soils which have severe or 
very severe limitations for small lot (less than one acre 
in size) residential development without public sanitary 
sewer, as shown on Map 63; and about 61 percent of the 
subwatershed consists of soils that have severe or very 
severe limitations for large lot (one acre or larger in size) 
residential development, as shown on Map 64. 

Municipal and Private Sewage Treatment Facilities: In 
1975, a portion of one sanitary sewerage system served 
a total area of about 0.34 square mile within the sub- 
watershed, or about 7 percent of the total area of the 
subwatershed, and a total population of about 1,100 per- 
sons, or approximately 39 percent of the total resident 
population of the subwatershed. 

There are no municipal or private sewage treatment 
plants located in the Barnes Creek subwatershed. 

Sanitary Sewerage System Flow Relief Points: In 197 5, 
there were no known sanitary sewer flow relief points 
in the Barnes Creek subwatershed. 

Other Known Point Sources: There are no known other - 
point sources of pollution (industrial waste discharges) in 
the Barnes Creek subwatershed. 

AREAL EXTENT OF WATER QUALITY-RELATED IN LAND 
COVER IN THE BARNES CREEK SUBWATERSHED: 1975 

a These special land cover categories, defined primarily according to their 
imperviousness and vegetative cover characteristics and effects on the 
quality of storm water runoff, were delineated at a scale of  I" = 400' on 
aerial photographs taken in May 1975 and were measured to the nearest 
full acre, using dot-counting overlays. The total acreages measured within 
hydrologic subbasins were then adjusted to the preliminary control totals 
measured by digitizer from base maps of hydrologic subbasins at a scale of  
1" = 2000'. Both the "square mi1es"and the '@ercent"shown above were 
then computed and rounded to the nearest hundredth (0.011 of a percent. 
The final control total for the Barnes Creek subwatershed is indicated 
on Map 61. 

Land covera 

Urban 
Residential . . . . . . . . . . . . . . . .  

b 
Commercial . . . . . . . . . . . . . . .  
Industrial 

Manufacturing . . . . . . . . . . . . .  
Landfills and Dumps . . . . . . . . .  

Extractive . . . . . . . . . . . . . . . . .  
Transportation 

Streets and Highways. . . . . . . . . . .  
Airfields . . . . . . . . . . . . . . . . . .  
Railroad Yards and Terminals. . . .  

Recreation 
Golf Courses. . . . . . . . . . . . . .  
Parks and Other Recreation . . . . .  

Land Under Development 
ResidentialC . . . . . . . . . . . . . .  
Commercial . . . . . . . . . . . . . . . .  
Industrial . . . . . . . . . . . . . . . . . .  
Transportation . . . . . . . . . . . .  
Recreation . . . . . . . . . . . . . . .  

Rural 
Agricultural 

Small Grains. . . . . . . . . . . . . .  
Hay. . . . . . . . . . . . .  _ 
RowCrops . . . . . . . . . . . . . . .  
Specialty Crops . . . . . . . . . . . .  
Sod Farm . . . . . . . . . . . . . . . . .  

d 
Other Open Space . . . . . . . . . .  

Silvicultural 
Woodlands . . . . . . . . . . . . . . .  
Orchards and Nurseries. . . . . . . .  

Natural and Man-Made Water Areas- 
Subject to  Atmospheric 
Pollutant Contributions 
Ponds, Lakes, and Streams. . . . . . - .  
Wetlands, Swamps, and Marshes. . .  

Total 

Includes: retail, communication, utilities, administrative, and institutional 
land uses. 

Based on 1975 total residential lands, adjusted by the 1970 ratio between 
residential lands and residential lands under development. 

Square 
Miles 

0.89 
0.14 

0.01 
0.00 
0.09 

. - 

0.02 

0.50 

--  

0.16 
0.03 
1.40 
0.06 

0.91 

0.24 
0.01 

0.24 

4.70 

Includes: pasture, unused urban and rural lands. 

Source: U, S. Department of Agriculture, Soil Conservation Service and 

Agricultural Stabilization and Conservation Service; County Soil 
and Water Conservation Districts; University of Wisconsin-Extension 
Service; and SEWRPC. 

Acres 

567 
89 

3 
2 

54 

--  
. - 

.. 

13 

319 
- . 

-- 
- -  

100 
19 

895 
38 
. . 

583 

155 
9 

154 

3,000 

Percent 

18.91 
2.96 

0.10 
0.07 
1.80 

-. 

.- 

.- 

0.43 

10.63 
.- 

3.35 
0.63 

29.82 
1.27 

19.42 

5.16 
0.30 

. - 
5.14 

100.00 



Map 61 through approximately 522 privately owned onsite 
sewage disposal systems, consisting of 515 septic tanks, 

THE LOCATION, BOUNDARIES, AND MAJOR 4 holding tanks, and 3 mound systems. These systems 
STREAMS OF THE BARNES CREEK SUBWATERSHED- serve a total resident population of about 1,900 persons, 

SHOWING GENERALIZED LAND USES: 1975 or about 61  percent of the total resident population 
of the subwatershed. Of this total, about 1,400 persons, 
or about 82 percent, resided in concentrated areas 
of urban development having at least 32 housing units 
in a U. S. Public Land Survey quarter section. These 
scattered quarter sections of urban land use concentra- 
tion totaled about 1.4 square miles of urban land use, or 
about 31 percent of the total area of the subwatershed. 

LEGEND 

SUBURBAN AND LOW DENSITY RESIDENTIAL (0.2-22 I DWELLING UNITS PER NET RESIDENTIAL ACRE! 

I MEDIUM DENSITY RESIDENTIAL 12.3-6.9 DWELLING 
UNITS PER NET RESIDENTIAL ACRE! 

NONE H l W  DENSITY RESIDENTIAL (20-17.9 DWELLING 
U N I T S  PER NET RESIDENTIAL A C R E )  

PRIMARY ENVIRONMENTAL CORRIDOR PRESERVATION m THROUGH PUBLIC AQUISITION 

NONE MAJOR RETAIL AND SERVICE CENTER 

NONE MAJOR INDUSTRIAL CENTER 

NONE PUBLIC AIRPORl  

NONE MAJOR PUBLIC OUTDOOR RECREATION CENTER 

The Barnes Creek subwarershed is about five square miles in areal extent, or 
s h u t  0.2 perwnf of the total area of the Region. The water qualiw in the 
tubwaterohed in affected by the various land ursr ar shown. There are no 
public or private wastewater treatment plants, flow relief devises, or other 
point rourcsr of wanewater in the nubwatershed. 

Source: SEWRPC. 

Privately Owned Onsite Sanitary Wastewater Treatment: 
In additlon to being provided through the centralrzed 
sanitary sewerage service within the subwatershed, sani- 
tary wastewater treatment and disposal is provided 

Urban Storm Water Management Systems: As noted in 
Table 94, land cover categories associated with urban 
land uses as of 1975 comprised about 1,000 acres, or 
about 35 percent of the Bames Creek subwatershed. The 
most important urban land cover category was residential 
land, with about 19  percent. 

There were no known urban storm water drainage sys- 
tems providing service to the subareas of the Bames 
Creek subwatershed. 

Rural Storm Water Runoff: About 2,000 acres, or 
65 percent of the total area of the subwatershed, are 
devoted to rural land use activities. The most important 
rural land cover categories were row crops with 3 0  per- 
cent, other open space with 19 percent, and wetlands, 
swamps, and marshes with 5 percent of the drainage area. 
As of May 1975, there was only one known domestic 
animal operation- operation of 25 or more equivalent 
animal units-having a total of about 10 equivalent 
animal units within the tributary drainage area. The 
operation was not located within 500 feet of the surface 
water system of the subwatershed. 

Pollution Loadings: A summary of the estimated average 
annual pollution loadings in the Bames Creek subwater- 
shed is presented in Table 95 and depicted in Figure 35. 
Urban sources of pollution are estimated to contribute 
59 percent of the nitrogen, 96 percent of the phosphorus, 
89 percent of the biochemical oxygen demand, 97 percent 
of the fecal coliform, and 89 percent of the sediment 
which occur as water pollutants in the Bames Creek 
subwatershed. Urban sources of pollution are estimated 
to consist entirely of diffuse sourcesincluding the 
estimated septic tank and construction-related contribu- 
tions in the drainage areasince there are no known 
point sources of pollution in the subwatershed. 

Of the total pollutant loads, rural pollution sources are 
estimated to  contribute the remaining 41 percent of the 
nitrogen, 4 percent of the phosphorus, 11 percent of the 
biochemical demand, 3 percent of the fecal coliform, and 
11 percent of the sediment which occur as water pollu- 
tants within the subwatersbed. Of the rural pollution 
sources, none are point sources, since none of the live- 
stock operations in the subwatershed are of sufficient size 
to fall within the definition used in this report. Other 
livestock feeding operations-inclusive of the disposal 
of manure on croplands--me estimated to  contribute 



Map 62 
SUITABILITY OF SOILS FOR RESIDENTIAL DEVELOPMENT WITH 

SEWER SERVICE IN THE BARNES CREEK SUBWATERSHED 
LEGEND 

AREAS COVERED BY SOILS 
HAVING SEVERE LIMITATIONS 
FOR RESIDENTIAL DEVELOPMENT 
WlTH PUBLIC SANITARY SEWER 

oRaP"!c BGALr  

.om FEE. "- 

Of Particular importanae in comprehensive water quality Planning i s  the recognition of the limitations inherent in theroil r-ouree bars. About 32percent of the 
area of the Barnes Creek subwaterohed in covered with roil* which are poorly suited for residential development with publie sanitary rewr  remice or, more pre- 
cisely, residential develo~ment of any kind. There soils, which include wet soils having a high water table or p w r  dralnage, organicroils which are poorly drained 
and provide poor foundation support, and rail* which have a flood hazard, are especially prevalent in the riverine are- of the subwstenhed. 

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

Map 63 
SUITABILITY OF SOILS FOR SMALL LOT RESIDENTIAL DEVELOPMENT WITHOUT 

SEWER SERVICE IN THE BARNES CREEK SUBWATERSHED 
LEGEND 

AREAS COVERED BY SOILS 
HAVING SEVERE LIMITATIONS 
FOR RESIDENTIAL DEVELOPMENT 
WITH SEPTIC TANK SEWAGE 
DISPOSAL ON L O T S  L E S S  
THAN ONE ACRE IN  S l Z E  

I 
*"**"C SeaLC 

+coo FS67 

ADDraxlmamly 96 percent of the area of the Barn- Creek subwatershed is covered by soils poorly suited for reoidentisl development on lo* having an area smaller 
than one acre and not relwd by public sanitary sewerage facilities. Reliance on septic tank nswags dirpwsl Vrtemr In there are=, which are covered by relatively 
impervious soils or are subject to resronally high water tables, can only result in svsntusl malfunctioning of such ryrtemr and the consequent intensification of 
water pollution and public health problems in the subwaterrhed. 

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

Map 64 
SUITABILITY OF SOILS FOR LARGE LOT RESIDENTIAL DEVELOPMENT WITHOUT 

EWER SERVICE IN THE BARNES CREEK SUBWATERSHED 
LEGEND 

AREAS COVERED BY SOILS 
HAVING SEVERE LIMITATIONS 
FOR RESIDENTIAL DEVELOPMENT 
WITH SEPTIC TANK SEWAGE 
DISPOSAL ON L O T S  ONE ACRE 
OR MORE IN  S l Z E  

I 
OR*P",C SCALE 

SEE? 

"- 
Approximately 61 percent of the area of the Barnes Creek subwaterrhed is covered by ~oi ls poorly suited for residential development on lots having an area of one 
acre Or  more and not r e ~ e d  by public sanitary swragn faeilitiar. The inherent limitations of the- mils for peptie tank rswags dispmal ryrtemr cannot be overcome 
simply by the provision of larger lots, and the urs of such systems on these roils, which cannot absorb the rswage effluent, ultimately mrultr in surface ponding and 
runoff of Partially treated wastes into nearby watsrcounea. 

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





Figure 35 

SUMMARY OF ESTIMATED AVERAGE ANNUAL POLLUTANT LOADINGS IN THE BARNES CREEK SUBWATERSHED: 1975 

Soom:  SEWRPC 
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Pike Creek Subwatershed 
The Pike Creek subwatershed is a natural surface water 

Table 96 

drainage unit 7.1 square miles in areal extent located in 
the southeastern portion of the Region. The boundaries 
of the basin, together with the location of the main 
channel of the Pike Creek, are shown on Map 65, along 
with the locations of the known point sources of pollu- 
tion and the generalized land uses as of 1975. The main 
stem of Pike Creek originates in the north-central portion 
of the City of Kenosha in Kenosha County and discharges 
to Lake Michigan at the Kenosha harbor in the City of 
Kenosha. About 28 percent of the total area of the 
subwatershed remains in rural land uses, with about 
91  percent of this rural area in agricultural use. Table 96 
sets forth the extent and proportion of the major land 
cover categories within the drainage area as they relate 
to  water quality conditions in 1975. 

The natural soils within the Pike Creek subwatershed 
are generally silt loams. Most of the soils are relatively 
fertile and produce high crop yields if managed correctly. 
Sediment discharges from these soils may result in high 
nutrient levels in stream waters. 

Particularly important to  comprehensive water quality 
management planning are the soil suitability interpreta- 
tions for specified types of urban development. Based 
upon the interpretations of the soil properties, about 
15 percent of the subwatershed is covered by soils that 
have severe or very severe limitations for residential 
development with public sanitary sewer service, as shown 
on Map 66; about 95 percent of the subwatershed is 
covered by soils that have severe or very severe limita- 
tions for small lot (less than one acre in size) residential 
development without public sanitary sewer, as shown 
on Map 67; and about 37 percent of the subwatershed 
is covered by soils that have severe or very severe limita- 
tions for large lot (one acre or larger in size) residential 
development, as shown on Map 68. 

Municipal and Private Sewage Treatment Facilities: In 
1975, a portion of one sanitary sewerage system served 
a total area of about 5.4 square miles within the sub- 
watershed, or about 76 percent of the total area of 
the subwatershed, and a total population of about 
30,800 persons, or approximately 99 percent of the 
total resident population of the subwatershed. In addi- 
tion, a small portion of the subwatershed area, with 
negligible population, was served by combined storm and 
sanitary sewerage systems. 

There are no municipal or private sewage treatment 
plants located in the Pike Creek subwatershed. 

Sanitary Sewerage Flow Relief Points: In 1975, there 
were five known sanitary sewer flow relief devices in 
the subwatershed, as listed in Table 97 and shown on 
Map 65. Of the total five flow relief devices, three were 
sanitary sewerage system crossovers and two were relief 
pumping stations. All five of these flow relief devices 
discharge directly to the main stem of Pike Creek. 

AREAL EXTENT OF WATER QUALITY-RELATED LAND 
COVER IN THE PIKE CREEK SUBWATERSHED: 1975 

a These special land cover categories, defined primarily according to  their 
imperviousness and vegetative cover characteristics and effects on the 
quality of storm water runoff, were delineated at a scale o f  1" = 400' on 
aerial photographs taken in May 1975 and were measured to  the nearest 
full acre, using dot-counting overlays. The total acreages measured within 
hydrologic subbasins were then adjusted to  the preliminary control totals 
measured by digitizer from base maps o f  hydrologic subbasins at a scale of 
7"  = 2000: Both the 'Square mi1es"and the 'percent"shown above were 
then computed and rounded to the nearest hundredth (0.01) of a percent. 
The final control total for the Pike Creek subwatershed is indicated on 
Map 65. 

Includes: retail, communication, utilities, administrative, and institutional 
land uses. 

Land covera 

Urban 
. . . . . . . . . . . . . . .  Residential 

Commercial . . . . . . . . . . . . . . .  
Industrial 

. . . . . . . . . . . . .  Manufacturing 
. . . . . . . . . . .  Landfills and Dumps 

Extractive. . . . . . . . . . . . . . . . .  
Transportation 

. . . . . . . .  Streets and Highways. 
Airfields . . . . . . . . . . . . . . . .  

. . .  Railroad Yards and Terminals. 
Recreation 

. . . . . . . . . . . . .  Golf Courses. 
Parks and Other Recreation . . . . .  

Land Under Development 
~esidential . . . . . . . . . . . . . .  

. . . . . . . . . . . . . .  Commercial 
Industrial. . . . . . . . . . . . . . . .  

. . . . . . . . . . . .  Transportation 
Recreation . . . . . . . . . . . . . . .  

Rural 
Agricultural 

Small Grains. . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . .  Hay. 

. . . . . . . . . . . . . .  Row Crops. 
. . . . . . . . . . . .  Specialty Crops 

Sod Farm . . . .  
d " " " " "  Other Open Space . . . . . . . . . .  

Silvicultural 
Woodlands . . . . . . . . . . . . . . .  
Orchards and Nurseries. . . . . . . .  

Natural and Man-Made Water Areas- 
Subject t o  Atmospheric 
Pollutant Contributions 

Ponds, Lakes, and Streams. . . . . .  
. .  Wetlands, Swamps, and Marshes. 

Total 

Based on 1975 total residential lands, adjusted by the 1970 ratio between 
residential lands and residential lands under development. 

Acres 

1,957 
323 

546 

42 
- -  
- -  

141 

254 
- -  
-- 
- -  
- -  

102 
75 

641 
16 

330 

5 1 
- -  

. - 
68 

4,546 

Square 
Miles 

3.06 
0.50 

0.85 

0.07 
- -  

- -  
0.22 

0.40 

-. 

-. 

0.16 
0.12 
1.00 
0.03 

0.52 

0.08 
- -  

.- 

0.1 1 

7.13 

Includes: pasture, unused urban and rural lands. 

Percent 

43.05 
7.1 1 

12.01 
- -  

0.92 
- -  
-. 

. - 
3.10 

5.59 

- -  
- -  

2.24 
1.65 

14.10 
0.35 

-- 
7.26 

1.12 
- -  

- -  
1.50 

100.00 

Source: U. S. Department of Agriculture, Soil Conservation Service and 
Agricultural Stabilization and Conservation Service; County Soil 
and Water Conservation Districts/ University o f  Wisconsin-Extension 
Service; and SEWRPC. 



Map 65 Map 66 

THE LOCATION, BOUNDARIES, AND MAJOR 
STREAMS OF THE PIKE CREEK SUBWATERSHED- 

SHOWING POINT SOURCES OF POLLUTION 
AND GENERALIZED LAND USES: 1975 

,.... -- - - 
U..,~ ~ m "  

t . "..~ - - - ,.--. - 
LEGEND 

SUBURW AND LOW DENSITY RESIDWTIbL 102-2.2 
DWELLING UNITS PER NET RESIDENTIAL ACRE) 

MEDIUM DENSlTY RESIDENTIbL 12.3-69 DWELLlNC. 
UNITS PER NET RESIDENTIAL ACRE 1 

H I M  DENSIT? RESlDENTYL (70-17.9 DWELLING 
UNITS PER NET RESIDENTIAL ACRE) 

NONE PRIMARY ENVIRONMENTAL CORRIDOR PRESERVATION 
THROWH PU8LlC AQUISITION 

MAJOR RETUL AND SERVlCE CENTER 

MAJoR INDUSTRIAL CENTER 

NONE PUBLIC AIRPORT 

NONE MAJOR PUBUC OUTOWR RECREATION C E M E R  

POINT SOURCES OF POLLUTION 

+ PUBLIC SEWAGE TREATMENT FACILln 

+ FfUVATE SEWME TREATMENT FACILITI  

KNOWN POINT SOURCE OF W-EIYaTER OTHER THAN 

KNOWN FLOW RELIEF DEYlCES 

COMBINED SEWER OUTFALL 

0 BYPASS 

CROSSOVER 

a PWABLE RELIEF PUMPING STATION 

RELIEF PUMPlNO STATION 

The Pike Creek rubwatershed is about raven square mile l  in areal extent, or 
about 0.3 percant of the total area of the Region. The water quality i n  the 
subwatershed is affected by the various land user ar well ar the five f low 
relief devi~es and one other point sourcs of  wastewater as shown. 

Source: SEWRPC. 

Other Known Point Sources: One other known point 
source of pollution was identified in the subwatershed 
in 1975. The American Motors Corporation-Main Plant 
discharges cooling water indirectly to Pike Creek via 
storm sewers. Table 98 summarizes the characteristics of 
this point source, and its location is shown on Map 65. 

SUITABILITY OF SOILS FOR RESIDENTIAL 
DEVELOPMENT WITH PUBLIC SANITARY SEWER SERVICE i ,  

IN THE PlKE CREEK SUBWATERSHED 

LEGEND 

m E A S  COVERED 8" SOILS HAYINO SEVERE OR 
YERY SEVERE LIMITATIONS FOR RESIDENTIAL 
DEVELOPMENT W l T H  PUBLIC SANITARY SEWER 
SERVICE 

Of particular importance in comprehensive water quality planning is the 
recognition of the limitations inherent in the roil resource bare. About 
15 percent of the area o f  the Pike Creek rubwatershed is covered withrei lr  
which are poorly suited for residential development with public raniraw 
r s m r  sewice or, more p r e ~ i ~ e l v ,  re~identiel development d any kind. Thew 
60i16. which include wet soils having a high water taMe or poor drainaga. 
organic roilr which are poorly drained and provide poor foundation suppom. 
and noilr which have a flood hazard, are eswciallv prevalent i n  the riverine 
areas of the rubwafenhed. 

Source: SEWRPC. 

Map 67 

SUITABILITY OF SOILS FOR SMALL LOT RESIDENTIAL 
DEVELOPMENT WITHOUT PUBLIC SANITARY SEWER 

SERVICE IN THE PlKE CREEK SUBWATERSHED 

&REAS COVERED el SOILS HhVINO SEVERE OR 
YERY SEVERE <.IMITATIONS FOR RESIDENTIAL 
DEVELOPMENT W I T H  SEPTIC TANK SEWAeE DISPOSAL 
ON LOTS LESS T W N  AN ACRE IN SIZE 

Approximately 95 percent of the srea of the Pike Creek subwatershed 
i p  covered by soils poorly suited for residential development on lot$ having 
an srea smaller than one acre and not u ~ e d  by public sanitary rewerage 
faeilitier. Reliance an rsptic tank sewaga disposal wrtems in these areas, 
which are eoversd by relatively impewious roils or are subject t o  searonallv 
high water tables, can only rewlt in eventual malfunctioning of auch ryotsrnl 
and the consequent intensification of water p ~ l l u t l o n  and public health 
problems i n  the subwatershed. 

Source: SEWRPC. 



Map 68 

SUITABILITY OF SOILS FOR LARGE LOT RESIDENTIAL 
DEVELOPMENT WITHOUT PUBLIC SANITARY SEWER 

SERVICE I N  THE PlKE CREEK SUBWATERSHED 

e-"'.c' 

LEGEND 

AREAS COVERED BY SOILS HAWNO SEVERE OR 
VERY SEVERE LIMITATIONS FOR RE41DENTIaL 
DEVELOPMENT W I T H  SEPT1C ThNK SEWhOE D l S W M L  
ON LOTS ONE ACRE OR MORE IN SIZE 

Approximetdy 37 percent of the area o f  the Pike Creak subwatershed is 
-red by soils poorly wifed for reridential development an lots having 
an ares a f  one acre or more and not  rerued by public sanitary rewerage 
facilities. The inherent limitationo o f  there roils for septic tank rewage 
diap+ral systems cannot be overcome rimply by tiw provision of largar lots. 
and the "re o f  such systems on these soils, which eannat abrorb the sewage 
effluent, ultimately rerultr in rueface ponding and runoff of partially treated 

wastes into nearby watercourses. 

Pnvately Ouned Onsite Sanitary \\'astewater Treatment: 
I n  addition to being provided through the centralized 
sanitary sewerage &vice within the subwatershed, 
sanitarv wastewater treatment and disposal is provided 
through approximately 1 6 1  ~rivately owned onsite 
sewage disposal systems, all  of which are septic tanks. 
These systems serve a total resident population of about 
400 persons, or about 1 percent of the total resident 
population of the subwatershed. Of this total, about 
370 persons, or about 88 percent, resided in concentrated 
areas of nrban development having at least 32 housing 
units in a U. S. Public Land Survey quarter section. These 
scattered quarter sections of urban land use concentra- 
tion totaled about 0.25 square mile of urban land use, or 
about 4 percent of tbe total area of the subwatershed. 

Urban Storm Water Management Systems: As noted in 
Table 96. land cover categories associated with urban 
land uses' as of 1975 comprised about 3,300 acres, or 
about 72 percent of the Pike Creek subwatershed. The 
most important urban land cover categoly was residential 
land, with about 43 percent. 

There was one known nrban stonn water drainage system 
providing service t o  the subareas of the Pike Creek 
subwatershed. This system was operated by the City 
of Kenosha. 

Source: SEWRPC 

Table 97 

KNOWN SANITARY SEWERAGE SYSTEM FLOW RELIEF DEVICES I N  THE 
PlKE CREEK WATERSHED I N  THE REGION BY RECEIVING STREAM AND CIVIL DIVISION: 1975 

-~ ~ ~~~ - ~ ~ 

Combined Relief Portable 
Receiving Civil Sewer Pumping Pumping 

Stream Division Outfalls Crossovers Bypasses Stations Stations Total , 

Source: SEWRPC. 

Total .. 

Table 98  
CHARACTERISTICS OF OTHER KNOWN POINT SOURCES OF WATER POLLUTION IN THE PlKE CREEK SUBWATERSHED: 1975 

"".?$ sDeC I . ",,<lo o,"c.m.rr. ddi,. ".a,'. oorJo,.". n oroe, orpro,"  , r m ,  <*arre, / ,'.,?or,, < , c o w  ,n m+ M.,c,nsm DeOar>nao,of Nd,,,. Ra60urcr.r .no<, m. 
11 ?cons n Pol ulanr Drcrary? E ln l  ,I., on S) rrcm 0 ,  ,nos, S c r r ~ n  101 01 !hc W ~ o n r  n Llom,,, r r r d  6e Coor o, lrom m e  Wrcoorln Po uldnr Drcharp6 E,.nl its, ,o 

s,si;m orrm r ire I 7 romr ,,ex .,ncn 12 m o m s  o f  ,mr ,eoor.ed, mr arcreg: a n < a   no mu.m.m moor" nydrar 'c  d irnaryr razes rare rsi.,r,~rco 

KENOSHACOUNTY 
American Motors 
Corporstion- 

Main Plan* 

from the avail& monthly discharge data or from f i e  flow &fa er reported in fie permit. 

Source: Wisconsin Departmenr of Natural Rerourc-ces and SEWRPC. 

3 

Reported Maximum 
Monthly Hydraulic 

Dischams Rats 
(gallons per day? 

Reported Average 
Annual Hydraulic 

oirchsrgs Rate 
(ga~ionr per dayia 

371 1 

.. 

~eceiving 
Wafsr 
B O ~ V  ~ a m e  

City of 
Keno~ha 

2 

Known 
~rsatment 

Outfall 
Number 

Standard 
Industrial 

Clasification 
code 

Cooling 

.. 5 

Civil 
Division 
~ocation 

None 

Type of 
wastewater 

1 Pike River 
via Storm Sewer 

2,335,000 2,834,000 



Urban Poinr Source Torals 

Table 99 

SUMMARY OF ESTIMATED AVERAGE ANNUAL POLLUTANT LOADINGS I N  THE PIKE CREEK SUBWATERSHED: 1975 

Total Nitrogen 
Total Phorph~rur  
Blochemlcai Oxygen Demand 
Fecal C o f o r m  
Sediment 

Loadrb 

Average Year 

1957 Total Nltiogen 
1957 Tolal Pharphoru~ 
1957 B~ochemical Oxygen oemand 
1957 Fecal Co18form 
1957 Sed~ment 

Loadsb 

Average Year 

Total Ntrogen 
Total Phorohor~r 
Blochemcal oxygen Demand 
Fecal Coi8fo.m 
Sedl-nent 

source E X ~ Z " ~ =  paramere, To?.! Estimated 
Source ~ x f e n t ~  Parameter Loadlng Percent 

Urban Point Sources 

Munlcipal SewageTreatmenr Plants . 0 Total Nitrogen 
Urban Df fu re  Source Toralr Total Nttrogen 34,2900 63  0 

0 Toral Phosphorus 
Total Phosphorus 13.3100 9 0 9  

0 Blochemica1 oxygen Demand 
Bloohemlcal Oxygen Demand 171,2500 8 0 4  

0 Fecal Coliform 
Fecal Coilform 1.216.446 0 76 2 

0 Sediment 
Sedrmenl 20.900.0 89.2 

Private Sewage Trentmenr Plants 0 Total Nltragen Urban Sovice Totals ~ o t a l  ~ l f r a g e n  37,0300 68.1 

0 Total Phorphorur 
Total Phorphoiur 14.1000 9 6 2  

0 B#ochem#cal Oxygen Demand 
B!ochem#cal Oxygen Demand 195.070 0 9 1 6  

0 Fecal Col<form 
~ e c ~ l  collform 1.596.446 0 100.0 

0 Sedlmenf 
Sediment 20.935 0 8 9 4  

Combined Sewer Overflow 0 Total Nlfrogen Rural D#ffureSourcer 

0 Total Phorpharur L,"erfl)ck 0pera1,onr 0 Total Nitrogen 0 0 0.0 

0 B<ochem#cal Oxygen Demand 0 Total Phosphorus 0 0  0.0 
0 Fecal Col8form 0 Biochemical Oxygen Demand 0 0 0.0 
0 Sediment 0 Fecal Coi$form 0 0 0.0 

0 swl,menr 0 0 0.0 
Indurlrlal Dlichargei 1 Total Nirogen 2.490 0 4 6 

1 Total Phosphorus 7 1 0 0  4 8  Cropland. Partuie. and Unused 
1 Btorhemical Oxygen Demand 21 320 0 1 0 0  Rural Land . . 1164 Total Nrtrogen 17.240.0 31 7 
1 Fecal Col\form 1164 Total Phorphorur 540 0 3 7 
1 Sed~ment 3 5 0  0 1  1164 Blochcmical Oxygen Demand 17,620 0 8 3 

1164 Fecal Coltform 0 0 0.0 

Sanltary Sewer Flow Reltef Devlcer 5 Total Nitroqen 250 0 n 5 1164 Sedlmenf 2.485 0 1 0 6  

Total Nilrogen 
Total  Phorpharu~ 
B~achem~cal Oxygen Demand 
Fecal  Coliform 
Sedment 

Total Nitragen 
Total Pharphorur 
B*achem#caI Oxygen Demand 
Fecal Coilform 
sedimenl 

42  Total N~trogen 
42  Total Phariihorus 
42  88ochemical Oxygen Demand 
42 Fecal  Calmform 
42 Sed~rnent 

141 Total Ntrogen 
141 Total Phorphorur 
141 Brochemtcal Oxygen Demand 
141 Fecal Coi>farrn 
141 Sedlmenf 

254 Toral Nttrogen 
254 Total Phrophorur 
254 Blochemlca Oxygen Demand 
254 Fecal Col8form 
254 Sedlmen! 

Tofal Phosphorus 
Blochemlcal oxygen Demand 
Fecal Ca l fa rm 
Sed~ment 

The storm water drainage system has a tributary drainage 
area of about 5.0 square miles, or about 70 percent of 
the total area of the subwatershed. A negligible percent 
of the total area of the subwatershed is served by com- 
bined sanitary and storm sewers as noted above. Included 
within this storm water drainage area are a total of 
12  known storm water outfalls ranging in size from 
15  inches to 84 inches in diameter. There were two 
known storm water pumping facilities and no known 
storm water storage facilities in the subwatershed. The 
total annual average discharge from these outfalls is 
estimated t o  be about 641 million gallons per year 
occurring on the average in 70 events. 

Rural Dlffure SourceTofalr 

B#ochemical Oxygen Demand 
Fecal Coliform 

Total Nitrogen 
Total Pharpharur 
Blochemlcal Oxygen Demand 
Fecal Coliform 
Sedtmenf 

Tola1 Nlrragen 51.6500 95D 
Total Pharphorur 13.8600 9 4 6  
Btochem#cal Oxygen Demand 189,1000 88 8 
Fecal Collform 
sed#ment 1 1 ' 2 ~ : ~ ~ ~ ~  ~ izi ~ 

io ta1  source. Total Nitrogen 54.390 0 100.0 
Total Pharphorur 14.6500 1 0 0 0  
Blochemica1 Oxygen Demand 212.9200 1 0 0 0  
Fecal Collfarm 1,596,1826 1 0 0 0  
Sedlmenf 23.4250 1 0 0 0  

a Urban porn? sources are expressed ,n number of plann. ocher facii,ries. andporon of  sewage flaw re1,eL urban d,ffure 
sources are expressed ,n number of acres except se~fic rysremr whxh are expressedin che nvmhe, of persons ~erved;~"d 
rural diffuse rources are expressed ,n acres except livestock operanons whxh are expressed in e ~ ~ r v a l e n f  animal onis. 

b ~ o a d r  p a n t e d  m pound5 per year, excepc for fecal coiiform presenred 10 counn x 108per year. sediment pre- 
senfed m ronr per year 

SDurce SEWRPC 

Rural Storm Water Runoff: About 1,300 acres, or 
28 percent of the total area of the subwatershed, are 
devoted to  rural land use activities. The most impor- 
tant rural land cover categories were row crops with 
14  percent and other open space with 7 percent of the 
subwatershed. As of May 1975, there were no domestic 
livestock operations within the tributary drainage area. 

Pollution Loadings: A summary of the estimated average 
annual pollution loadings in the Pike Creek subwatershed 
is presented in Table 99-and depicted in Figure 36. Urban 
sources of pollution are estimated to  contribute 68 per- 
cent of the nitrogen, 96 percent of the phosphorus, 
92 percent of the biochemical oxygen demand, all 
of the fecal coliform, and 89 percent of the sediment 
which occur as water pollutants to  the Pike Creek sub- 
watershed. Of the urban contribution, point sources 
of pollution are estimated to  contribute 7 percent of 
the nitrogen, 6 percent of the phosphorus, 12  percent 
of the biochemical oxygen demand, 24 percent of the 
fecal coliform, and a negligible portion of the sedi- 
ment. Diffuse sources-including the estimated septic 
tank and construction-related contributions in the 



Figure 36 

SUMMARY OF ESTIMATEDAVERAGE ANNUAL POLLUTANT LOADINGS I N  THE PIKE CREEK SUBWATERSHED: 1975 

Source: SEWRPC. 

%So I l l  I l l  I l  I I I I l  
P -0 



drainage area-account for the remaining 93 percent 
of the nitrogen, 94 percent of the phosphorus, 88 per- 
cent of the biochemical oxygen demand, 76 percent 
of the fecal coliform, and almost all of the sediment 
contributed from urban sources. 

Of the total pollutant loads, rural pollution sources are 
estimated to  contribute the remaining 32 percent of the 
nitrogen, 4 percent of the phosphorus, 8 percent of the 
biochemical oxygen demand, a negligible portion of the 
fecal coliform, and 11 percent of the sediment which 
occur as water pollutants in the tributary area. Of the 
rural pollution sources, none are point sources, since 
there are no livestock operations in the subwatershed. 
The remainder of the estimated rural pollution load is 
contributed by other rural diffuse sources, namely storm 
water runoff from rural land uses and atmospheric 
loadings to  surface waters. 

Sucker Creek Subwatershed 
The Sucker Creek subwatershed is a natural surface 
water drainage unit 10.4 square miles in areal extent 
located in the northeast portion of the Region. The 
boundaries of the basin, together with the location of 
the main channel of the Sucker Creek, are shown on 
Map 69, along with the generalized land uses as of 1975. 
The main stem of Sucker Creek originates in the north- 
east comer of Ozaukee County and discharges to Lake 
Michigan three miles north of the harbor in the City of 
Port Washington in the same county. About 93 percent 
of the total area of the subwatershed is still in rural land 
uses, with about 94 percent of this rural area in agricul- 
tural use. Most of the urban-related land use is located 
in the southern tip of the subwatershed. Table 100 sets 
forth the extent and proportion of the major land cover 
categories within the subwatershed as they relate to  water 
quality conditions in 1975. 

The soils within the Sucker Creek subwatershed are 
generally silt loams. Most of the soils are relatively 
fertile and produce high crop yields if managed cor- 
rectly. Sediment discharges from these soils may result 
in high nutrient levels in stream waters. 

Particularly important to comprehensive water quality 
management planning are the soil suitability interpreta- 
tions for specified types of urban development. Based 
upon the interpretations of the soil properties, about 
15 percent of the subwatershed is covered by soils that 
have severe or very severe limitations for residential 
development with public sanitary sewer service, as shown 
on Map 70, almost the entire subwatershed, or about 
96 percent, is covered by soils that have severe or very 
severe limitations for small lot (less than one acre in size) 
residential development without public sanitary sewer, 
as shown on Map 71; and about 29 percent of the sub- 
watershed is covered by soils that have severe or very 
severe limitations for large lot (one acre or larger in size) 
residential development without public sanitary sewer, 
as shown on Map 72. 

Municipal and Private Sewage Treatment Facilities: In 
1975, a portion of one sanitary sewerage system served 
a total area of about 0.03 square mile within the sub- 
watershed, or about 0.3 percent of the total area of 

Table 100 

Urban 
. . . . . . . . . . . . . . . .  Residential 
. . . . . . . . . . . . . . .  commercialb 

Industrial 
Manufacturing. . . . . . . . . . . . .  

. . . . . . . . .  Landfills and Dumps 
. . . . . . . . . . . . . . . .  Extractive. 

Transportation 
. . . . . . . .  Streets and Highways. 

Airfields . . . . . . . . . . . . . . . .  
Railroad Yards and Terminals. . . .  

Recreation 
Golf Courses. . . . . . . . . . . . . .  
Parks and Other Recreation . . . . .  

Land Under Development 
~es iden t ia l~  . . . . . . . . . . . . . .  
Commercial . . . . . . . . . . . . . .  
Industrial. . . . . . . . . . . . . . . .  
Transportation . . . . . . . . . . . .  
Recreation . . . . . . . . . . . . . . .  

AREAL EXTENT OF WATER QUALITY-RELATED LAND 
COVER IN THE SUCKER CREEK SUBWATERSHED: 1975 

Rural 
Agricultural 

Small Grains. . . . . . . . . . . . . .  
Hay. . . . . . . . . . . . . . . . . . .  
Row Crops. . . . . . . . . . . . . . .  
Specialty Crops . . . . . . . . . . . .  

. . . .  Sod Farm 
d " " " " "  

Other Open Space . . . . . . . . . .  
Silvicultural 

Woodlands. . . . . . . . . . . . . . .  
. . . . . . .  Orchards and Nurseries. 

Natural and Man-Made Water Areas- 
Subject to  Atmospheric 
Pollutant Contributions 

Ponds, Lakes, and Streams. . . . . .  
Wetlands, Swamps, and Marshes. . .  

Total 

Land covera 

a These special land cover categories, defined primarily according t o  their 
imperviousness and vegetative cover characteristics and effects on the 
quality of storm water runoff, were delineated at a scale of 7"  = 400' on 
aerial photographs taken in May 1975 and were measured to  the nearest 
full acre, using dot-counting overlays. The total acreages measured within 
hydrologic subbasins were then adjusted to  the control totals measured by 
digitizer from base maps o f  hydrologic subbasins at a scale o f  I"= 2000'. 
Both the "square mi1es"and the 'Percent"shown above were then com- 
puted and rounded to the nearest hundredth 10.011 o f  a percent. 

Includes: retail, communication, utilities, administrative, and institutional 
land uses. 

Square 
Miles 

Based on 1975 total residential lands, adjusted by the 1970 ratio between 
residential lands and residential lands under development. 

Includes: pasture, unused urban and rural lands. 

Acres 

The total area of the Sucker Creek subwatershed represented in this table is 
different than the total area of the Sucker Creek subwatershed identified in 
the text and on Map 69. This is due to  the fact that the area set forth on 
Map 69 includes only that portion of the Sucker Creek subwatershed lying 
within the civil boundaries that comprise the Southeastern Wisconsin 
Region. The area of the Sucker Creek subwatershed represented in this 
table represents an aggregation of subbasins, the boundaries of which do 
not always coincide with the civil boundaries of the Region. 

Percent 

Source: U. S. Department o f  Agriculture, Soil Conservation Service and 
Agricultural Stabilization and Conservation Service; County Soil 
and Water Conservation Districts; University of Wisconsin-Extension 
Service; and SEWRPC. 



Map 69 Map 70 

THE LOCATION. BOUNDARIES, AND MAJOR STREAMS 
OF THE SUCKER CREEK SUBWATERSHED-SHOWING 

GENERALIZED LAND USES: 1975 

I /  LEGEND 

SUsURWN AND L W  DENSITY 
RESIc.zNTIAL 102-2.2 
DWELUNO U Y m  PER NET 
RESIDENTIAL ACRE) 

MEDIUM DEWITI RESCSNTU 
(2.3-59 D W N G  UNlTS PER 
NET RESIDENTIAL ACRE) 

HlOH DENSITY RESIDENTIAL 
170-1x9 OWELUNG UNlTS PER 
NET RESlDEMlAL ACRE) 

PRIMARY ENVIRMMENTAL 
CORRIWR PRESERYaTIW 
THROUGH PUBLIC AWISITION 

MAdIJOR RETAIL AND 
SERYlCE CENTER 

NONE MAJOR lNDUSTRlAL CENTER 

NONE PUsLlC NRPORT 

NWE M W R  PUBUC OUTDOOR 
RECREATICN CENTER 

The Sucker Creek arbwatenhed is about 10 square miles in areal extent, or 
s h u t  0.4 wrwnf o f  the tot81 area of the Region. The water qualiw in the 
wbwaterohed is affected by the various land uses ar sham. There are no 
public or private wastewater treatment plants, f low relief devices, or other 
point sources of warmwafer in the subwatershed. 

Source: SEWRPC. 

the subwatershed, and a total population of about 
100 persons, or approximately 20 percent of the total 
resident population of the subwatershed. 

There were no municipal or private sewage treatment 
plants located in the Sucker Creek subwatershed as 
of 1975. 

Sanitary Sewerage Flow Relief Points: In 1975, there 
were no known sanitary sewage flow relief points in 
the Sucker Creek subwatershed. 

SUITABILITY OF SOILS FOR RESIDENTIAL 
DEVELOPMENT WlTH PUBLIC SANITARY SEWER SERVICE 

IN THE SUCKER CREEK SUBWATERSHED - - LEGEND 

ARE= COVERED BI 501LS 
HAVINB SEVERE OR VERY 
SEVERE LIMITaTIONS FOR 
RESIOENTIAL DEVELOPMENT 
WlTH PUBLlC SANITARY 
SEWER SERVICE 

Of particular importance in comprehenrivs water quality planning is the 
recognition of the limitations inherent in the roil resource base. About 
15 percent of the area of the Sucker Creek rubwatenhed is covered with 
soils which ore poorly suited for re~idential dwe lopmnt  with public sanitary 
sew, sewice or, more precisely, residential development of any !4nd. These 
roils, which include wet roils having a high water table or poor drainage. 
organic soils which are poorly drained and provide poor foundation 9UpDOrt. 
and tollr which have a flood hazard, are especially prevalent i n  the riverine 
ares$ of the nubwatershed. 

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

Other Known Point Sources: There were no known 
other point sources of pollution (industrial waste dis- 
charges) in the Sucker Creek subwatershed ar of 1975. 

Privately Owned Onsite Sanitary Wastewater Treatment: 
in addition to being provided through the centralized 
sanitary sewerage service within the subwatersbed, sani- 
tary wastewater treatment and disposal is provided 
through approximately 140 privately owned onsite sewage 
disposal systems, consisting of 138 septic tanks and 
2 holding tanks. These systems serve a total resident 
population of about 500 persons, or about 80 percent 
of the total resident population of the subwatershed. 
There are no concentrated areas of urban development 
having at least 32 housing units in a U. S. Public Land 
S w e y  quarter section in the Sucker Creek subwatershed. 

Urban Storm \Vater hlanagemenr Systems: .As noted in 
Table 100, land cover categories associated wirh urban 
land uses as of 1975 comprised about 500 acres, or 
about 7 percent of the Sucker Creek subwatershed. The 
most important urban land cover category was transpor- 
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Table 101 

SUMMARY OF ESTIMATED AVERAGE ANNUAL POLLUTANT LOADINGS IN THE SUCKER CREEK SUBWATERSHED: 1975 

Source 

Urban P a n i  Sources 
Mun#cipsl Sewage Treatment Plants 

Prlvafe Sewage Treatment Plants 

0 Tola1 Nitrogen 
0 Total PhosPhOr~s 
0 B#ochemicsl Oxygen Demand 
0 Few1 Co1,fo.m 

0 Tafsl  Nrrogen 
0 Total Phorphorur 
0 Blochemlcal oxygen Demand 
0 Fecal Col l form 

1 Sanitary Sewer F low Reltef Dev~cer 

0 Total NltrDgen 
0 Total Phorpharur 
0 Btachem8cal Oxygen Demand 
0 Fecal Cal l form 
0 Sediment 

0 Total N~trogen 
0 Total Pharpho'"~ 
0 BOchemlcai oxygen Demand 
0 Fecal Col<form 
0 Sedlmenf 

0 Total Nitrogen 
0 Total Phor~horu r  
0 Blochemlcsl oxygen Demand 
0 Few1 Cal l form 
0 Sedtmenf 

1 Urban Palnt Source Totalr  Total Nitrogen 0.0 
Total Phorllhorur 0 0  
8,ochemic.I oxygen Demand 0 0  
Fecal Co18form 0 0  

Urban Dlf fure Sourcer 
Re.ldenflal . . . . . . . . . 

Commerc8al . . . . . . 

lndusfrlal . . . . . . . . . . . 

Extractive . . . . . 

Tr .n~~ar fa tOn . . 

Recreation . .  . .  . 

Conrfrucflan . . . . . . 

S ~ P T N C  Svstemr . . . . . 

61 Total Nitrogen 

61 Total Phorphorur 
61 B~ochem8cal Oxygen Demand 
61 Fecal Colt form 
61 Sediment 

22 Total Nlrrogen 
22 Total Phor~horu r  
22 BlahemlCal oxygen Demand 
22 Fecal Coi<form 
22 Sediment 

5 Total Nitrogen 

5 Total Phorphorur 
5 Blochemica1 oxygen D ~ m a n d  
5 Fecal Colt form 
5 Sediment 

0 Total N,trogen 
0 Total Phoillhorus 
0 B!ochemical Oxygen Demand 
0 Few1 Col l farm 
0 Sed~menf 

109 Total Nltragen 
109 Total Phor~haru r  
109 Blochem8ca Oxygen Demand 
109 Fecal Co l~ fa rm 
109 Sedtmenf 

0 Total N,trogen 
0 Total Phosphorus 
0 ~ t o c h e m ~ c a l  Oxygen Demand 
0 Fecal Co18form 
0 Sedlmenf 

276 Total Nltmgen 
276 Total Phorphorui 
276 B#ochem%cal Oxygen Demand 
276 Fecal Col l form 
276 Sediment 

476 Total Nitrogen 
476 Total Phosphorus 
476 8#achem~cal Oxygen Demand 
478 Fecal Col8form 
476 Sedlment 

Of the total pollutant loads, rural pollution sources are 
estimated to  contribute the remaining 89 percent of the 
nitrogen, 65 percent of the phosphorus, 84 percent of 
the biochemical oxygen demand, 97 percent of the 
fecal coliform, and 45 percent of the sediment which 

urmn oomr rwms are rxpmsea ,n numoer 01 ~ ,ant r ,  otwr fm~msr anapomn of rewags /low reisel u r h n  dllfure 
I Y U ~ C P ~  are expressed ,n number olacrer e r w r  re~r,c wrtem- w h ~ h  d r r  expressed ,n the number of ~rrions rered and 
,ordl dtffuse SDYICPI are e x ~ r e ~ l c d  ,n acres except h m r a k  mcratwnr wmen are expresseu ,n wur,slent anrmal un,,r 

~ w d d  preenfed in Pounds per year, except for f e d  eoliform presented in covnn x lo8 per year, and sedjment p n -  
senfedin ronrper yea,. 

occur as water pollutants in the subwatershed. Of the 
rural pollution sources, none are point sources, since 
none of the livestock operations in the subwatershed are 
of sufficient size to fall within the definition used in this 
report. Other livestock feeding operations-inclusive of 
the disposal of manure on croplands--are estimated to  
contribute 53 percent of the nitrogen, 90 percent of the 
phosphorus, 77 percent of the biochemical oxygen 
demand, all of the fecal coliform, and 6 percent of the 
sediment from rural sources. The remainder of the 
estimated rural pollution load, or 47 percent of the 
nitrogen, 10 percent of the phosphorus, 23 percent 
of the biochemical oxygen demand, essentially none of 
the fecal coliform, and 94 percent of the sediment, are 
contributed by other rural diffuse sources, namely storm 
water runoff from rural land uses and atmospheric 
loadings to surface waters. 

Parameter 

Total Nitrogen 
Total Phorphoiur 
Blochemlcal Oxygen Demand 
Fecsl Col l form 
Sediment 

Tor.1 Nlfrogen 
Total Phosphor~r  
Blochem#cal Oxygen Demand 
Fecal Coi l form 
Sedlmenf 

Total Nitrogen 
Total Phorphorur 
8ioche?llcal Oxygen Demand 
Fecal Col l form 
Sediment 

Total Nitrogen 

Tofal P h a l ~ h o r u r  
B~ochemical Oxygen Demand 
Fecal Col l form 
Sediment 

Total N l t rwen  
Tafsl  Phorphorur 
B~ochemicsl Oxygen Demand 
Fecal Califarm 
Sediment 

Total Nsrrogen 
Total Phosphorus 
Btochem#cal Oxygen Demand 
Fecal Coi l form 
Sedlmenf 

Total Nitrogen 

Tofal Phosphorus 
B~ochem~ca l  Oxygen Demand 
Fecal C o f o r m  
Sedlmenf 

Total Nitrogen 
Tatal Phorphorvs 
B\ochem#cal Oxygen Demand 
Fecal Co l~ fa rm 
Sediment 

Source 

Urban Diffuse Source Totals 

Urban Source Totals 

Rural D~ f fv reSaurcer  
~ ~ u e ~ t o ~ t  Operatlonr . . . . . 

Cropland. Pasture and Unused 
h r a l  ~ m . 3  . . . . . . . . . 

I 
si lv~cultural  . . . . . . . . . . 

Rural Dlf fusesource Totals 

Diffuse Source Totals 

Total Sources 

~ o a d . ~  
- 

Averaee Year 

~ x t e n f '  

3420 
3420 
3420 
3420 
3420 

6270 
6270 
6270 
6270 
6270 

250 
250 
250 
250 
250 

Total E~ t lmafed  
Loading 

223W.O 
13.2400 
93.100.0 

569.150.0 
23.0500 

Percent 

10.8 
34.5 
15.9 
2 5 

54.5 

13.240.0 34.5 
93.100.0 15.9 

569.150.0 2.5 
23.050.0 54.5 

97.130 0 47.0 
22.570 0 58.8 

360.300.0 65 1 
21,886.000.0 97.5 

1.195 0 2.8 

86.7700 420 
2.550.0 6 6 

109.850.0 18.8 

16.0150 

580.0 
40.0 

1.1500 
1,650.0 

30.0 

184.480 0 
25.160.0 

491.1 00 0 
21.889.650 0 

19,2400 

206.780 0 
38.400.0 

584.2000 
22.458.800.0 

42.290.0 

206.780.0 
38900.0 

584.200.0 
22458800 0 

42,2900 

42.6 

0 3 
0.1 
0.2 
0 0 
0.1 

89.2 
6 5 5  
84 1 
97.5 
45 5 

100.0 
100 0 
100.0 
100 0 
100.0 

100.0 
100.0 
100.0 
100.0 
100 0 



Figure 37 

SUMMARY OF ESTIMATED AVERAGE ANNUAL POLLUTANT LOADINGS IN THE SUCKER CREEK SUBWATERSHED: 1975 

Source: SEWRPC. 
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OAK CREEK WATERSHED Table 102 

The Oak Creek watershed is a natural surface water 
drainage unit 26.3 square miles in areal extent located 
in the east central portion of the Region. The boundaries 
of the basin, together with the locations of the main 
channels of Oak Creek and its principal tributaries, are 
shown on Map 73, along with the locations of the known 
point sources of pollution and the generalized land uses 
as of 1975. The main stem of the Oak Creek originates 
in the City of Franklin and discharges to  Lake Michigan 
at Grant Park in the City 3f South Milwaukee. About 
57 percent of the total area of the watershed is still in 
rural land uses, with about 88 percent of this rural area 
in agricultural use. Most of the agricultural-related land 
use is located in the western and southern portions of 
the watershed. Table 102 sets forth the extent and 
proportion of the major land cover categories within 
the watershed as they relate to  water quality conditions 
in 1975. 

The soils within the Oak Creek watershed are silty clay 
loams, loams, and sandy loams, and are developed on 
glacial till on gently sloping or rolling morainal topog- 
raphy. Most of the soils are relatively fertile and produce 
high crop yields if managed correctly. Sediment dis- 
charges from these soils may result in high nutrient levels 
in stream waters. 

Particularly important to comprehensive water quality 
management planning are the soil suitability interpreta- 
tions for specified types of urban development. It must 
be noted that soils data are lacking for a negligible 
portion of the watershed and therefore all soils interpre- 
tations, although basically correct, must be considered 
to be estimates. Based upon the interpretations of the 
soil properties, about 13 percent of the watershed is 
covered by soils that have severe or very severe limita- 
tions for residential development with public sanitary 
sewer service as shown on Map 74; about 93 percent of 
the watershed is covered by soils that have severe or very 
severe limitations for small lot (less than one acre in size) 
residential development without public sanitary sewer, 
as shown on Map 75; and about 49 percent of the water- 
shed is covered by soils that have severe or very severe 
limitations for large lot (one acre or larger in size) resi- 
dential development, as shown on Map 76. 

Municipal and Private Sewage Treatment Facilities 
In 1975 a total of six sanitary sewerage systems or por- 
tions thereof served a total area of about 17.1 square 
miles within the watershed, or about 65 percent of the 
total area of the watershed, and a total population of 
about 38,300 persons, or approximately 97 percent of 
the total resident population of the watershed. There are 
no publicly or privately owned sewage treatment plants 
discharging to the stream system of the watershed. 

Sanitary Sewerage System Flow Relief Points 
In 1975 there were two known sanitary sewer flow 
relief devices in the watershed, as listed in Table 103 

AREAL EXTENT OF WATER QUALITY-RELATED LAND 
COVER I N  THE OAK CREEK WATERSHED: 1975 

a These special land cover categories, defined primarily according to  their 
imperviousness and vegetative cover characteristics and effects on the 
quality of storm water runoff, were delineated at a scale o f  1" = 400' on 
aerial photographs taken in May 1975 and were measured t o  the nearest 
full acre, using dot-counting overlays. The total acreages measured within 
hydrologic subbasins were then adjusted to  the control totals measured by 
digitizer from base maps of hydrologic subbasins at  a scale o f  I"= 2000: 
Both the "square miles" and the 'percent" shown above were then com- 
puted and rounded to the nearest hundredth 10.01) o f  a percent. 

Land covera 

Urban 
Residential . . . . . . . . . . . . . . . .  
commercialb . . . . . . . . . . . . . . .  
Industrial 

. . . . . . . . . . . . .  Manufacturing 
Landfills and Dumps . . . . . . . . .  

Extractive . . . . . . . . . . . . . . . . .  
Transportation 

. . . . . . . .  Streets and Highways. 
. . . . . . . . . . . . . . . .  Airfields 

Railroad Yards and Terminals. . . .  
Recreation 

Golf Courses. . . . . . . . . . . . . .  
. . . . .  Parks and Other Recreation 

Land Under Development 
. . . . . . . . . . . . . .  ~esidential 

Commercial . . . . . . . . . . . . . . - -  
Industrial . . . . . . . . . . . . . . . .  
Transportation . . . . . . . . . . . .  
Recreation . . . . . . . . . . . . . . .  

Rural 
Agricultural 

Small Grains. . . . . . . . . . . . . .  
Hay . . . . . . . . . . . . . . . . . . .  
Row Crops. . . . . . . . . . . . . . .  
Specialty Crops . . . . . . . . . . . .  
Sod Farm . . . . . . . . . . . . . . .  
Other Open spaced. . . . . . . . . .  

Silvicultural 
Woodlands . . . . . . . . . . . . . . .  

. . . . . . .  Orchards and Nurseries. 
Natural and Man-Made Water Areas- 
Subject t o  Atmospheric 
Pollutant Contributions 

Ponds, Lakes, and Streams. . . . . .  
Wetlands, Swamps, and Marshes. . .  

Total , 

Includes: retail, communication, utilities, administrative, and institutional 
land uses. 

Based on 1975 total residential lands, adjusted by the 1970 ratio between 
residential lands and residential lands under development. 

Square 
Miles 

5.48 
1.03 

0.96 
0.03 
0.09 

0.73 
0.77 
- -  

0.1 5 
1.10 

0.96 

0.02 
- -  
. - 

1.64 
1.30 
3.92 
0.59 
0.10 
5.62 

0.82 
0.24 

0.03 
0.75 

26.33 

Includes: pasture, unused urban and rural lands. 

Source: U. S. Department o f  Agriculture, Soil Conservation Service and 
Agricultural Stabilization and Conservation Service; County Soil 
and Water Conservation Districts; University of Mlisconsin-Extension 
Service; and SEWRPC. 

Acres 

3,508 
661 

614 
20 
55 

465 
493 
- -  

98 
703 

614 
- -  

12 
- -  
- -  

1,047 
832 

2,509 
378 
64 

3,596 

521 
155 

19 
478 

16,842 

Percent 

20.83 
3.92 

3.64 
0.12 
0.33 

2.76 
2.93 

0.58 
4.1 7 

3.65 

0.07 
-- 
- -  

6.22 
4.94 

14.89 
2.25 
0.38 

21.35 

3.09 
0.92 

0.12 
2.83 

100.00 



Map 73 

THE LOCATION, BOUNDARIES, AND MAJOR STREAMS OF THE OAK CREEK WATERSHED- 
SHOWING POINT SOURCES OF POLLUTION AND GENERALIZED LAND USES: 1975 

L E G E N D  

SUBURBAN AN0 LOW 
DENSITY RESIDENTIAL 
10.2- 2 . 2  DWELLING UNITS 
PER NET RESIDENTIAL 
ACRE) 

MEDIUM DENSITY RESIDEN- 
TIAL 12 .3 -6 .9  DWELLING 
UNITS PER NET RESIOEN- 
TIAL ACRE) 

HIGH DENSITY RESIDENTIAL 
( 7 0 - 1 7 9  DWELLING UNITS 
PER NET RESlOENTlAL ACRE1 

PRIMARY ENVIRONMENTAL 
CORRIDOR PRESERVATION 
THROUOH PUBLIC AQUISITION 

N O N  MAJOR RETAIL AN0 SERVICE 
CENTER 

MAJOR INDUSTRIAL CENTER 

NONE PUBLIC AIRPORT 

M N E  MAJOR PUBLIC OUTDOOR 
RECREATION CENTER 

POINT SOURCES O F  P O L L U T I O N  

PUBLIC SEWAGE TREATMENT * FACILITY 

( PRIVATE SEWAGE TREATMENT 
FACILITY 

p KNOWN POINT SOURCE OF 
WASTEWATER OTHER THAN 
SEWAGE TREATMENT PLANT 
OR FLOW RELLEF DEVICES 

KNOWN FLOW RELIEF DEVICES 

9 .  
1 ' _  . . 0 BYPASS 

A CROSSOVER 

* PORTABLE RELIEF PUMPING 
STATION 

RELbEF PUMPiNG STATIC+ 

,",* 
o- 

~ >- '- w m.=. - 
The Oak Creek watershed is about 26 square miles in areal &tent, or about  1 percent o f  t h e  to ta l  area o f  t h e  Region. The  water q u a l i w  i n  the watershed is affected 
bV the various land ures an wel l  as by the t w o  f low relief devices and eight other p o i n t  source$ o f  wastewater ar shown. 

Source: SEWRPC. 

Table 103 

KNOWN SANITARY SEWERAGE SYSTEM FLOW RELIEF DEVICES IN  THE 
OAK CREEK WATERSHED BY RECEIVING STREAM AND CIVIL DIVISION: 1975 

Source: SEWRPC. 

Receiving 
Stream 

Oak Creek 

Total 

Civil 
Division 

City of 
South Milwaukee 

Combined 
Sewer 

Outfalls 

0 

0 

Other Flow Relief Devics 

Total 

2 

2 

Crossovers 

0 

0 

Relief 
Pumping 
Stations 

0 

0 

Bypasses 

2 

2 

Portable 
Pumping 
Stations 

0 

0 



SUITABILITY OF SOILS FOR RESIDENTIAL 
DEVELOPMENT WlTH PUBLIC SANITARY SEWER 

SERVICE IN THE OAK CREEK WATERSHED 

SUITABILITY OF SOILS FOR SMALL LOT RESIDENTIAL 
DEVELOPMENT WITHOUT PUBLIC SANITARY SEWER 

SERVICE IN THE OAK CREEK WATERSHED 

LEGEND 1 
AREAS COVERED BY SOlLS 
MOVING SEYErtE OR VERY 
SEVERE LIMITaTIONS 60- 
RESIDENTIAL DEVELOPMENT 
WlTH PUBLlC SANITACIY 
SEWER SERVCCE 

Of perticuiar impomnee in comprehsnlive water qualily planning i s  the 
recognition of the limitations inherent in the roil resource basa. About 
13 perwnt of the area of the Oak Creek watershed is eovsnd with soil* 
which are poorly ruited for residential development wifh public sanitary 
sewr sewice or. more ~recireiv. residential dsvela~ment of any kind. Thew 
-I 3. who& ncl.ae rsl ronlr hav ng a hlgn water table or pwr dracnage. 
orwnlc so I 6  m o ~ h  are p00r1v dralned and provide poor lo-ndatnon nuwon. 
and sol r wh cn hale a I om hszora. are esoeca ly pre.alent in tne rtverlne 

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

and shown on Map 73. Both of the known sanitary 
sewer flow relief devices were sanitary sewerage system 
bypasses which discharge directly to the main stem of 
the Oak Creek. 

Other Known Point Sources 
A total of eight other known point sources of pollution 
were identified in the watershed in 1975. These other 
point sources consisted primarily of 13 outfalls through 
which industrial cooling and process wastewaters were 
discharged directly or indirectly t o  the surface water 
system. Of these six were identified as discharging only 

LEGEND 

AREAS COVERED BY 501L5 

SEVERE L lMlTATlONS FOR 
RESIDENTIaL DEVELOPMENT 
WlTH SEPTIC T&NK - ~ . , m  
SEWAGE DISPOSAL ON LOTS 
LESS THbN ONE &CRE 
IN SIZE 

Approximately 93 pereent of the ares of the Oak Creek watershed it rovered 
by soils poorly suited for re~identisl development on 10% having an area 
smaller than one s r e  and not sewed by public sanitary reweraw facilities. 
Reliance on septic tank rewage diqonal syamms in these ere-, which are 
covered by rslstivaly impelvious mil$ or are subjecf to seasonally hiah water 
tebie1, can only resuit in eventual malfuncfloning of such wrtemr and the 
consequent intensification of water pollution and public heslth pr&iemr in 
the warershed. 

Soume: U. S. Soil Conservatiw, Sewice and SEWRPC. 

cooling water. The remaining seven were discharging 
other types of wastewaters. Industrial wastewater enters 
Oak Creek and its major tributaries directly through 
industrial waste outfalls or indirectly through drainage 
ditches and storm sewers. Table 104 summarizes by 
receiving stream and civil division the characteristics 
of these other point sources, and Map 73 shows their 
locations. Four of these other point source outfalls 
discharge wastewater directly to Oak Creek and seven 
of the industrial outfalls discharge indirectly to Oak 
Creek. The remaining two outfalls discharge indirectly 
to the North Branch of Oak Creek. 



SUITABILITY OF SOILS FOR LARGE LOT RESIDENTIAL 
DEVELOPMENT WITHOUT PUBLIC SANITARY SEWER 

SERVICE IN THE OAK CREEK WATERSHED 

LEGEND 

A E A S  COVERED BY S01LS 
HAVIVINO SEVERE OR VERY 
SEVERE LIMITaTIONS FOR 
RESlOENTlflL DEVELOPMENT 
WITH SEPTIC TANK 

m*,u m.Lv 

DISPOSAL ON LOTS ONE 
A W E  OR MORE IN SIZE 

Appmximm4v 4 9 w m n t  of the area of th. Oak Cnak watenhd It ~ovemd 
bV roils poorly wired for mldendsl dwslopnent on lots haviw an area of 
one acre or more and not rslved by public sanitary $awerage facilitier. The 
inherent limitstlono of thse soils for reptic tank sewape diap-1 systems 
cannot be overcme rimply by the provision of lareer lo*. and the urs of 
wCh rynems on there soils. which csnnot abrorb the rawage effluent, 
ultimately results in surface pondlng and runoff of partially treated wastes 
into nearby wamrcounsr. 

Privately Owned Onsite Sanitary Wastewater Treatment 
In addition to being provided through centralized sani- 
tary sewerage service within the watershed, sanitary 
wastewater treatment and disposal is provided through 
approximately 309 privately owned onsite sewage dis- 
posal systems consisting of 308 septic tanks, 1 holding 
tank, and no mound systems. These systems serve a total 
resident population of about 1,200 persons, or about 
3 percent, of the total resident population of the water- 
shed. Of this total, about 500 persons, or 42 percent, 
resided in concentrated areas of urban development 
having at least 32 housing units in a U. S. Public Land 

Survey quarter section. These scattered quarter sections 
of urban land use concentration totaled about 0.7 square 
mile of urban land use, or about 3 percent of the total 
area of the watershed. 

Urban Storm Water Management Systems 
As noted in Table 102, land cover categories associated 
with urban land uses as  of 1975 comprised 7,200 acres. 
or about 43 percent of the Oak Crekk watershed.  he 
most important urban land cover category was residential 
land, with about 21 percent of the total watershed area. 

There were a total of four known urban storm water 
drainage systems providing service to the subareas of 
the Oak Creek watershed within the Region in 1975. 
These include the systems operated by the Cities of 
Franklin, Milwaukee, Oak Creek, and South Milwaukee. 
Together, the four storm water drainage systems have 
a tributary drainage area of about 9.7 square miles, 
or about 37 percent of the total area of the watershed. 
Included within this storm water drainage area are 
a total of 85 known storm water outfalls ranging in size 
from 12 to 78 inches in diameter. There were no known 
storm water pumping facilities or storm water storage 
facilities in the watershed. The total annual average 
discharge from these outfalls is estimated to be about 
1,133 million gallons per year occurring on the average 
in 90 events. 

Rural Storm Water Runoff 
About 9,600 acres, or 57 percent of the total area of the 
watershed. are devoted to rural land use activities. The 
most important rural land cover categories comprising 
more than 5 percent of the watershed area were row 
crops with 15 percent, hay with 5 percent, other open 
space with 21 percent, and small grains with 6 percent 
of the watershed. As of May 1975, there were an esti- 
mated two domestic livestock operations-operations of 
25 or more equivalent animal unit+-having a total of 
about 110 equivalent animal units within the watershed. 
Of the two operations, one was located within 500 feet 
of the surface water system of the watershed. 

Pollution Loadings 
A summary of the estimated average annual pollution 
loadings in the Oak Creek watershed is presented in 
Table 105 and depicted in Figure 38. Urban sources of 
pollution are estimated to contribute 51 percent of the 
nitrogen, 90 percent of the phosphorus, 79 percent of 
the biochemical oxygen demand, 79 percent of the 
fecal coliform, and 82 percent of the sediment which 
occur as water pollutants in the Oak Creek watershed. 
Of the urban contribution, point sources of pollution 
are estimated to contribute 5 percent of the nitrogen, 
3 percent of the phosphorus, 7 percent of the bio- 
chemical oxygen demand, none of the fecal coliform, 
and almost no sediment. Diffuse sourcesincluding the 
estimated septic tank and construction-related contri- 
butions in the drainage area--account for the remaining 
95 percent of the nitrogen, 97 percent of the phosphorus, 
93 percent of the biochemical oxygen demand, all of 
the fecal coliform, and almost all of the sediment con- 
tributed from urban sources. 



Table 104 

CHARACTERISTICS OF OTHER KNOWN POINT SOURCES OF WATER POLLUTION IN THE OAK CREEK WATERSHED: 1975 

NOTE: N/A indicates data no t  available 

a Unless specifically noted otherwise, data were obtained, i n  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 o r  from the Wisconsin Pollutant Discharge Elimination System permit itself. In  
some cases when 12 months o f  flow data were no t  reported, the average annual and maximum monthly hydraulic discharge rates were estimated from the available monthly discharge 
data or from the flow data as reported i n  the permit. 

Reported Maximum 
Monthly Hydraulic 

Discharge Rate 
(gallons per dayla 

28,800 

14,000 

84,000 

78,000 

162.500 

300,000 

590,000 

7,500 

600 

1,585,000 

1.01 3,000 

Intermittent 

Intermittent 

Source: Wisconsin Department o f  Natural Resources and SEWRPC. 

Of the total pollutant loads, rural pollution sources are 
estimated to contribute the remaining 49 percent of the 
nitrogen, 10 percent of the phosphorus, 21 percent of the 
biochemical oxygen demand, 21 percent of the fecal 
coliform, and 18 percent of the sediment which occur as 
water pollutants in the watershed. Livestock feeding 
operations-inclusive of the disposal of manure on 
croplands--are estimated to contribute 3 percent of the 
nitrogen, 19 percent of the phosphorus, 9 percent of the 

Receiving 
Water Body 

Oak Creek 
via Storm Sewer 

Oak Creek 
via Storm Sewer 

OakCreek 

Oak Creek 
via Storm Sewer 

Oak Creek 
via Storm Sewer 

Oak Creek 

OakCreek 

Tributary of 
North Branch 
Oak Creek 
via Storm Sewer 

North Branch 
Oak Creek 
via Storm Sewer 

Oak Creek 
via Storm Sewer 

OakCreek 
via Storm Sewer 

Oak Creek 
via Storm Sewer 

Oak Creek 

Outfall 
Number 

1 

3 

1 

1 

2 

3 

5 

1 

1 

1 

12 

1 

1 

biochemical oxygen demand, 99 percent of the fecal 
coliform, and almost no sediment from rural sources. 
The remainder of the estimated rural pollution load, or 
97 percent of the nitrogen, 81  percent of the phosphorus, 
91 percent of the biochemical oxygen demand, 1 percent 
of the fecal coliform, and almost all of the sediment, are 
contributed by other rural diffuse sources, namely storm 
water runoff from rural land uses and atmospheric 
loadings to surface waters. 

Reported Average 
Annual Hydraulic 

Discharge Rate 
(gallons per day)a 

22.600 

1 1,500 

66,000 

42,200 

1 17,000 

136.600 

468,400 

4,400 

600 

585,000 

171,000 

Intermittent 

Intermittent 

Known 
Treatment 

None 

None 

None 

None 

None 

None 

None 

N /A 

Holding 
Pond 

N /A 

N/A 

None 

Oil 
Separator 

Name 

MILWAUKEE COUNTY 
Appleton Electric Company- 

Lighting Products Division 

Appleton Electric Company- 
Foundry Division 

Bucyrus Erie Company 

Harley-Davidson 
Motor Company 

Industrial Fuel. Inc. 

Ladish Company 

Milwaukee County 
Park Commission- 
Oak Creek Park 

Union Oil 
Truck Stop 

Standard 
Industrial 

Classification 
Code 

3643 

3679 

3532 

3751 

5093 

3462 

7032 

5541 

Civil 
Division 
Location 

City of 
South Milwaukee 

City of 
South Milwaukee 

City of 
South Milwaukee 

City of 
Oak Creek 

City of 
Oak Creek 

City of 
Cudahy 

City of 
South Milwaukee 

City of 
Oak Creek 

Type of 
Wastewater 

Process 

Process 

Cooling 

Cooling 

Cooling 

Process and 
Cooling 

Process and 
Cooling 

Cooling 

Process 

Cooling 

Cooling 

Swimming 
Pool Overflow 

Runoff 



Table 105 

SUMMARY OF ESTIMATED AVERAGE ANNUAL POLLUTANT LOADINGS IN THE OAK CREEK WATERSHED: 1975 

Parameter Source 

Urban Pomf Sources 

Muo8ci~al Sewage Treatment Plants . 

Source ~ x f e n f ~  

Urban Diffuse source Totals Total Nlfrogen 
Total Phalphorul 
Biochemical Oxygen Demand 
Fecal Colifarm 
Sediment 

~xtent '  

0 
0 
0 
0 
0 1 Urban Source Totals Total Nitrogen 97.380 0 

Total Phosphatvr 37,180.0 
Blochemlcal Oxygen Demand 498.W00 
Fecal Coliform 2.684.348.0 
Sediment 63.445.0 

Parameter 

Total Nitrogen 
Total Phosphorus 
B#ochemical Oxygen Semand 
Fecal Col~form 
sediment 

Pr8vafe Sewage Treatment Plants Total Nitrogen 
Total Phosphor". 
Blochemica1 oxygen Demand 
Fecal Collform 
Sediment 

Load3 

Average Year 

Rural Diffure Saurcer 
Llvertack Operatlo"$ 

Total Estimated 
Loading 

0.0 
0 0 
0 0  
0 0  
0.0 

Total Nitrogen 
Total Phosphorus 
Biochemical oxygen Demand 
Fecal Colifarm 
Sediment 

percent 

0.0 
0.0 
0 0  
0 0  
0.0 

1 Combined Sewer Overflow 0 
0 
0 
0 
0 

Cropland. Parfure. and Unused 
Rural Land . . . . . 

Total Nlfr~gen 
Total Phosphor". 
Blochemlcsioxygen Demand 
Fecal Coliform 
sediment 

8 
8 
8 
8 
8 

Total Nlfrogen 
Total Phorphoi". 
Biochemical oxygen Demand 
Fecal Caisform 
Sed~menf 

Total N~trogen 
Total Phorphorur 
B#ochemical Oxygen Demand 
Fecal Coilform 
Sedmenf 

Sanitary Sewer Flow ~e l t e f  ~evlcer Total Nitrogen 
Total Phosphor~s 
B~ochem$cal Oxygen Demand 
F ~ a l  CoI8form 
sed,ment 

Total NltrOgcn 
Total Phor"horur 
B~ochcmtcal Oxygen Demand 
FRal Collform 
Sedlmenl 

Total Nitrogen 
Total Phorphorvr 
Blochemicsl oxygen Demand 
Fecal Collform 
Sediment 

Urban Point Source Totalr 
Total Nitrogen 
Total Phorphorur 
8vxhemlcal Oxygen Demand 
Fecal Coliform 
Sediment 

Urban Diffuse Sources 
Res#denf#al . . . . . . . Total Nitrogen 93.800.0 

Total Phosphorus 3.940.0 
Biochemical Oxygen Demand 130.740.0 
Fecal Col8form 708.461.6 
Sediment 13.835 0 

Total Nlfrogen 
Total Phosphor". 
Biochemical Oxygen Demand 
Fecal Collfarm 
Sedlmenf 

Dlffure Source Totals Total Nitrogen 
Total Phosphor", 
Blochemica1 oxygen Demand 
Fecal Collform 

Tofal Nitrogen 
Total Phorphor". 
Biochemical Oxygen Demand 
Fecal Colifotm 
Seddmenr 

Total Sourcer 

661 
661 
661 
661 
651 

Total Nitrogen 
Total Phosphorus 
88ochem~cal Oxygen Demand 
Fecal Colrform 
sediment 

634 
634 
634 
634 
634 

a Urban point sources are expressed in number of plans, ofher facilities, and points of s e w  flow relief; urbm diffuse 
rwreer are expressed m number of e m s  except septic rvrfemr which are e x p m e d i n  the number of persons remd;snd 
rum1 diffuse s w m  are expressed m acres except livestock operations which are expressed in quimlent animal units. 

Loads presented in pounds per year. except for fecal eoliform presented in counts x 18 per year, and sediment pre- 
*"fed in per VBsr 

Source; SEWRPC. 

Total Nitrogen 
Total Pho$phorus 
Brachem8cal Oxygen Demand 
Fecal Coliform 
Sedimenf 

55 
55 
55 
55 
55 

Transportatton . . . . 

Recreation . . . . . . . . . . . 

Construct~on . . . . . . . . . . 

Septic Syrtemr . . . . . . . . 

Total Nmogen 
Total Pho.ph0r". 
Blochem8caI Oxygen Demand 
F ~ a l  Colifarm 
sediment 

958 
958 
958 
958 
958 

Total Nlrtogen 
Tofal Phorphorus 
Blochemica1 Oxygen Demand 
Fecal Colifarm 
Sediment 

801 
801 
801 
801 
801 

Total Nitrogen 
Total Phorphorul 
Bloehemi~al Oxygen Demand 
Fecal Coliform 
Sediment 

626 
626 
626 
626 
626 

Total Nitrogen 
Total Phosphorus 
B~ochemical Oxygen Demand 
Fecal Col8form 
Sediment 

1175 
1175 
1175 
1175 
1175 

Total Nlfrogen 
Total Phosphor~s 
Blochemleal Oxygen Demand 
Fecal Coliform 
Sdlrnrn, 



Figure 38 

SUMMARY OF ESTIMATED AVERAGE ANNUAL POLLUTANT LOADINGS I N  THE OAK CREEK WATERSHED: 1975 
NITROGEN 

SEDIMENT 

Sour-e: SEWRPC. 



PIKE RIVER WATERSHED Table 106 

The Pike River watershed is a natural surface water 
drainage unit about 50.7 square miles in areal extent 
located in the southeastern portion of the Region. The 
boundaries of the basin, together with the locations of 
the main channels of the Pike River and its principal 
tributaries, are shown on Map 77, along with the loca- 
tions of the known point sources of pollution and the 
generalized land uses as of 1975. The main stem of the 
Pike River rises in southeastern Racine County two miles 
north of the Village of Sturtevant and flows easterly 
and southerly through the northern part of the City of 
Kenosha to Lake Michigan. About 80 percent of the 
total area of the watershed is still in rural land uses, with 
about 92 percent of this rural area in agricultural use. 
Most of the urban-related land uses are located in the 
north-central and eastern portions of the watershed. 
Table 106 sets forth the extent and proportion of the 
major land cover categories within the watershed as they 
relate to water quality conditions in 1975. 

The soils within the Pike River watershed consist of deep 
to moderately deep silt loams. Most of the soils are 
relatively fertile and produce high crop yields if managed 
correctly. Sediment discharges from these soils may result 
in high nutrient levels in stream waters. 

Particularly important to comprehensive water quality 
management planning are the soil suitability interpreta- 
tions for specified types of ,urban development. Based 
upon the interpretations of the soil properties, about 
25 percent of the watershed is covered by soils that have 
severe or very 'severe limitations for residential develop- 
ment with public sanitary sewer service as shown on 
Map 78; approximately all of the watershed, or about 
95 percent, is covered by soils that have severe or very 
severe limitations for small lot (less than one acre in size) 
residential development without public sanitary sewer, 
as shown on Map 79; and about 51 percent of the water- 
shed is covered by soils that have severe or very severe 
limitations for large lot (one acre or larger in size) resi- 
dential development, as shown on Map 80. 

Municipal and Private Sewage Treatment Facilities 
In 1975, a total of seven sanitary sewerage systems or 
portions thereof served a total area of about 9.6 square 
miles within the watershed, or about 19 percent of the 
total area of the watershed, and a total population of 
about 23,600 persons, or approximately 85 percent of 
the total resident population of the watershed. 

Two municipally owned sewage treatment plants are 
located in the Pike River watershed. The two plants, 
which serve the Village of Sturtevant and portions of 
the Town of Somers, discharge treated effluents to  
the Waxdale tributary and the Somers tributary of 
the Pike Creek, respectively. Selected information for 
these municipal sewage treatment plants is set forth in 
Table 107, and the plant locations are shown on Map 77. 
In addition to the publicly owned sewage treatment 
facilities, two private wastewater treatment facilities exist 

AREAL EXTENT OF WATER QUALITY-RELATED LAND 
COVER IN THE PIKE RIVER WATERSHED: 1975 

a These special land cover categories, defined primarily according to  their 
imperviousness and vegetative cover characteristics and effects on the 
quality of storm water runoff, were delineated at a scale of 1 " = 400' on 
aerial photographs taken in May 1975 and were measured to  the nearest 
full acre, using dotcounting overlays. The total acreages measured within 
hydrologic subbasins were then adjusted to  the preliminary control totals 
measured by digitizer from base maps o f  hydrologic subbasins at a scale of 
1" = 2000'. Both the "square mi1es"and the 'percent"shown above were 
then computed and rounded to the nearest hundredth (0.011 of a percent. 
The final control total for the Pike Creek watershed is indicated on Map 77. 

Land covera 

Urban 
Residential . . . . . . . . . . . . . . . .  

b 
Commercial . . . . . . . . . . . . . . .  
Industrial 

Manufacturing . . . . . . . . . . . . .  
Landfills and Dumps . . . . . . . . .  

Extractive. . . . . . . . . . . . . . . . .  
Transportation 

Streets and Highways. . . . . . . . .  
Airfields . . . . . . . . . . . . . . . .  
Railroad Yards and Terminals. . . .  

Recreation 
Golf Courses. . . . . . . . . . . . . .  
Parks and Other Recreation . . . . .  

Land Under Development 
~esidential . . . . . . . . . . . . . .  
Commercial . . . . . . . . . . . . . .  
Industrial. . . . . . . . . . . . . . . .  
Transportation . . . . . . . . . . . .  
Recreation . . . . . . . . . . . . . . .  

Rural 
Agricultural 

Small Grains. . . . . . . . . . . . . .  
Hay. . . . . . . . . . . . . . . . . . .  
Row Crops. . . . . . . . . . . . . . .  
Specialty Crops . . . . . . . . . . . .  
Sod Farm . . . . . . . . . . . . . . .  

d 
Other Open Space . . . . . . . . . .  

Silvicultural 
Woodlands . . . . . . . . . . . . . . .  
Orchards and Nurseries. . . . . . . .  

Natural and Man-Made Water Areas- 
Subject to  Atmospheric 
Pollutant Contributions 

. . . . .  Ponds, Lakes, and Streams. 
. .  Wetlands, Swamps, and Marshes. 

Total 

Includes: retail, communication, utilities, administrative, and institutional 
land uses. 

Based on 1975 total residential lands, adjusted by the 1970 ratio between 
residential lands and residential lands under development. 

Square 
Miles 

4.89 
1.08 

1.03 
0.15 
0.1 4 

0.1 7 
0.26 
0.07 

0.96 
0.31 

1.07 
- -  
0.15 

- -  

2.94 
2.15 

23.05 
3.45 
0.27 
5.36 

1.47 
0.43 

0.13 
1.03 

50.56 

Includes: pasture, unused urban and rural lands. 

Source: U. S. Department o f  Agriculture, Soil Conservation Service and 
Agricultural Stabilization and Conservation Service; County Soil 
and Water Conservation Districts; University o f  Mlisconsin-Extension 
Service; and SEWRPC. 

Acres 

3,127 
690 

657 
95 
92 

110 
167 
42 

617 
200 

687 
- -  

93 
- -  
- -  

1,881 
1,404 

14,749 
2,207 

170 
3,431 

940 
273 

82 
662 

32,376 

Percent 

9.66 
2.13 

2.03 
0.29 
0.28 

0.34 
0.52 
0.13 

1.91 
0.62 

2.12 
- -  
0.28 
-- 

5.81 
4.34 

45.55 
6.82 
0.53 

10.64 

2.90 
0.84 

0.25 
2.04 

100.00 



THE LOCATION. BOUNDARIES, AND MAJOR STREAMS OF THE PIKE RIVER WATERSHED- 
SHOWING POINT SOURCES OF POLLUTION AND GENERALIZED LAND USES: 1975 

LEGEND 

SUBURBAN AND LOW DENSITY 
RESIDENTIAL ( 0 2-2.2 
DWELLING UNITS PER NET 
RESIDENTIAL ACRE) 

MEDIUM DENSITY RESIDENTIAL 
(2.3-6.9 DWELLING UNITS PER 
NET RESIDENTIAL ACRE 

HIGH DENSITY RESIDENTIAL 
( 7 0 - 1 7 9  DWELLING UNITS PER 
NET RESIDENTIAL ACRE 

PRIMARY ENVIRONMENTAL 
CORRIDOR PRESERVATION 
THROUGH PUBLIC AQUISITION 

NONE MAJOR RETAIL AND 
SERVICE CENTER 

MAJOR INDUSTRlAL CENTER 

PUBLIC AIRPORT 

M m R  PUBLIC OUTDOOR 
RECREATION CENTER 

POINT SOURCES OF POLLUTION 

PUBLIC SEWAGE TREATMENT 
FACILITY 

PRIVATE SEWAGE TREATMENT ' FACILITY 

KNOWN POINT SOURCE OF 8 WASTEWATER OTHER THAN 
SEWAGE TREATMENT PLANT 
OR FLOW RELIEF DEVICES 

KNOWN FLOW RELIEF DEVICES 

COMBINED SEWER OUTFALL 

0 BYPASS 

CROSSOVER 

A PoRTnsLE RELIEF PUMPING 
STATION 

A RELIEF PUMPING STATION 

The Pike River watershed is about 51 square miles in amal extent, or about 2 percent of the total ares of the Region. The water quality In the watershed is affected 
by the various land uses as well ar by the two public wastewater treatment plans, two private wastewater treatment plants, sight flow relief device*. and five other 
point Ioureen of wastewater as shown. 

Source: SEWRPC. 



Map 78 

SUITABILITY OF SOILS FOR RESIDENTIAL 
DEVELOPMENT WITH PUBLIC SANITARY SEWER 

SERVICE I N  THE PlKE RIVER WATERSHED 

Map 79 I 
SUITABILITY OF SOILS FOR SMALL LOT RESIDENTIAL 

I 

DEVELOPMENT WITHOUT PUBLIC SANITARY SEWER 
SERVICE IN THE PlKE RIVER WATERSHED I 

ARE68 COVERED BY SOlLS 
H & W O  K V E R E  OR VERY 
SEVERE LIMITATIONS FOR 
RESIOENTIAL DEVELOPMENT 
W7H PUsLlC ShNITnRI 
SEWER SERVICE 

-",* %..' 
"- -- 

Of pavtiwlar importance in mrnprehenrlve water quality planning is the 
recognition of the limitations inherent in the wii rerwrce bas. Abour 
25 oercent of the arsa of the Pike R i i r  watershed is covered with soil$ ~ ~ . ~ ~~ 

which are D W ~ Y  suited for residential development with public sanitary 
ssrrsr rarvice or, more precissly, residential development of sny k i d .  Thass 
soils, which include wet soils having a high water tabla or poor dreinape, 
organic eoik which are poorw dralned and provide poor foundation support, 
and foil$ Which haw a flood harard, an srpeelally p m i e n t  In the riverlne 
area6 of the wsfenhed. 

S ~ I C ~ :  U. S. Scii & n e m i o n  Sewice and SEWRPC. 

W E A S  COVERED eY SOlLS 
YNINe SEVERE OR VERY 
SEVERE LIMITATIONS FOR 
RCSIDENTIAL DEVELOPMENT 
WlTH ZEPTlC TbNK 
SEWAGE OISPOSAL ON LOTS 
LESS THAN ONE ACRE 
IN SlZE 

-'- 

Approxlmateiy 95 percent of the area of the Pike River watershed is ~overed 
by mils poorly suited for reridentiel development on im having an ama 
smaller than one scm and not served by public sanitary srrsmge facilities. 
Reliance on rsptie lank rewage disposal systafsms in thew are-, which are 
covered by relatively impervious odls or are subject to searonally high water 
tables, can only result in eventual malfunetiining of ruch symmn and the 
conm(lu~nt intenriftcation of water pollution and public health problem in 
the watenhed. 

Scone: U. S. Sci; mnmmtion Senice end SEWRPC. 



SUITABILITY OF SOILS FOR LARGE LOT RESIDENTIAL 
DEVELOPMENT WITHOUT PUBLIC SANITARY SEWER 

SERVICE IN THE PIKE RIVER WATERSHED 

LEGEND 

AREaS COVERED 81 501L5 
HAVING SEVERE OR VCR? 
SEVERE LIMITATIONS FOR 
RESIDENTIAL DEVELOPMENT 
WITH SEPTlC TANK 
DISPOSAL ON LOTS ONE 
ACRE OR MORE IN SIZE 

Approximately 61 percent of the area of the Pike River watershed is covered 
bv soils pmrly suited for residential development on lots having an area of 
MB acre or rnore and nor rsrvsd by public sanitary Sewsraps fscilitiet. The 
inherent limifationr of there mils for reptic fank sewage dirporai ryrtemr 
cannot Lx overcome simply by the provision of larger lots, and the use of 
~ u c h  system3 on these roils, which cannot absorb the sewage effluent, 
ultimately results in surface ponding and runoff of partially treated waster 
into nearby watercourses. 

Source: U. S Soil ConSerMtiO" Service end SEWRPC. 

in the Pike River watershed and are owned and operated 
by American Motors Corporation (Transportation 
Division) in the Town of Somers and St. Bonaventure 
Seminary in the Town of Mt. Pleasant. Selected data on 
these privately owned wastewater treatment facilities 
are presented in Table 108, and the locations of these 
facilities are shown on Map 77. All four sewage treatment 
plants provide a secondary level of treatment and the 
effluents are discharged into tributaries of the Pike River. 

Sanitary Sewerage System Flow Relief Points 
h 1975, there were eight known sanitary sewer flow 
relief devices in the watershed. as listed in Table 109 and 
shown on Map 77. Of the Gown sanitary sewer flow 
relief devices, three were sanitary sewerage bypasses and 
five were crossovers. Of the total of eight flow relief 
devices, seven discharge directly to the main stem of the 
Pike River and one discharges directly to Pike Creek. 

Other Known Point Sources 
A total of four other known point sources of pollution 
were identified in the watershed in 1975. These other 
point sources consisted primarily of six outfalls through 
which industrial cooling and process waters were dis- 
charged directly or indirectly to  the surface water system. 
All six were identified as discharging only cooling water. 
Industrial wastewater enters the Pike River and its major 
tributaries directly through industrial waste outfalls or 
indirectly through drainage ditches and storm sewers. 
Table 110 summarizes by receiving stream and civil 
division the characteristics of these other point sources, 
and Map 77 shows their locations. Two of these other 
point source outfalls discharge directly to the Pike River 
main stem, one discharges directly to Sorenson Creek, 
and the remaining three discharge directly to  the Waxdale 
tributary of the Pike River. 

Pnvately Omled Onsite Sanitary Wastewater Treatment 
In addition to beinc orovidtd throueh centralized sani- ~~ ~ v .  

tary sewerage system withim the watershed, sanitary 
wastewater treatment and disposal is provided through 
approximately 1,393 privately owned onsite sewage 
disposal systems consisting of 1,387 septic tanks, 4 hold- 
ing tanks, and 2 mound systems. These systems. serve 
a total resident population of about 4,200 persons, 
or 15 percent of the total resident population of the 
watershed. Of this total, about 700 persons, or 17 per- 
cent, resided in concentrated areas of urban development 
having at least 32 housing units in a U. S. Public Land 
Survey quarter section. These scattered quarter sections 
of urban land use concentration totaled about 2.2 square 
miles of urban land use, or about 4.3 percent of the total 
area of the watershed. 

Urban Storm Water Management Systems 
As noted in Table 106, land cover categories associated 
with urban land uses as of 1975 comprised about 6,600 
acres, or about 20 percent of the Pike River watershed. 
The most important urban land cover category was 
residential land, with about 9.7 percent. 



Table 107 

SELECTED CHARACTERISTICS OF MUNICIPAL SEWAGE TREATMENT PLANTS I N  THE PlKE RIVER WATERSHED: 1975 

The PoPulstion design capaciw for a given sewage treatment facilrw was obfarned direerly from engmeering reports prepared by or for the local unit of government operating the facility and reflects assumpaonr made by the 
design engineer. The population equivalent design capaciry war errmated by the CDmmiwon staff by drvrding the design BOO load,ng m poundrper day, as set forth in the engineering reports, by an ertimatedper capita 
contribution of 0.21 pound of BO05per day. If the design engineerarrumeda different dsrly per capita contributran of BODF th: populaoon equivalent derign capacity will differ from the population design capanty shown 
in the table. 

Source: SEWRPC. 

Name 

Town of Somem 
Utility District No. 1 

Village of Stunevant 

Table 108 

SELECTED CHARACTERISTICS OF PRIVATELY OWNED WASTEWATER 
TREATMENT FACILITIES I N  THE PlKE RIVER WATERSHED: 1975 

Total 
Area 

Sewed 
(square miles) - 

0.29 

0.83 

NOTE: N/A indicates dam not available. 

Estimated 
Total 

Population 
Served 

700 

4.400 

Date of 
Construction 

and Major 
Modification 

1964 

1959. 1974 

Name 

RACINE COUNTY 
American Motors 
Corporation- 

(Transportation Division) 
St. Bonaventure 
Seminary 

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 or under Section 101 of  the Wisconsin Administrative Code or from the Wisconsin Pollutant Discharge Elimination 
System Permit itself. In some cases when 12 months of flow data were not reported, the average annual and maximum monthly hydraulic discharge rates were estimated 
from the available monthly discharge data or from the flow data as reported in the permit. 

Source: Wisconsin Department o f  Natural Resources and SEWRPC. 

Type 
of 

Treatment 

Activated 
Sludge. 
Olfinfection 

Phorphorur 
Removal. 
Trickling 
Filter, and 
Disinfection 

Civil 
Division 
Location 

Town of 
Somers 

Town of 
Mt. Pleasant 

Level of 
Treatment 
Provided 

Secondarv 
and 
Auxiliary 

Secondary. 
Advanced. 
Auxiliary 

Type of 
Land Use 
Served 

Industrial 

Institutional 

Table 109 

KNOWN SANITARY SEWERAGE SYSTEM FLOW RELIEF DEVICES I N  THE 
PlKE RIVER WATERSHED BY RECEIVING STREAM AND CIVIL DIVISION: 1975 

Receiving 
Stream 

Pike River 

Pike River 

Pike River 

Pike Creek 

Total 

O~rporal 
of 

Effluent 

Tributary of 
Plke Rwer 

Tributary of 
Pike River 

Type of 
Wastewater 

Process 

Sanitary 

Source: SEWRPC. 

Civil 
Division 

City of 
Kenosha 

Village of  
Sturtevant 

Town of 
Mt.  Pleasant 

Town of 
Somers 

Average 
Hydraulic 

Design Capacity 
(gallons per day) 

2,000 

15,000 

Derlgn Capacity 

Type of 
Treatment 
Provided 

Activated 
Sludge and 
Sand Filter 

Contact 
Stabilization 
and Lagoon 

Reported Maximum 
Monthly Hydraulic 

Discharge Rate 
(gallons per dayla 

N / A  

10.000 

Com bined 
Sewer 

Outfalls 

0 

0 

0 

0 

0 

Existing Loading 

~opu la t lon~  

250 

2,500 

Average 
Hydraulic 

(mgd) 

0.06 

0.53 

Disposal 
of Effluent 

Tributary of 
Pike Creek 

Waxdale 
Creek 

Average 
Organic 

i(eoundrof 
BOD5 per day) 

NIA 

425 

Average 
Per 

Capita 

Igpd) 

87 

120 

Reported Average 
Annual Hydraulic 

Discharge Rate 
(gallons per day)a 

2.000 

8,000 

Total 

5 

1 

1 

1 

8 

Other Flow Relief Devices 

~opula t ion~  
Equ~valent 

N IA  

2.025 

Average 
Hydraulic 

Imgd) 

0.03 

0.30 

Peak 
Hydraulic 

(mgd) 

0.10 

0.50 

Crossovers 

5 

0 

0 

0 

5 

Relief 
Pumping 
Stations 

0 

0 

0 

0 

0 

Bypasses 

0 

1 

1 

1 

3 

Portable 
Pumping 
Stations 

0 

0 

0 

0 

0 



Table 110 

CHARACTERISTICS OF OTHER KNOWN POINT SOURCES OF 
WATER POLLUTION I N  THE PIKE RIVER WATERSHED: 1975 

NOTE: N/A indicates data n o t  available. 

a Unless specifically no ted  ptherwise, data were obtained, i n  order o f  priority, from: quarterly reports f i led wi th the Wisconsin Department of  Natural Resources under the 
Wisconsin Pollutant Discharge Elimination System or  under Section 101 o f  the Wisconsin Administrative Code o r  f rom the Wisconsin Pollutant Discharge Elimination 
System Permit  itself. I n  some cases when 12 months o f  f low data were n o t  reported, the average annual and  maximum monthly hydraulic discharge rates were estimated 
from the available monthly discharge data o r  f rom the flow data as reportedin the permit. 

Source: Wisconsin Department o f  Natural Resources and  SEWRPC. 

Reported Average 

Annual Hydraulic 
Dtscharge Rate 

(gallons per dayla 

3.000 

70.000 

130,000 

1,291,400 

248,000 

96,000 

Receiving 
Water 
Body 

Sorenson Creek 

Pike River 

Pike River 

Waxdale 
Tributary of the 
Pike River 

Waxdale 
Tributary of the 
Pike River 

Waxdale 
Tributary o f  the 
Pike River 

Name 

RACINE COUNTY 
Ametek-Lamb 

Electric 
J. I. Case Company- 

Transmission Plant 
Rexnord, Inc.- 

Hydraulic Component 
Division 

S. C. Johnson 
and Son, Inc. 

There were a total of three known urban storm water 
drainage systems providing service to  the subareas of the 
Pike River watershed within the Region in 1975. These 
include the systems operated by the Cities of Kenosha 
and Racine, and the Village of Sturtevant. Together, 
these three storm water drainage systems have a tributary 
drainage area of about 3.8 square miles, or about 7.5 per- 
cent of the total area of the watershed. Included within 
this storm water drainage area are a total of 13 known 
storm water outfalls ranging in size from 15 inches in 
diameter to  a 72 by 113-inch box culvert. There were 
no known storm water pumping facilities and only one 
known storm water storage facility in the watershed. 
The total annual average discharge from these outfalls 
is estimated to  be about 246 million gallons per year 
occurring on the average in 57 events. 

Reported Maximum 
Monthly Hydraulic 

Discharge Rate 
(gallons per day)a 

7,000 

80,000 

231,000 

1,550,000 

320,000 

120,000 

Rural Storm Water Runoff 
About 25,800 acres, or 80 percent of the total area of the 
watershed, are devoted to  rural land use activities. The 

Standard 
Industrial 

Classification 
Code 

3621 

3714 

3599 

2842 

most important rural land cover categories were row 
crops with 46 percent, other open space with about 
11 percent, and small grains with about 6 percent of 
the watershed. As of May 1975, there were an esti- 
mated 13 domestic livestock operations-operations 
of 25 or more equivalent animal units-having a total of 
980 equivalent animal units within the watershed. Of the 
13 operations, three, or 23 percent, were located within 
500 feet of the surface water system of the watershed. 

Pollution Loadings 
A summary of the estimated average annual pollution 
loadings in the Pike River watershed is presented in 
Table 111 and depicted in Figure 39. Urban sources of 
pollution are estimated to contribute 23 percent of the 
nitrogen, 74 percent of the phosphorus, 56 percent of 
the biochemical oxygen demand, 75 percent of the 
fecal coliform, and 51 percent of the sediment which 
occur as water pollutants in the Pike River watershed. 
Of the urban contribution, point sources of pollution 

Civil 
Dtvision 
Location 

City of 
Rac~ne 

Town of 
Mt.  Pleasant 

Town of 
Mt .  Pleasant 

Village of 
Sturtevant 

are estimated to  contribute 18 percent of the nitrogen, 
9 percent of the phosphorus, 10 percent of the bio- 
chemical oxygen demand, 71 percent of the fecal coli- 
form, and almost no sediment. Diffuse sources-including 
the estimated septic tank and construction-related 
contributions in the drainage areaaccount for the 
remaining 82 percent of the nitrogen, 91 percent of the 
phosphorus, 90 percent of the biochemical oxygen 
demand, 29 percent of the fecal coliform, and almost all 

Type of 
Wastewater 

Cooling 

Cool~ng 

Cool~ng 

Cooling 

Cooling 

Cooling 

of the sediment contributed from urban sources. 

Of the total pollutant loadings, rural pollution sources are 
estimated to  contribute the remaining 77 percent of the 
nitrogen, 26 percent of the phosphorus, 44 percent of the 
biochemical oxygen demand, 25 percent of the fecal 

Known 
Treatment 

N /A 

N I A  

N /A 

N /A 

N /A 

N /A  

coliform, and 49 percent of the sediment which occur 
as water pollutants in the watershed. Livestock feeding 

Outfali 
Number 

1 

1 

1 

1 

2 

3 

operationsinclusive of the disposal of manure on 
croplands--are estimated to  contribute 6 percent of the 



Table 11 1 

SUMMARY OF ESTIMATED AVERAGE ANNUAL POLLUTANT LOADINGS IN THE PIKE RIVER WATERSHED: 1975 

source Source 

Urban Pomf Sourcer 
Mun~c~pal Sewage Treatment Planrr 

Pr~vafe Sewase Treatment Plants 

Comblnd Sewer Overilow . . 

lndur?riai Dtrcharges 

Sanltsr" sewer Flow Relief oev,ccr 

Uiben DlffureSource Totals Total Nitrogen 
Total PhoiPharur 
Blochemica1 oxygen Demand 
Fecal Caliform 

~ x f e ~ t ~  

2 Total N~trogen 
2 Total Phor~horur 
2 B#ochemleai Oxygen Demand 
2 Fcsa, Collform 
2 Sed~ment 

Urban Source Torals Total N~trogen 
Total Phorphorur 
Blochemlcal oxygen Demand 
Fecal Col>lorm 
Sediment 

Rural Otftvre Sources 
L 8 u e ~ a k  Opereflont . . . . . . 980 Total Nitrogen 

980 Total Pharphorur 
980 Biochemmcel Oxygen Demand 
960 Fecal Collform 
980 Sediment 

Parameter 

0 Total N8lro.e" 
0 Tafa Phorphorur 
0 88ochem8cal Oxygen Oemand 
0 Fecal Cal8form 
0 Sedlmenf 

Cropland. Pasture. snd Unused 
Rural Land . . . . 23842 

23842 
23842 
23842 
23642 

 cad,^ 
Average Yea, 

Tmfsl Nitrogen 

Total Phorphorur 
B#ochemlcal Oxygen Demand 
Fecal Col~farm 
Sedlment 

Total E~timaied 
Loading 

4 Total Nitrogen 
4 Total Phoiphorui 
4 Bochemlcal Oxygen O?mand 
4 Fecal Col>form 
4 Sedment 

Percent 

8 Total Nitrogen 
6 Toial Phar~horvr 
8 88achemcal Oxygen Demand 
8 Fecal Cal!form 
8 Sedlment 

1213 Total N8frogen 
1213 Total Pharphorur 1 1 8 h m  Oxvwn Demand 

Fccai Collform 
Sedlmenr 

Urban Pomnt Source Totals I 1 Total Nitrogen 
Tofal Phorphorus 
Blochsm8cal Oxygen Demand 
Feeat Co fo rm  
Sediment 

Air Pollur~on ro Surface Ware, 

3127 Total Nitrogen 

3127 Total vharphorur 
3127 Bahemlcal Oxygen Demand 
3127 Fecal Colrlorm 
3127 Sedlmenl 

Rural Dlffure sovrce Ta~sls Total Nitrogen 

Total Pho~phoru~ 
B#ochemcal Oxygen Demand 
Fecal Coliform 1 1 sed,ment 

( Dmffure Source Totair Total Nlrogen 
Total PhorPhorur 
Blo~hemlcai oxygen Demand 
Fecal Coliform 
Sdlmen, I 1 -  - 

690 Total Nmrrogen 
690 Tom Phosphorus 
690 B#mhemlcal Oxygen D~mand 
690 Fecal Gol>form 1 690 Sedlmenl 

Tolsl Sources Total N8rrogen 582.950 0 
Total Phorphorur 71.280 0 
Blochemcal Oxygen Demand 1.274.7000 
Fecal Calmform 25.351.205.8 
Sedmment 138,2400 

I 
752 Total Nitrogen 
752 Total Phor~horur 
752 B~ochemlcsl Oxygen Demand 
752 Fsa l  collform 
752 Sedlmenl 

92 Tot.! Nlfrogen 
92 Tofal Pharphorur 
92 Bochemlcal Oxygen Demand 
92 Fecal ~ o l ~ l o r m  
92 Sed~ment 

* Urban Point ~ovrcer are expressed in number of plants, other facilifiier. and points of sewage flow relief; urban diffuse 
sources are expressed in nvmbw of aces exwf septic systems which are expressed m the number ofpemons semd;and 
mral diffuse sources ere expremed in acres except livestock o~erafianr which are expreaed in equiaelent enimal units. 

Loeds presented in pounds Per year, except for fecal coliform premnted in counts x fo8 per year, and rediment ore- 
rented In tons per year 

319 Total Nllrogen 
319 Total Phorphorur 
319 Btochemlcal Oxygen Demand 
319 Fecal Coltform 
319 Sediment Source: SEWRPC. 

617 Total Nllrogen 
817 Total Pnolphorur 
817 68o~hemlcsl Oxygen Demand 
817 Fecal Coliform 
817 Sed8ment 

780 Tofal ~ttrogen 
780 Total Pllor~horur 
760 Btahemlcal Oxygen Demand 
780 Fecal Coliform 
780 Sediment 

4200 Total Nsfrogen 
4MO Total Phmphaur 
4200 Blochemlcal Oxy~en Demand 
42W Fecal Col%farm 
42W Sediment 

nitrogen, 34 percent of the phosphorus, 19 percent of phosphorus, 81 percent of the biochemical oxygen 
the biochemical oxygen demand, most of the fecal demand, almost none of the fecal coliform, and almost all 
coliform, and 1 percent of the sediment from rural of the sediment, are contributed by other rural diffuse 
sources. The remainder of the estimated rural pollution sources, namely storm water runoff from rural land uses 
load, or 94 percent of the nitrogen, 66 percent of the and atmospheric loadings to surface waters. 



Figure 39 

SUMMARY OF ESTIMATED AVERAGE ANNUAL POLLUTANT LOADINGS I N  THE PIKE RIVER WATERSHED: 1975 
NITROGEN 

BOD- 

Source: SEWRPC. 



ROCK RIVER WATERSHED 

The Rock River watershed within southeastern Wisconsin 
is a natural surface water drainage unit 612.4 square miles 
in areal extent located in the western portion of the 
Region. An additional 74.1 square miles of land from 
select portions of Dodge, Jefferson, and Rock Counties 
have been added for water quality simulation purposes 
to  give a total of 683.5 square miles. The boundaries of 
the basin, together with the locations of the principal 
tributaries of the Rock River, are shown on Map 81, 
along with the locations of the known point sources of 
pollution and the generalized land uses as of 1975. The 
watershed is only partly contained in the Region, and 
the main stem of the Rock River originates in the marshy 
areas of southern Fond du Lac County, outside of the 
Region, and flows southerly through Dodge, Jefferson, 
and Rock Counties, all outside the Region. The major 
tributaries originating in the Region are found in western 
Washington, Waukesha, and Walworth Counties, and 
meander to  the western boundaries of these counties. 
About 92 percent of the total area of the watershed 
is still in rural land uses, with about 77 percent of this 
rural area in agricultural use. Most of the agricultural- 
related land use is dispersed throughout the watershed. 
Table 112 sets forth the extent and proportion of the 
major land cover categories within the watershed as 
they relate to water quality conditions in 1975. 

The soils within the Rock River watershed are generally 
rolling silt loams or gravelly loams in Washington and 
Waukesha Counties and gradually change to prairie loam 
soils in Walworth County. Most of the soils are relatively 
fertile and produce high crop yields if managed correctly. 
Sediment discharges from these soils may also result in 
high nutrient levels in stream waters. 

Particularly important to comprehensive water quality 
management planning are the soil suitability interpreta- 
tions for specified types of urban development. Based 
upon the interpretations of the soil properties, about 
27 percent of the in-Region portion of the watershed is 
covered by soils that have severe or very severe limita- 
tions for residential development with public sanitary 
sewer service, as shown on Map 82; about 42 percent of 
the watershed is covered by soils that have severe or very 
severe limitations for small lot (less than one acre in size) 
residential development without public sanitary sewer, 
as shown on Map 83; and about 39 percent of the water- 
shed is covered by soils that have severe or very severe 
limitations for large lot (one acre or larger in size) resi- 
dential development, as shown on Map 84. 

Municipal and Private Sewage Treatment Facilities 
In 1975, a total of 13 sanitary sewerage systems or por- 
tions thereof served a total area of about 14.1 square 
miles within the in-Region portion of the watershed, or 
about 2 percent of the total area of the watershed, and 
a total population of about 46,400 persons, or approxi- 
mately 48 percent of the total resident population of the 
in-Region portion of the watershed. 

Twelve municipally owned wastewater treatment plants 
are located in the Rock River watershed. The plant 
serving the City of Delavan discharges treated effluents 

Table 112 

AREAL EXTENT OF WATER QUALITY-RELATED LAND 
COVER I N  THE ROCK RIVER WATERSHED: 1975 

a These special land cover categories, defined primarily according to  their 
imperviousness and vegetative cover characteristics and effects on the 
quality of storm water runoff, were delineated at a scale of I " =  400'on 
aerial photographs taken in May 1975 and were measured to  the nearest 
full acre, using dot-counting overlays. The total acreages measured within 
hydrologic subbasins were then adjusted to  the control totals measured by 
digitizer from base maps o f  hydrologic subbasins at a scale of I"= 2000'. 
Both the "square miles" and the 'percent" shown above were then com- 
puted and rounded to the nearest hundredth (0.011 o f  a percent. 

Land covera 

Urban 
Residential . . . . . . . . . . . . . . . .  
commercialb . . . . . . . . . . . . . . .  
Industrial 

Manufacturing . . . . . . . . . . . . .  
Landfills and Dumps . . . . . . . . .  

Extractive . . . . . . . . . . . . . . . . .  
Transportation 

Streets and Highways. . . . . . . . .  
Airfields . . . . . . . . . . . . . . . .  
Railroad Yards and Terminals. . . . - -  

Recreation 
Golf Courses. . . . . . . . . . . . . .  
Parks and Other Recreation . . . . .  

Land Under Development 
I?esidentialC . . . . . . . . . . . . . .  
Commercial . . . . . . . . . . . . . .  
Industrial. . . . . . . . . . . . . . . .  
Transportation . . . . . . . . . . . .  
Recreation . . . . . . . . . . . . . . .  

Rural 
Agricultural 

Small Grains. . . . . . . . . . . . . .  
Hay. . . . . . . . . . . . . . . . . . .  
Row Crops. . . . . . . . . . . . . . .  
Specialty Crops . . . . . . . . . . . .  
Sod Farm . . . . . . . . . . . . . . .  

d 
Other Open Space . . . . . . . . . .  

Silvicultural 
Woodlands . . . . . . . . . . . . . . .  
Orchards and Nurseries. . . . . . . .  

Natural and Man-Made Water Areas- 
Subject to  Atmospheric 
Pollutant Contributions 

Ponds, Lakes, and Streams. . . . . .  
Wetlands, Swamps, and Marshes. . .  

Total 

Includes: re tail, communication, utilities, administrative, and ins tiru tional 
land uses. 

Based on 1975 total residential lands, adjusted by the 1970 ratio between 
residential lands and residential lands under development. 

Square 
Miles 

27.96 
4.30 

1.56 
0.38 
2.49 

1.71 
0.26 

2.60 
4.01 

7.80 

0.18 
0.75 
0.03 

25.64 
94.06 
289.40 
11.73 
1.21 
65.28 

63.98 
0.65 

22.27 
55.25 

683.50~ 

Includes: pasture, unused urban and rural lands. 

The total area o f  the Rock River watershed represented in this table is 
different than the total area o f  the Rock River watershed identified in 
the text and on Map 89. This is due to the fact that the area set forth on 
Map 81 includes only that portion of the Rock River watershed lying 
within the civil boundaries that comprise the Southeastern Wisconsin 
Region. The area of the Rock River watershed represented in  this table 
represents an aggregation o f  subbasins, the boundaries o f  which do not 
always coincide with the civil boundaries o f  the Region. 

Acres 

17,896 
2,750 

997 
244 

1,595 

1,096 
165 

1,665 
2,567 

4,989 

118 
479 
20 

16,407 
60,200 
185,219 
7,509 
774 

41,777 

40,949 
417 

14,256 
35,360 

437,449 

Source: U. S. Department of Agriculture, Soil Conservation Service and 
Agricultural Stabilization and Conservation Service; County Soil 
and Water Conservation Districts; University o f  Wisconsin-Extension 
Service; and SEWRPC. 

Percent 

4.09 
0.63 

0.22 
0.06 
0.36 

0.25 
0.04 
- - 

0.38 
0.59 

1.14 

0.03 
0.1 1 
0.00 

3.75 
13.76 
42.34 
1.72 
0.18 
9.55 

9.36 
0.09 

3.25 
8.08 

100.00 



Table 113 

SELECTED CHARACTERISTICS OF MUNICIPAL SEWAGE TREATMENT PLANTS I N  THE ROCK RIVER WATERSHED: 1975 

NOTE: N/A indicates data not available. 

Name 

City o f  
Delavan 

City o f  
Elkhorn 

City of 
Whitewater 

City of 
Hartford 

Village of 
Slinger 

Allenton 
Sanitary District 

City o f  
Oconomowoc 

Village of 
Dousman 

Village of 
Hartland 

Village of 
Darien 

Village of 
Sharon 

Village of 
Walworth 

a The population design capacity for a given sewage treatment facility was obtained directly from engjneering reports prepared by or for the local unit  of government operating the facility and reflects 
assumptions made b y  the design engineer. The population equivalent design capacity was estimated by the Commission staff b y  dividing the desjgn BOO5 ?ding in poundsper day, as set forth i n  the 

engineering reports, b y  an estimatedper capita contribution of 0.21 pound of BOD per day. I f  the design engineer assumed a different daily per capita eonrr,bution o f  BODg the population evuivalent 
design capacity will differ from the population design capacity shown i n  the table. 

Source: SEWRPC. 

directly to  Turtle Creek; the plant serving the Village of 
Sharon discharges treated effluents directly to  Little 
Turtle Creek; the plant serving the Village of Darien 
discharges treated effluents to  a tributary of Darien 
Creek; the plant serving the City of Elkhom discharges 
treated effluents to a tributary of Jackson Creek; the two 
plants serving the Villages of Dousman and Hartland 
discharge treated effluents directly to the Bark River; 
the plant which serves the City of Whitewater discharges 
treated effluents directly to Whitewater Creek; the plant 
which serves the City of Hartford discharges treated 
effluents directly to  the Rubicon River; the plant which 
serves the Village of Slinger discharges treated effluents 

Total 
Area 

Sewed 
(square 
miles) 

2.01 

2.42 

2.38 

1.92 

0.45 

0.19 

2.71 

0.45 

1.16 

0.47 

0.53 

0 47 

indirectly to  the Rubicon River; the plant which serves 
the Allenton Sanitary District discharges treated effluents 
directly to the East Branch of the Rock River; the plant 
which serves the City of Oconomowoc discharges treated 
effluents directly to the Oconomowoc River; and the 
plant which serves the Village of Walworth discharges 
treated effluents to  a tributary of Piscasaw Creek. 
Selected information on these municipal sewage treat- 
ment plants is set forth in Table 113, and the plant 
locations are shown on Map 81. In addition t o  the 
publicly owned sewage treatment facilities, 11 private 
wastewater treatment facilities exist in the Rock River 
watershed owned and operated by: Kikkomen Foods, 

Exlsting 

Average 
Annual 

Hydraulic 

(mgd) 

0.59 

0.69 

1.14 

1.37 

0.15 

0.08 

1.90 

0.11 

0.42 

0.14 

0.08 

NIA 

Estimated 
Total 

Population 
Served 

5,800 

4,400 

11,000 

7,600 

1,300 

800 

11,100 

1,000 

4,400 

1,000 

1.400 

1.7W 

Loading 

Average 
Annual 

Per 
Capita 

(gpd) 

102 

157 

104 

180 

115 

100 

171 

110 

95 

140 

57 

NIA 

Date of 
Construction 

and Major 
Modification 

1930, 1949, 
1975 

1927, 1949. 
1976 

1937. 1956, 
1968 

1973 

1950 

1961 

1936 

1961, 1972 

1933, 1962 

1968 

1959 

1952. 1965, 
1975 

Type 
of 

Treatment 

Trickling 
Filter 

Disinfection 

Trickling 
Filter 

Disinfection 

Activated 
Sludge and 
Trickling 
Filter 

Disinfection 

Phosphorus 
Removal 

Activated 
Sludge 

Microscreening 
D~rinfection 

Trickling 
Fllter 

Disinfection 

Activated 
Sludge 

Disinfection 

Trickling 
Filter 

Dis~nfection 

Activated 
Sludge 

Disinfection 

Activated 
Sludge 

Disinfection 

Activated 
Sludge 

Disinfection 

Trickling 
Filter 

Disinfection 

Trickling 
Filter 

Disinfectlo" 

' ~opu la t i on~  
Equivalent 

NIA 

7,200 

28,950 

47,620 

3.770 

810 

11.900 

950 

3,330 

1,210 

1.240 

7,050 

k'opulationa 

10.000 

4.500 

35,750 

10.000 

1.900 

1.000 

5,000 

1,500 

3.500 

1,500 

2.000 

7.050 

Level 
of 

Treatment 
Provided 

Secondary 

Auxiliary 

Secondary 

Auxlllary 

Secondary 

Auxiliary 

Advanced 

Secondary 

Auxiliary 
Tertiary 

Secondary 

Auxiliary 

Secondary 

Auxiliary 

Secondary 

Auxiliary 

Secondary 

Auxiliary 

Secondary 

Auxiliary 

Secondary 

Auxiliary 

Secondary 

Auxiliary 

Auxiliary 

Secondary 

Average 
Hydraulic 

lmgd) 

1 .O 

0.5 

2.5 

2.00 

0.15 

0.10 

1.50 

0.12 

0.35 

0.15 

0.15 

0.15 

Disposal 
of 

Effluent 

Turtle 
Creek 

Tributary of 
Jackson Creek 

Wh~tewater 
Creek 

Rubicon 
River 

Marshland 
Drained 
by the 
Rubicon 
R wer 

East Branch 
of the 
Rock River 

Oconomowoc 
River 

Bark River 

Bark River 

Tributary of 
Darien Creek 

Little 

Turtle Creek 

Tributary of 
Piseasaw Creek 

Design Capacity 

Peak 
Hydraulic 

(mgd) 

1.5 

NIA 

3.75 

6.00 

0.30 

0.15 

3.00 

0.30 

0.70 

0.30 

0.30 

0.30 

Average 
Organic 
(pounds 

of BOO 

perday? 

NIA 

1.510 

6,080 

10,000 

792 

170 

2,500 

200 

700 

255 

260 

1.480 



Map 81 

THE LOCATION, BOUNDARIES, MAJOR STREAMS, AND LAKES OF THE ROCK RIVER WATERSHED- 
SHOWING POINT SOURCES OF POLLUTION AND GENERALIZED LAND USES: 1975 

LEGEND 

SUBVIBAN &NO LOW DENSlTY RESIDENTIAL (0 2-2 2 
OWELLINE UNITS PER NET RESIDENTIAL ACRE) 

MEDiVM DENSITY RESIDENTIAL 123-69 _I DWELLlNB UNITS PER N T  RESIDENTI&L ACRE) 

N O W  HlGM DENSiTY RESIDENTIAL (70-179 
DWELLING UNlTS PER NET RESIDENTIAL ACRE> 

PRIMARI ENVlRONMENTiiL CORRIDOR 
PRESERVATION THROUGY PUBLIC AOVISITION 

NONE lMJOR RETAlL AND SERVICE CENTER 

NONE MAJOR INDUSTRIAL CENTER 

A MAJOR PUBLIC OUTDOOR RECREAT.TION CENTER 

WlNT SOURCES OF POLLUTION 

PUBLIC SEWAGE TREATMENT FACILITY 

PRIVATE SEWAGE TREATMENT FACILITY 

9 KNOWN POllVT SOURCE OF WASTEWaTER OTHER 
THAN SEWAGE TRE4TMENT PLANT OR FLOW 
RELIEF DEVICES 

KNOWN FLOW RELIEF DEVICES 

4 COUSlNEO SEWER OUTFALL 

0 s r p a s s  

0 CROSSOVER 

A PORTaBLE REL1EF PUMPINO STATION 

A RELlEF PUMPlND STATION 



Map 81 (continued) 

WAUKESHA COUNTY 

7-&.. .-.r -,.. 

WALWORTH COUNTY 

The Rock River watershed ia about 612 square milsr in areal extent, or about 23 percent of the total area of the Region. The wasr quality in the watershed iaaffected by thevariaue land usesar well as by the 
12 oublic wa~fewafer treatment plans. 11 private wastewater treatment plants. 16 flow relief devices, and 23 other point sources of wastewater as shown. 

source; SEWRPC. 



Map 82 

SUITABILITY OF SOILS FOR RESIDENTIAL DEVELOPMENT WITH 
PUBLIC SANITARY SEWER SERVICE I N  THE ROCK RIVER WATERSHED 

WASHINGTON COUNTY 

LEGEND 

AREAS COVERED. BY SOILS HAYSNO 
SEVERE OR VERY SEYERE 
LIMIT*ITIONS EOR RESIDENTWL 
DEVELOPMENT WITH PUBLlC 
SANITARY SEWER SERVlCE 

Of particular importance in carnprehennive water 
quality planning l o  rhe recognition of the limitations 
Inherent in me roil rerout- bare. About 27 percent 
of the area of the Pike River watershed i s  cwersd 
with soils which are poorly suited for residential 
development with public sunitan/ sewer Jawice 
or, more precisely, residential development of any 
kind. These mils. which include wet soils having 
a high water table or poor drsinap, organic soils 
which are poorly drained and provide poor foun- 
dation aupport, and rails which have a flmd hazard. 
are BBPeeisliY prevalent in the riverine areas of 
the watershad. 

Source: U S  Soil Cony1~at;onServiee and SEWRPC. 













SELECTED CHARACTERISTICS OF PRIVATELY OWNED WASTEWATER 
TREATMENT FACILITIES IN THE ROCK RIVER WATERSHED: 1975 

NOTE: N/A indicacer data not t t t l I~b Ie .  

N ~ m e  

WALWORTH COUNTY 
Kikkomen Foods Inc. 

Lakeland Nursing Horns 
IWalworfh CounN 
I " l t i l " t i ~ " ~ 1  

Lake Lawn Lodge 

Libby. McNeil, and 
Libby, Inc. 

Outfall 1 
Outfall 2 

Walwarth County 
Correctional Center 
(no, i n  operation) 

WASHINGTON COUNTY 
Libby. McNsill and 

Libb". 1°C. 
National Farmern 

Orgsnization- Slingsr 
Tranffer Sration 

Pike Leke Slam Park 

WAUKESHA COUNTY 
Efhsn Allen School 

Gig86 Hilltide 
A p a r f m e n ~  

St. John'* 
Military Academy 

c l a * ~ ~  ylrc.,ca., notcv .rorr* ,e. oera nr.. ~ n t .  *',d. .rr o o l r  u.oro, r t .  ,.on> o.arrarr. ,+on, (h  a a  A rmns n ~*ios~irneot  o < ~ , r , ~ a  ~ . ~ ~ . ~ c ~ ~ ~ o a ~  m. wlcon lo  
Po. arm, Drcorrg F. moat on h l a r n  o? >now Scr "0  101 of mc *r..ons n Aon!,n r r , i r  .. C,dc or l."n in. A rco*..n W .l,nf Ds;ndrv. E .,,i,dr ji, h.r..no.rr,, , r r d !  ,o 
~ n l c  cans *,.n 12 nroornr D I  l o r  oat, nr,., no, r e ~ u r r e u .  ~ n r  ~ , C ~ J W  rnr8.d aoo r n ~ ~ ~ m ~ m  n,,wolr. n ,  D ~ A L  c i  o f ,~ in . , .  r , i ~  ,,vr..r.s~lm.~rlo ,-om m. 2.2 ao.  rnonin!~ a u n ) r o r  
dsfaO,frM, the flowdataerreponedi" rhewrmil  

Data obtaiord from 1970smple repamdin  Wtxonsio Deoarrment of NaIvrsl RBSourW RaOort of LOW, Rock River P d v t i o o  Inwrfjwt?oo Survey, 1971. 

SOYICB: wisconrln Dsn8rrmsnt of  Narural R e m u m  aodSEWRPC 

Civil 
Division 
Location 

Town of 
Wslworlh 

Town of 
Gsneva 

Town of 
Delavan 

Town of 
Dsrien 

Town of 
Geneva 

City of 
Hartford 

Town of 
Polk 

Town of 
Hartford 

Town of 
Delefield 

Town of 
Delafisld 

C iw  of 
Del*isld 

Inc., Lakeland Nursing Home, LakeLawn Lodge, Libby, 
McNeill and Libby, Inc., and Walwortb County Correc- 
tion Center (not in operation) in Walworth County; 
Libby, McNeill and Libby, Inc., National Farmers Organi- 
zation--Slinger -~~ -~ - Transfer Station, and Pike Lake State 
Park in Washington County; and Ethan Allen School, 
Gigas Hillside Apartments, and St. John's Military 
Academy in Waukesha County. Selected data on these 
11 privately owned wastewater treatment facilities are I presented in Table 114, and the locations of these facili- 
ties are shown on Map 81. Of the 12 publicly and 11 pri- 
vately operated sewage treatment facilities, 16 facilities 
discharge effluent directly to various tributaries of the 
Rock River and seven dischargers utilize soil absorp- 
tion systems. 

Sanitary Sewcroge System Flow Relief Points 
In 1975, there were 16 known sanitary sewer flow relief 

Type of 
Land Ure 

Served 

Industrial 

lnafitutional 

Recreational 

lndurfriai 

lnrtitutional 

Industrial 

lndvstrial 

Recreations1 

lnrfitufional 

Reaidmlial 

InRitufional 

devices in the watershed, as listed in Table 115, and 
shown on Map 81. All 16 of these flow relief devices are 
sanitary sewerage system bypasses. Of the 16 devices, five 
discharge directly to Whitewater Creek; two discharge 
directly to Lac La Belle, Turtle Creek, and the Bark 
River; and one each discbarge directly to Little Turtle 
Creek, Piscasaw Creek, Jackson Creek, the Oconomowoc 
River, and Fowler Lake. 

Other Known Point Sources 
A total of 24 other known point sources of pollution 
were identified in the watershed in 1975. These other 
point sources consisted primarily of 26 outfalls through 

Tyna o f  
Wsf~wato r  

Procss and 
Sanitary 

Ssnimry 

Sanitary 

Prorss 

Sanitary 

Ssnitarv 

Procerr 

Washwater 

Sanitary 

Sanitary 

sanita~" 

Sanitary 

Type oi 
Treatmen, 
Provided 

Aerobic Digestor 
and Lagoon 

Activaxed Sludge 
and Lagoon 

Activated Sludge 

Lagoon and 
Soray Irr iwtion 

S B P ~ ~ C  Sv~tern 

Activated Sludge 
and Lagoon 

Lagoon 

Rid* and 
F u r r o w ~ n d  
Septic Tank 

Lasoon 

Contact 
Stabilization 
and Lagoon 

Lanoon and 
A~ l i va led  Sludge 

Septic System 
and Lagoon 

Dirp-1 
of Effluent 

Soil Aborpt ion 

Jack- Creak 

Delavan Lake 

Soil Absorption 

Soil Ahomtion 

Tributary of 
Jsckron Crsek 

Hartford swage 
Treafmsnt Plan, 

Soil Abrumtion 

Soil Absrrmtion 

Soil Ah$orption 

Soil Abumtion 

Bark River 

Re~or ted  Average 
Annual Hydraulic 

Dbchargs Rats 
leallonr per dayla 

240.000 

80.WO 

60DOO 

1.100.000 

10.OW 

458.000 

NIA 

NIA  

50,000 

NlA 

30.000~ 

A v e m  
Hydraulic 

Design Capacity 
lgl l lonr per day1 

N iA  

230L)w 

loop00 

NIA 

NIA  

N i A  

NIA 

NIA  

N iA  

165.000 

20,000 

75.000 

Reported Maximum 
Monthly Hydraulic 

D i e h a w  Rate 
Igallonr per dayla 

264.000 

NIA 

103.000 

1.700.000 

10.WO 

753,000 

5.500 

N/A 

86.000 

NIA 

NIA 



Table 115 

KNOWN SANITARY SEWERAGE SYSTEM FLOW RELIEF DEVICES I N  THE 
ROCK RIVER WATERSHED BY RECEIVING STREAM A N D  C IV IL  DIVISION: 1975 

Source: SEWRPC. 

which industrial cooling, process, rinse, and wash waters 
were discharged directly or indirectly to the surface water 
system. Of these, 12, or 45 percent, were identified as 
discharging only cooling water. The remaining 15, or 
55 percent, were discharging other types of waste- 
waters. Industrial wastewater enters the Rock River 
and its major tributaries directly through industrial 
waste outfalls or indirectly through drainage ditches 
and storm sewers. Table 116 summarizes by receiving 
stream and civil division the characteristics of these 
other point sources, and Map 81 shows their locations. 
Twenty of these other point source outfalls discharge 
wastes to the various tributaries of the Rock River 
either directly or indirectly while the remaining six 
outfalls utilize soil absorption systems. 

Total 

1 
1 
1 
1 
1 
5 
1 
1 
1 
2 
1 

16 

Receiving 
Stream 

Turtle Creek 
Turtle Creek 
Little Turtle Creek 
Piscasaw Creek 
Jackson Creek 
Whitewater Creek 
Bark River 
Bark River 
Oconomowoc River 
Lac La Belle 
Fowler Lake 

Total 

Privately Owned Onsite Sanitary Wastewater Treatment 
In addition to  being provided through the centralized 
sanitary sewerage service within the in-~egion portion of 
the watershed, sanitary wastewater treatment and dis- 
posal is provided through approximately 14,730 privately 
owned onsite sewage disposal systems, consisting of 
14,699 septic tanks, 30 holding tanks, and 1 mound 
system. These systems serve a total resident population 
of about 50,900 persons, or about 52 percent of the 
total in-Region resident population of the watershed. 
Of this total, about 23,100 persons, or about 45 percent, 
resided in concentrated areas of urban development 
having at least 32 housing units in a U. S. Public Land 
Survey quarter section. These scattered quarter sec- 
tions of urban land use concentration totaled about 
36 square miles of urban land use, or about 6 percent 
of the in-Region portion of the watershed. 

Civil 
Division 

City of Delavan 
Village of Darien 
Village of Sharon 
Village of Walworth 
City of Elkhorn 
City of Whitewater 
Village of Hartland 
Village of Dousman 
City of Oconomowoc 
City of Oconomowoc 
City of Oconomowoc 

- 

Urban Storm Water Management Systems 
As noted in Table 112, land cover categories associated 
with urban land uses as of 1975 comprised about 
34,600 acres, or about 8 percent of the Rock River 
watershed. The most important urban land cover cate- 
gory was residential land, with about 4 percent. 

Corn bined 
Sewer 

Outfalls 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

There were a total of seven known urban storm water 
drainage systems providing service to the subareas of 
the Rock River watershed within the Region in 1975. 
These included the systems operated by the Cities of 
Delavan, Elkhorn, Hartford, Oconomowoc, and White- 
water and the Villages of Hartland and Slinger. The City 
of Oconomowoc and the Village of Hartland were unable 
to provide a copy of a map of their systems. Together, 

Other Flow Relief Devices 

the five storm water drainage systems for which mapping 
was available have a tributary drainage area of about 

Crossovers 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

5.6 square miles, or about 1 percent of the total area 
of the watershed. Included within this storm water 
drainage area are a total of 67 known storm water out- 
falls ranging in size from 12 to 78 inches in diameter. 
There were no known storm water pumping facilities 
or storm water storage facilities in the watershed. The 
total annual average discharge from these outfalls is 
estimated to be about 282 million gallons per year 
occurring on the average in 65 events. 

Bypasses 

1 
1 
1 
1 
1 
5 
1 
1 
1 
2 
1 

16 

Rural Storm Water Runoff 
About 402,900 acres, or 92 percent of the total area 
of the watershed, are devoted to rural land use activi- 
ties. The most important rural land cover categories 
were row crops with 42 percent, hay with 14 percent, 
other open space with 10  percent, woodlands with 

Relief 
Pumping 
Stations 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

Portable 
Pumping 
Stations 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 



Table 116 

CHARACTERISTICS OF OTHER KNOWN POINT SOURCES OF WATER POLLUTION I N  THE ROCK RIVER WATERSHED: 1975 

NOTE: N/A indicates data n o t  available. 

Name 

WALWORTH COUNTY 
A .  K. Rubber Products 

Company, Inc. 

Al l ied Music 
Corporation 

Alpha Cast, Inc. 

Buncker Ramo 
Corporation 

Darlen Waterworks 

Elkhorn Light & 
Water Commission 

Frank Holten 

and Company 

Getzen Company, Inc. 

Hawthorn Melody 
Farms Dairy 

J. W. Reichel 
& Sons, Inc. 

Sharon Foundry. lnc. 

U.  S. Gypsum Company 

Whitewater Water Ut i l i ty  

WASHINGTON COUNTY 
International Stamping 

Company, Inc. 
Oak Cheese Factory 

W. B.  Place and 
Company, Inc. 

Wissota Sand and 
Gravel Company, lnc .  

WAUKESHA COUNTY 
Carnation Company- 

Can Division 
Carnation Company- 

Instant Products Division 
Essential Chemicals 

Corporation 
Hartland Plastics, Inc. 

La Belle Industries, Inc. 

State Sand and Gravel 

U.  S. Gypsum Company- 
F~beresin Plastics Division 

a Unless specifically noted otherwise, data were obtained, i n  order o f  prior i ty, from: quarterly reports filed wi th  the Wisconsin Department o f  Natural Resources under the Wisconsin 
Pol lutant Discharge El imination System o r  under Section 101 o f  the Wisconsin Administrative Code o r  f rom the Wisconsin Pol lutant Discharge El imination System pe rm i t  itself. In 
some cases when 12 months o f  f low data were n o t  reported, the average annual and  maximum mdn th l y  hydraul ic discharge rates were estimated f rom the available mon th l y  discharge 
data o r  f rom the f low data as reported in the permit. 

Source: Wisconsin Department o f  Natural Resources and  SEWRPC. 

Standard 
Industrial 

Classification 

Code 

3069 

7696 

3321 

3829 

4941 

4941 

3931 

3931 

2026 

3369 

3321 

3296 

4941 

3469 

2022 

3111 

1442 

341 1 

2034 

2841 

2821 

3651 

1442 

2621 

Civil 
Division 
Location 

Ci ty  of 
Elkhorn 

City o f  
Elkhorn 

City o f  
Whitewater 

City o f  
Delavan 

Village o f  
Darien 

City o f  
Elkhorn 

City o f  
E lkhorn 

City o f  
Elkhorn 

Town  of  
Whitewater 

City o f  
Elkhorn 

Town  of 
Sharon 

V~l lage o f  
Walworth 

City o f  
Whitewater 

City of 
Hartford 

Town  of  
Hartford 

City of 
Hartford 

Town of  
Richfield 

City o f  
Oconomowoc 

City of 
Oconomowoc 

Village o f  
Marton 

Village o f  
Hartland 

City o f  
Oconomowoc 

Village of 
Nor th  Lake 

City o f  
Oconomowoc 

Reported Average 
Annual Hydraulic 

Discharge Rate 
(gallons per dayla 

1,600 

3.000 

125,000 

2,200 

Intermittent 

40,000 

10,000 

40,000 

N I A  

1,157,000 
123,000 

3.500 

750 

35,000 

92,000 

154,000 

N /A  

200 

50,000 

18.200 

1,234,000 

500 

3.000 

17,500 

670,000 

3.500 

Reported Maximum 
Month ly  Hydraulic 

Discharge Rate 
(gallons per dayla 

N I A  

N /A 

150,000 

3,300 

Intermittent 

40,000 

10.000 

40,000 

10.000 

1,458.000 
163.000 

4,500 

750 

N /A 

120,000 

217,000 

400 

400 

N / A  

19,500 

1,554,000 

N /A 

3.000 

21,000 

670,000 

5,000 

Receiving 
Water Body 

Tributary of 
Jackson Creek 
via Storm Sewer 

Soil Absorption 

Whitewater 
Creek 

Tributary o f  
Swan Creek 
via Storm Sewer 

Tributary o f  
Darien Creek 
via Storm Sewer 

Tributary of 
Jackson Creek 
via Storm Sewer 

Tributary of 
Jackson Creek 
via Storm Sewer 

Soil Absorption 

Soil Absorption 

Whitewater Creek 
Whitewater Creek 
Tributary of 

Jackson Creek 
via Storm Sewer 

L i t t le  Turt le Creek 
via Storm Sewer 

So11 Abosrption 

Whitewater Creek 
via Storm Sewer 

Rubicon River 

Soil Absorption 

Rubicon River 

Bark River 

Oconomowoc River 
via Storm Sewer 

Oconomowoc River 
via Storm Sewer 

Bark River 
via Storm Sewer 

Soil Absorption 

Oconomowoc River 

Lit t le Oconomowoc River 

Soil Absorption 

Type of  
Wastewater 

Cooling 

Process 

Cooling 

Cooling 

Fflter 
Backwash 

Fi l ter 
Backwash 

Process 

Process 

Process 

Cooling 
Cooling 
Cooling 

Cooling 

Boiler 
Blowdown 

Backwash 

Cooling 

Washwater 

Process 

Washwater 

Cooling 

Cooling 
and Boiler 

Cooling 

Cooling 

Cooling 

Washwater 

Cooling 
and Boiler 
Blowdown 

Known 
Treatment 

None 

Lagoon 

None 

None 

Sedimentatton 
Tank 

N / A  

N I A  

Settling Basin, 

pH. 
Adjustment, 
and Lagoon 

Lagoon 

None 
None 
None 

N I A  

Lagoon 

N /A  

None 

Septic System 
and Lagoon 

Settling Basin, 
Screening, 
Sludge, and 
Dewatering 

N / A  

None 

None 

None 

Lagoon 

None 

Lagoon 

N I A  

Outfal l  

Number 

1 

1 

1 

8 

1 

1 

2 

1 

1 

1 
2 
1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 



9 percent, and wetlands, swamps, and marshes with 
8 percent of the watershed. As of May 1975, there 
were an estimated 692 domestic livestock operations- 

Table 117 

SUMMARY OF ESTIMATED AVERAGE ANNUAL POLLUTANT LOADINGS I N  THE ROCK RIVER WATERSHED: 1975 

operations of 25 or more equivalent animal units-having 
a total of 67,300 equivalent animal units within the 

Source 

Urban Point sourcer 
Municipal Sewage Treatment Plants 

Private Sewage Treatment Plants 

Combined sewer Ovsrflow . . 

lndurfrlal Oi~harges . . . . 

Sanitary Sewer Flow Relief Dev~cer . . 

Urban Pmnt Source Tofalr 

Urban DtffureSourcer 
Rel#dential 

Commercial 

I nd~ l t r #a l  . . . . . . 

Extractive . . 

~ o a d b  

Average Year 

Total Est~mated 
Loading 

650890.0 
351990.0 

2.835.070.0 
18.102.5120 

571.260 0 

966.1500 
497,410.0 

3.482.870.0 
19.312.5120 

571.700.0 

1.91 1.320 0 
444,1800 

7.483.760 0 
430.720.WO 0 

23.555.0 

4.776.180 0 
143.0800 

4.905 240 0 
0 0 

761.860 0 

95.140.0 
5.790.0 

190.2800 
273.015.5 

5,1900 

126.880.0 
7.1300 

2,309,4700 
0.0 

4.740 0 

6.909.520 0 
600.1 80.0 

14.888.750.0 
430.993.015.6 

795.345 0 

7.560.5100 
952.1700 

17,723.820 0 
449,095,527 6 

1.366.605.0 

7,875,870 0 
1,097,590 0 

18.371.6200 
450.305.527 6 

1.367.045 0 

a urban pornr are expressed ,n of planrr. ocher fmlitrer. and points of sewage flow relief; urban drffure 

are expressed ,n number acres except septrc systems whlch are expressed in the number o f  persona served; and 
diffuse rwrcer are expremd ;n acres excepr bverrock operacronr whtch are expressed in  equivalent animal units. 

b perenfed in pounds per excepe for tea/ presented in counts I #  per year. and sediment pre 
senfed i n  tons per  year 

Source: SEWRPC. 

watershed. Of the 692 operations, 244, or 35 percent, 
were located within 500 feet of the surface water system 
of the watershed. 

Pollution Loadings 
A summary of the estimated average annual pollution 
loadings in the Rock River watershed is presented in 
Table 117 and depicted in Figure 40. Urban sources of 
pollution are estimated to contribute 12 percent of the 

Parameter 

T o m  Nltrogsn 
Total Phaphbrus 
6lochemieal Oxygen Demand 
Fecal Coliform 
sediment 

Total Nitrogen 
Tots1 Phmphorur 
B~ochemical Oxygen Demand 
~eee l  ~o l i f o rm  
Sediment 

Total Nitrogen 
Total Phorphou% 
Biochemical Oxygen Demsnd 
Fecal Coliform 
Sediment 

Total Nlrrogen 
Total Phapharu. 
Blochemica1 Oxygen Demand 
Fecal Colifom 
Sedlment 

Total Nitrogen 
Total Phosphorus 
B#ochemical Oxygen Demand 
Fecal Colifoim ' 
Sedlment 

Total Nitrogen 
Total Phosphorus 
Btochemical Oxygen Demand 
FKal Coliform 
Sedcmeof 

Total Nltragen 
Total Phmphorur 
88ochem#cal Oxygen Demand 
Fecal Co l iBm 
sediment 

Total Nitrogen 
Total Phmphorul 
Blochembcal Oxygen Demand 
Fecal Coiifom 
Sedlmenf 

Tofal Nitrogen 
Total Phorphorur 
Biochemical Oxygen Demand 
Fecal Caliform 
Sediment 

Source 

Urban Dlffule Source Totals 

Urban Swrce Totals 

Rural Diffuse Sources 
Livestock Operations . . . . . . 

Cropland. Pasture. and Unused 
~ " r a i   and . . . . . . . . . . . . . . . 

sl~vlcuitural . . . . . . . . . 

~ , r  Pollution tosurface water , 

Rural Dlffure Sarvce Totals 

Diffuse Source Totals 

Total Sources 

~ ~ ~ ~ ~ ~ ~ ~ t a c ~ o n  . , 

Recreatlon . . . . 

Conrfructlon . . . . . . . . . 

septic s ~ ~ ~ ~ ~ .  . . . . . . . . . . . 

~ x t e n t ~  

12 
12 
12 
12 
12 

5 
5 
5 
5 
5 

0 
0 
0 
0 
0 

17 
17 
17 
17 
17 

16 
16 
16 
16 
16 

17896 
17896 
17896 
17896 
17896 

2150 
2750 
2750 
2750 
2750 

1241 
1241 
1241 
1241 
1241 

1595 

Percent 

8.3 
32.1 
15 4 
4.0 

41.8 

123 
45 3 
19.0 
4.3 

41.8 

24.3 
405  
40 7 
95.7 

1 7 

60 6 
130  
26.7 
0.0 

55 7 

1.2 
0 5 
1.0 
0 1 
0 4  

1.6 
0.6 

126 
0 0  
0.3 

87.7 
54 7 
81 0 
95.7 
58.2 

9 6 0  
8 6 8  
96 5 
99 7 

100 0 

100.0 
100 0 
100.0 
100 0 
100 0 

nitrogen, 45 percent of the phosphorus, 19 percent of 
the biochemical oxygen demand, 4 percent of the fecal 
coliform, and 42 percent of the sediment which occur 
as water pollutants in the Rock River watershed. Of 
the urban contribution, point sources of pollution are 
estimated to contribute 33 percent of the nitrogen, 
29 percent of the phosphorus, 19 percent of the bio- 

~xtent '  

67300 
67300 
67300 
67300 
67300 

311886 
31 1886 
31 1886 
31 1886 
311886 

41366 
41366 
41366 
41386 
41366 

142% 
142% 
14256 
14256 
14256 

1595 
1595 
1595 
1595 

1261 
1261 
1261 
1261 
1261 

4232 
4232 
4232 
4232 
4232 

5606 
5606 
5606 
5606 
5606 

50942 
50942 
50942 
50942 
50942 

Parameter 

Total Nlfrogen 
Total Phmphorus 
B#ochemical Oxygen Demsnd 
Fecal Coliform 
Sedimenf 

Total Nstrogsn 
Total Phaspharu$ 
B~ochemical Oxygen Demand 
Fecal Col8form 
Sedlmenf 

Total Nitrogen 
Total Phosphorus 
slochemlcal Oxygen Demand 
Fecal Collform 
Sediment 

Total Nltragen 
Total Phorpharur 
B#ochemical Oxygen Demand 
Fecal Collform 
Sedlmenf 

Tots1 Nlrrogen 
Total Phosphorus 
88ochem8ca1 Oxygen Demand 
Fecal Collform 
Sedlmenf 

Tmfal Nitrogen 
Total Phosphorus 
8,ochemical Oxygen Demand 
Fecal Col8farm 
Sedimen? 

Total Nllrageo 
Total Phmphorus 
Biochemical Oxygen Demand 
Fecal Collform 
Sedlmenf 

Tots1 Nitrogen 
Total Phorphorur 
Blochemlcal Oxygen Demand 
Fecsi Coilform 
Sedlmenf 

Total Nttrogen 
Toial Pharphorur 
B#ochemlCal Oxygen Demand 
Fecal Coliform 
Sedlment 

Total Natrogen 
Total Phorphorur 
~lochem~cal Oxygen Demand 
Fecal coliform 
Sed~menf 

T O ~ ~ I  ~~7~~~~~ 
~ o i a l  Phmphorus 
Blochemica1 Oxygen Demand 
.Fecal Coliform 
SedlmenI 

Total Nitrogen 
Total Phorphoru~ 
Btochem~cal Oxygen Demand 
Fecal Collform 
Sediment 

Total Nltrogen 
Total Phorphorus 
B,ochemicsl Oxygen Demand 
Fecal Callform 
Sediment 

T ~ ~ ~ I  N , ~ ~ ~ ~ ~  
Total Phmpharuf 
Blochemlcal oxygen ~~~~~d 
Fecal Colifarm 
Sediment 

~oadb  

Average Year 

Total E$timated 
Loading 

306.390.0 
141.430.0 
615.410.0 
190.000.0 

425.0 

8.200.0 
3.830.0 

25.400.0 
410.000 0 

10.0 

0 0  
0.0 
0.0 
0.0 
0 0 

1700 
30.0 

2.990 0 

I E,: 
4W.O 
130.0 

4.000 0 
610.000 0 

0.0 

315.160 0 
145.4200 
647.800.0 

1.210.000.0 
440.0 

71.5800 
5.730.0 

434.870 0 
2,863.360.0 

4.875 0 

24.750 0 
2.060 0 

268.400 0 
907.500 0 

1.025 0 

10.4200 
8700 

45,790.0 
769.420.0 

6050 

95.700.0 

Percent 

3.9 
12.9 
3.3 
0.0 
0.0 

0.1 
0 3 
0.1 
0.1 
0.0 

0.0 
0 0 
0.0 
0 0 
0.0 

0.0 
0 0 
0.0 

:.: 
0.0 
0.0 
0.0 
0 1 
0.0 

4.0 
132 
3 5  
0.3 
0 0 

0 9  
0 5 
2.4 
0 6 
0.4 

0.3 
0 2 
1 5 
0.2 
0.1 

0 1 
0 1 
0 2  
0 2 
0 0  

1.2 
71.7800 

191,4000 
0 0  

119.625 0 

27.630 o 
1.980.0 

177.1700 
734.320 0 

23.6100 

13.230 0 
490 0 

5.500 0 
92.4120 

890.0 

336.360.0 
252.270 0 
672.720 0 

0.0 
420,450 0 

71.320 o 
16.8100 

1.039.220.0 
12.735.5000 

1800 

6.5 
1 0  
0 0  
8 8 

o 4 
0 2 
1 0  
0.2 
1 7 

0 2 
0 0  
0.0 
0 0  
0.1 

4 3 
23.0 
3 7 
0 0  

30.6 

0.9 
1.5 
i5 7 
2 8 
OD 





chemical oxygen demand, 6 percent of the fecal coliform, 
and almost none of the sediment. Diffuse sources- 
including the estimated septic tank and construction- 
related contributions in the drainage area-account for 
the remaining 67 percent of the nitrogen, 71 percent 
of the phosphorus, 81 percent of the biochemical oxygen 
demand, 94 percent of the fecal coliform, and almost all 
of the sediment contributed from urban sources. 

Of the total pollutant loads, rural pollution sources are 
estimated to contribute the remaining 88 percent of the 
nitrogen, 55 percent of the phosphorus, 81  percent of the 
biochemical oxygen demand, 96 percent of the fecal 
coliform, and 58 percent of the sediment which occur as 
water pollutants in the watershed. Of the rural pollution 
sources, none are point sources, since none of the live- 
stock operations in the watershed are of sufficient size 
to fall within the definition used in this report. Other 
livestock feeding operations-inclusive of the disposal 
of manure on croplands--are estimated to contribute 
28 percent of the nitrogen, 74 percent of the phosphorus, 
50 percent of the biochemical oxygen demand, almost all 
of the fecal coliform, and 3 percent of the sediment from 
rural sources. The remainder of the estimated rural 
pollution load, or 72 percent of the nitrogen, 26 percent 
of the phosphorus, 50 percent of the biochemical oxygen 
demand, almost none of the fecal coliform, and 97 per- 
cent of the sediment, are contributed by other rural 
diffuse sources, namely storm water runoff from rural 
land uses and atmospheric loadings to surface waters. 

ROOT RIVER WATERSHED 

The Root River watershed is a natural surface water 
drainage unit with 196.9 square miles in areal extent 
located in the eastcentral portions of the Region. The 
boundaries of the basin, together with the locations of 
the main channels of the Root River and its principal 
tributaries, are shown on Map 85, along with the loca- 
tions of the known point sources of pollution and the 
generalized land uses as of 1975. The main stem of the 
Root River originates in the City of Greenfield and 
discharges to Lake Michigan at the City of Racine in 
Racine County. About 77 percent of the total area of 
the watershed is still in rural land uses, with about 
88 percent of this rural area in agricultural use. Most 
of the agricultural-related land use is located in the 
southwest portions of the watershed. Table 118 sets 
forth the extent and proportion of the major land cover 
categories within the watershed as they relate to water 
quality conditions in 1975. 

The soils within the Root River watershed are deep to 
moderately deep silt loams in the eastern parts of Racine, 
Kenosha, and Milwaukee Counties. Prairie loam soils 
appear in the western areas of these counties. Soils in 
Waukesha County generally consist of rolling silt loams 
or gravelly loams. Parts of Milwaukee County also consist 
of a clay type soil. Most of the soils are relatively fertile 
and produce high crop yields if managed correctly. 
Sediment discharges from these soils may result in high 
levels of nutrients in stream waters. 

Table 118 

AREAL EXTENT OF WATER QUALITY-RELATED LAND 
COVER IN THE ROOT RIVER WATERSHED: 1975 

a These special land cover categories, defined primarily according t o  their 
imperviousness and vegetative cover characteristics and effects on the 
quality of storm water runoff, were delineated at  a scale of 1"- 400' on 
aerial photographs taken in May 1975 and were measured to  the nearest 
full acre, using dot-counting overlays. The total acreages measured within 
hydrologic subbasins were then adjusted to  the preliminary control totals 
measured by digitizer from base maps of hydrologic subbasins at a scale o f  
1" = 2000'. Both the "square mi1es"and the 'percent"shown above were 
then computed and rounded to the nearest hundredth (0.01) o f  a percent. 
The final control total for the Root River watershed is indicated on 
Map 85. 

Includes: retail, communication, utilities, administrative, and institutional 
land uses. 

Land covera 

Urban 
. . . . . . . . . . . . . . . .  Residential 
b . . . . . . . . . . . . . . .  Commercial 

Industrial 
Manufacturing . . . . . . . . . . . . .  
Landfills and Dumps . . . . . . . . .  

Extractive . . . . . . . . . . . . . . . . .  
Transportation 

. . . . . . . .  Streets and Highways. 
. . . . . . . . . . . . . . . .  Airfields 

. . .  Railroad Yards and Terminals. 
Recreation 

. . . . . . . . . . . . .  Golf Courses. 
. . . . .  Parks and Other Recreation 

Land Under Development 
. . . . . . . . . . . . . .  FIesidentialC 

Commercial . . . . . . . . . . . . . .  
Industrial. . . . . . . . . . . . . . . .  
Transportation . . . . . . . . . . . .  
Recreation . . . . . . . . . . . . . . .  

Rural 
Agricultural 

. . . . . . . . . . . . .  Small Grains. 
. . . . . . . . . . . . . . . . . . .  Hay 

. . . . . . . . . . . . . .  Row Crops. 
. . . . . . . . . . . .  Specialty Crops 

Sod Farm . . . . . . . . . . . . . . .  
. . . . . . . . .  Other Open spaced. 

Silvicultural 
. . . . . . . . . . . . . . .  Woodlands 

Orchards and Nurseries. . . . . . . .  
Natural and Man-Made Water Areas- 
Subject t o  Atmospheric 
Pollutant Contributions 

Ponds, Lakes, and Streams. . . . . .  
Wetlands, Swamps, and Marshes. . .  

Total 

Based on 1975 total residen rial lands, adjusted by the 1970 ratio between 
residential lands and residential lands under development. 

Acres 

16,751 
2,830 

580 
271 
441 

1,309 
237 

1 

2,424 
1,628 

2,332 
41 

-- 
- -  

46 

6,259 
6,618 

53,438 
2,313 

349 
15,272 

6,054 
553 

447 
4,590 

124,784 

Square 
Miles 

26.1 7 
4.42 

0.10 
0.42 
0.69 

2.05 
0.37 
0.00 

3.79 
2.54 

3.64 
0.06 
- -  
-- 
0.07 

9.78 
10.34 
83.50 

3.61 
0.55 

23.86 

9.46 
0.86 

0.70 
7.1 7 

194.15 

Includes: pasture, unused urban and rural lands. 

Percent 

13.42 
2.27 

0.47 
0.22 
0.35 

1.05 
0.19 
0.00 

1.94 
1.30 

1.87 
0.03 
-- 
- -  
0.00 

5.02 
5.30 

42.82 
1.85 
0.28 

12.24 

4.85 
0.44 

0.36 
3.68 

100.00 

Source: U. S. Department o f  Agriculture, Soil Conservation Service and 
Agricultural Stabilization and Conservation Service; County Soil 
and Water Conservation Districts; University o f  Wisconsin-Extension 
Service; and SEWRPC. 





Table 119 

SELECTED CHARACTERISTICS OF MUNICIPAL SEWAGE TREATMENT PLANTS I N  THE ROOT RIVER WATERSHED: 1975 

a The popolarion design capacity far a given sewage treatmenr faciliry was obtained drecrly from engineering reports prepared by or for the local unrr of government operating rhe facrlity and reflects assumptions made by the 
design engineer. The popularion equivalent design capaciry was estimated by the Commission staff by divrding the design BOD loadtng in p~undsper day, as ser forth in the engineering reports, by an estimaredper capita 
contnburion of 0.21 pound of BOD5per day. I f  rhe design engrneer assumeda dtfferent darly per capita cantrrburion of BODr rh5e pmulatron equivalent design capacity wrN differ from the popularion design capacity shown 
in the table. 

Source: SEWRPC. 

Particularly important to comprehensive water quality 
management planning are the soil suitability interpreta- 
tions for specified types of urban development. Based 
upon the interpretations of the soil properties, about 
22 percent of the watershed is covered by soils that 
have severe or very severe limitations for residential 
development with public sanitary sewer service, as shown 
on Map 86; about 94 percent of the watershed is covered 
by soils that have severe or very severe limitations for 
small lot (less than one acre in size) residential develop- 
ment without public sanitary sewer, as shown on Map 87; 
and about 53 percent of the watershed is covered by soils 
that have severe or very severe limitations for large lot 
(one acre or larger in size) residential development, as 
shown on Map 88. 

Name 

Caddy Vorta 
Sanitary District 

Hales Corners Plant 

City of Muskego. 
Northeast Dlstrlcr 

City of New Berlin 
Greenridge Plant 
(Abandoned on 19751 

Rawson Homer Sewer 
and Water Trust 

V~llage of Union Grove 

Municipal and Private Sewage Treatment Facilities 
In 1975, a total of 14  sanitary sewerage systems or 
portions thereof served a total area of about 35.3 square 
miles within the watershed, or about 18  percent of 
the total area of the watershed, and a total population 
of about 124,900 persons, or approximately 82 per- 
cent of the total resident population of the watershed. 
Included in this total is the 0.9 square mile, or 0.5 per- 
cent of the watershed area, and estimated total of about 
8,100 persons, or about 5 percent of the resident popula- 
tion of the watershed, served by combined storm and 
sanitary sewerage systems. 

Total 
Ares 

Served 
(square miles) 

0.29 

2.99 

2.60 

0.12 

0.16 

0.97 

Five municipally owned sewage treatment plants are 
located in the Root River watershed. The Hales Comers 
plant, operated by the Milwaukee Metropolitan Sewerage 

Enirtlng 

Average 
Hydraulic 

Imgdl 

0.09 

0.52 

0.34 

N I A  

0 43 

~ o p u l a t i o n ~  
Equivalent 

N I A  

6,350 

4,760 

955 

320 

2,400 

District, which serves the Village of Hales Comers, and 
the Rawson Homes Sewer and Water Trust plant, which 
serves portions of the City of Franklin, discharge treated 
effluents to tributaries of Whitnall Park Creek; the Caddy 
Vista Sanitary District, which serves portions of the 
Town of Caledonia, discharges treated effluents to the 
Root River directly; the plant which serves the Village 
of Union Grove discharges treated effluents to the 
West Branch of the Root River Canal; and the City of 
Muskego Northeast District plant, which serves portions 
of the City of Muskego, discharges treated effluents 
directly to Tess Comers Creek. The City of New Berlin 
Greenridge plant, which had been discharging treated 
effluents to a tributary of Whitnall Park Creek, was 
abandoned in 1975 and its service area was connected to 
the Milwaukee Metropolitan Sewerage District. Selected 
information for these municipal sewage treatment plants 
is set forth in Table 119, and the plant locations are 
shown on Map 85. In addition to the publicly owned 
sewage treatment facilities, 11 private wastewater treat- 
ment facilities exist in the Root River watershed owned 
and operated by: Cooper-Dixon (C&D) Duck Farms, 
Fonk's Mobile Home Park No. 1, Frank's Pure Foods 
Company, Grove Duck Farms, Highway 100 Drive-In 
Theater, Highway 24 Outdoor Theater, New Berlin 
Memorial Hospital, Pekin Duck Farm, Inc., Racine 
County Highway and Park Commission, Southem Colony 
Training School and Treatment Facility (center for the 
developmentally disabled), and Union Oil Truck Stop. 
Selected data on these 11 privately owned wastewater 
treatment facilities are presented in Table 120, and their 
locations are shown on Map 85. Of the five publicly and 

Estimated 
Total 

Population 
Served 

1.000 

8.800 

6.000 

800 

600 

3.200 

Loading 

Average 
Per 

Capita 

fgpdl 

90 

59 

57 

N I A  

134 

Capacity 

Average 
Organic 

lpoundsof 
BOD5 per day) 

N I A  

1,333 

1,000 

200 

67 

510 

~ o p u l a t , o n ~  

N I A  

9.000 

5.000 

1.000 

402 

3.000 

Date of 
Construction 

and Major 
Modrftcation 

1956 

1942. 1957 

1972 

1966 

1954 

1937, 1962 

Average 
Hydraulic 

lmgdl 

0.25 

0.90 

0.50 

0.10 

0.04 

0 30 

Des~gn 

Peak 
Hydraulic 

lmgdl 

0.40 

NIA  

1 .O 

NIA  

N I A  

0 72 

Type 
of 

Treatment 

Trlckltng Filter 

Tricklang Fllter 
Disinfection 

Activated Sludge 
Phosphorus 

Removal 
Dlstnfection 
Actwated Sludge 

Act~vated Sludge 
O~%#nfect#on 
Activated Sludge 
D8sinfection 

Level of 
Treatment 

Provlded 

Secondary 

Secondary 
Auxollary 

Secondary 
Advanced 

Auxlllary 
Secondary 

Secondary 
Auxiliary 
Secondary 
Auxiliary 

Dirporal 
of 

Effluent 

Root Rwer  

Trlburary of 
Whlfnall 
Park Creek 

Tess Corners 
Creek 

Tributary of 
Whitnall 
Park Creek 

Trtbutary of 
Wh!tnall 

West Branch 
Root River Canal 



SUITABILITY OF SOILS FOR RESIDENTIAL DEVELOPMENT WITH 
PUBLIC SANITARY SEWER SERVICE IN THE ROOT RIVER WATERSHED 

Of Particular importanm in cmwIabnsive Water quality Planning ir the recognitbn mi the limitations mBnt in the soil resmmbare.  Abaut 22 percent of the 
area Of the Root River watershed ir covered with soils which are poorly suited for residential development with public sanitary sewer newice or, more precisely, 
residential devsiopmnt o f  any kind. There rails, which include wet roils having a high water table or poor drainage, organic roils whlch are poorly drained and 
p r ~ i d B  poor foundation $upport, and soils whlch have a flood hazard. are erpecially prevalent in the riverine areas o f  the watershed. 

Sourn: U. S. Soil C~nservation Ssrvics and SEWRPC. 
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Approximately 94 percent of the ares of the Root River watershed ip covered by soils poorly suited for residential development on lots hsvinsan area smaller than 
one acre and not served by public sanitary rswsrage facilities. Reliance on reptic tank rewage disposal sysfems i n  these areas, which are covered by nlatively 
impewioun ooilr or are subject to seasonally high wafer tables, can only result in eventual malfunctioning of such syrtsmr and the eonssquent intensification of 
wsfsr pollution and public health problems in the watershed. 

Source: U. S Soil Consemtion Service and SEWRPC. 
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SUITABILITY OF SOILS FOR LARGE LOT RESIDENTIAL DEVELOPMENT WITHOUT 
PUBLIC SANITARY SEWER SERVICE IN THE ROOT RIVER WATERSHED 

b~mx ima te l v  53 Psrcant of the area of the Root River watershed is ~ l v e m d  by roils poorly suited for rslidendal development on lots having an area of one acre or 
mare and not =wed by public wnitary wwem@ facilities. The inherent limitations of thew soils for rsptic tank rewage dlnpooal systems cannot be overcome rimply 
by the provirion of lamer 10%. and the use of such gystems on mesa ooils. which cannot absorb the sswsge effluent, ultimately reruln in surface ponding and mnoff 
of p8rtielly treated wastes into nearby wateroouner. 

Source: U. S Soil Cons~ryation Servica sndSEWRPC. 
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Table 120 

SELECTED CHARACTERISTICS OF PRIVATELY OWNED WASTEWATER 
TREATMENT FACILITIES IN THE ROOT RIVER WATERSHED: 1975 

NOTE: N/A indicates data nor available. 

Name 

MILWAUKEE COUNTY 
Highway 100 

Drive-In Theater 

Union Oil 

Truck Stop 

RACINE COUNTY 
C & D Foods 

Duck Farms 

Fonk's Mobile 
Park No. 1 

Frank's Pure 
Food Company 

Grove Duck 
Farm, Inc. 

Pekin Duck Farm 

Racine County 
Highway and 
Park Commission 

Southern Colony 
Training School 
and Treatment 
Facility (Center for 
Developmentally 
Disabled) 

WAUKESHA COUNTY 
Highway 24 

Outdoor Theater 
New Berlin 

Memorial Hospital 

a Unless specifically noted otherwise, data were obtained, i n  order of  priority, from: quarterly reports filed with the Wisconsin Department o f  Natural Resources under the Wisconsin 
Pollutant Discharge Elimination System or under Section 101 o f  the Wisconsin Administradve Code o r  from the Wisconsin Pollutant Discharge Elimination System permit inelf. I n  
some cases when 12 months of flow data were not  reported, the average annualandmaximum monthly hydraulic discharge rates were estimated from the available monthly discharge 
data or from the flow data as reported i n  the permit. 

Source: Wisconsin Department of  Natural Resources and SEWRPC, 

Civil 
Division 

Location 

City of 
Franklin 

City of 
Franklin 

pppp 

Town of 
Yorkville 

Town of 
Yorkville 

Town of 
Caledonia 

Town of 
Raymond 

Town of 
Yorkville 

Town of 
Yorkville 

Town of 
Dover 

City of 
New Berlin 

City of 
New Berlin 

11 privately operated sewage treatment facilities, one 
facility discharges effluent directly to  the main stem of 
the Root River; one discharges to a tributary of the Root 
River; one discharges to the Root River via a drainage 
ditch; two discharge to  tributaries of Whitnall Park 
creekt3 ; two discharge to  the West Branch of the Root 
River Canal; two discharge to  tributaries of the West 
Branch of the Root River Canal; one discharges to  the 
East Branch of the Root River Canal; one discharges to  
Tess Corners Creek; one discharges to  Hoods Creek; and 
one discharges to  Hoods Creek via a drainage tile. The 
remaining three facilities utilize soil absorption systems. 

Sanitary Sewerage System Flow Relief Points 
In 1975 there were 8 combined sewer outfalls and 

Type of 
Land Use 

Served 

Commercial 

Commercial 

Industrial 

Residential 

Industrial 

Industrial 

Industrial 

Governmental 

Institutional 

Commercial 

Institutional 

53 known sanitary sewer flow relief devices in the water- 
shed, as listed in Table 121 and shown on Map 85. Of 
the latter, 20 were sanitary sewerage system bypasses; 
11 were portable pumping stations; and the remaining 
22 were crossovers. Of the total 61  flow relief devices 
and combined sewer outfalls, 56 discharge directly to  the 
main stem of the Root River; 2 discharge directly to  the 
East Branch of the Root River; 2 discharge directly to  
Hoods Creek; and 1 discharges directly t o  the West 
Branch of the Root River Canal. 

Type of 
Wastewater 

Sanitary 

Sanitary 

Process and 
Sanitary 

Sanitary 

Process 

Process and 
Sanitary 

Process 

Sanitary 

Sanitary 

Sanitary 

Sanitary 

Reported Maximum 
Monthly Hydraulic 

Discharge Rate 
(gallons per day)a 

Type of 
Treatment 

Provided 

Septic Tank, 
Sand Filter, 
and Lagoon 

Extended 
Aeration 

Lagoon and 
Activated Sludge 

Extended Aeration 
and Lagoon 

Screening and 
Lagoon 

Lagoon 

Lagoon and 
Spray Irrigation 

Activated Sludge 
and Lagoon 

Contact 
Stabilization, 

and Lagoon 

Septic Tank 
and Lagoon 

Activated Sludge 
and Lagoon 

Disposal 
of Effluent 

Reported Average 
Annual Hydraulic 

Discharge Rate 
(gallons per day)a 

Soil Absorption 6,000 N l A  

Tributary of 10,000 N/A 
Root River 

Average 
Hydraulic 

Design Capacity 
(gallons per day) 

Tributary of 
West Branch 
Root River Canal 

East Branch 
Root River Canal 

Hoods Creek 
via Drainage Tile 

Tributary of 
West Branch 
Root River Canal 

Soil Absorption 

Hoods Creek 

West Branch 
Root River Canal 

Soil Absorption 

Root River 
via Drainage Ditch 

269,900 

13.000 

70,000 

25,000 

6,000 

N /A 

180.000 

N/A 

26,000 

N/A 

15,000 

N /A 

NIA 

50,000 

10,000 

445,000 

lntermittent 

19,000 

322,600 

N/A 

70,000 

40,000 

90.000 

N/A 

210,000 

Intermittent 

37,000 



Table 121 

KNOWN SANITARY SEWERAGE SYSTEM FLOW RELIEF DEVICES I N  THE 
ROOT RIVER WATERSHED BY  RECEIVING STREAM A N D  C IV IL  DIVISION: 1975 

Source: SEWRPC. 

Other Known Point Sources 
A total of 13  other known point sources of pollution 
were identified in the watershed in 1975. These other 
point sources consisted primarily of 20 outfalls through 
which industrial cooling, process, rinse, runoff, and 
wash waters were discharged directly or indirectly to  
the surface water system. Of these, 13  were identified 
as discharging only cooling water. The remaining 7 were 
discharging other types of wastewaters. Industrial waste- 
water enters the Root River and its major tributaries 
directly through industrial waste outfalls or indirectly 
through drainage ditches and storm sewers. Table 122 
summarizes by receiving stream and civil division the 
characteristics of these other point sources, and Map 85 
shows their locations. Four of these other point source 
outfalls discharge directly to  the Root River main stem 
and 11 outfalls discharge to the Root River via storm 
sewers, drainage ditches, or unnamed tributaries, dis- 
charge to  tributaries of the Root River, and two utilize 
a soil absorption system. 

Total 

18 

2 

2 

2 

33 

2 

1 

1 

61 

Receiving 
Stream 

Root River. . . . . . .  

. . . . . . .  Root River 

East Branch of 
Root River. . . . . .  

. . . . . .  Root River. 

Root River. . . . . . .  

. . . . .  Hoods Creek. 

. . . . . .  Root River. 

West Branch of 
Root River Canal. . 

Total 

Privately Owned Onsite Sanitary Wastewater Treatment 
In addition to  being provided through centralized 
sanitary sewerage service within the watershed, sanitary 
wastewater treatment and disposal is provided through 

Civil 
Division 

City of 
West Allis 

City of 
Milwaukee 

City of 
Milwaukee 

Town of 
Caledonia 

City of 
Racine 

Town of 
Caledonia 

Town of 
Mt. Pleasant 

Village of 
Union Grove 

approximately 6,712 privately owned onsite sewage dis- 
posal systems consisting of 6,686 septic tanks, 21 holding 
tanks, and 5 mound systems. These systems serve a total 
resident population of about 27,600 persons, or 18  per- 
cent of the total resident population of the watershed. 
Of this total, about 9,500 persons, or about 34 percent, 
resided in concentrated areas of urban development 
having at least 32 housing units in a U. S. Public Land 
Survey quarter section. These scattered quarter sections 
of urban land use concentration totaled about 7.2 square 
miles of urban land use, or about 4 percent of the total 
area of the watershed. 

Urban Storm Water Management Systems 
As noted in Table 118, land cover categories associated 
with urban land uses as of 1975 comprised 28,900 acres, 
or about 23 percent of the Root River watershed. The 
most important urban land cover category was residential 
land, with about 13.4 percent. 

Combined 
Sewer 

Outfalls 

0 

0 

0 

0 

8 

0 

0 

0 

8 

There were a total of 11 known storm water drainage 
systems providing service to the subareas of the Root 
River watershed within the Region in 1975. These 
include the systems operated by the Cities of Franklin, 
Greenfield, Milwaukee, Muskego, New Berlin, Oak Creek, 

Portable 
Pumping 
Stations 

11 

0 

0 

0 

0 

0 

0 

0 

11 

Flow Relief Devices 

Relief 
Pumping 
Stations 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Crossovers 

7 

2 

2 

0 

11 

0 

0 

0 

22 

Other 

By passes 

0 

0 

0 

2 

14 

2 

1 

1 

20 



Table 122 

CHARACTERISTICS OF OTHER KNOWN SOURCES OF WATER POLLUTION IN THE ROOT RIVER WATERSHED: 1975 

NOTE: N/A indicates data no t  available 

a Unless specifically noted otherwise, data were obtained, i n  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 o f  the Wisconsin Administrative Code or from the Wisconsin Pollutant Discharge Elimination System permit itself. In  
some cases when 12 months of f low data were no t  reported, the average annual and maximum monthly hydraulic discharge rates were estimated from the available monthly discharge 
data o r  from the flow data as reported i n  the permit. 

Name 

MILWAUKEE COUNTY 
Fruehauf 
Corporation 

Milwaukee County 
Park Commission- 
Hales Corners Park 

P.P.G. Industries, Inc. 

Union Oil 
Milwaukee Truck Stop 

Vulcan Materials 
Company 

RACINE COUNTY 
C & D Foods, Inc. 

Emerson Electric 
Company- 
lnsinkerator Division 

Fohr's Meat Service 

Frank's Pure 
Food Company 

Harry Hansen 
Meat Service 

Racine Stamping 
Corporation 

Twin Disc, Inc. 
Racine Street 

Twin Disc, Inc.- 
21st Street Plant 

Western Publishing 
Company 

Source: Wisconsin Department of  Natural Resources and SEWRPC. 

Receiving 
Water Body 

South Branch 
Root River 
via Storm Sewer 
and Drainage Ditch 

Root River 
via Storm Sewer 

Root River 
via Drainage Ditch 

Tributary of the 
Root River 

Root River 

West Branch 
Root River 

Root River 
via Storrn Sewer 

Root R~ver 
via Storm Sewer 

Groundwater 

Hoods Creek 
via Drainage Tile 

Groundwater 

Root River 
via Storm Sewer 

Root River 
via Storm Sewer 

Root River 
via Storm Sewer 

Root River 
via Storm Sewer 

Root River 
via Storm Sewer 

Root River 
via Storm Sewer 

Root River 
via Storm Sewer 

Root River 
Root River 
Root River 

Racine, and West Allis and the Villages of Greendale, 
Hales Comers, and Union Grove. Local documentation 
in the form of a map of the storm water drainage system 
was not available for the City of Muskego and the Village 
of Hales Comers. Together, the nine storm water drainage 

Standard 
Industrial 

Classification 
Code 

7539 

7999 

2851 

5541 

1422 

0259 

3639 

2033 

2033 

2011 

3469 

3566 

3566 

2731 

systems for which mapping was available have a tributary 
drainage area of about 16.5 square miles, or about 8 per- 
cent of the total area of the watershed. About 0.5 per- 
cent of the total area of the watershed is served by 

Reported Average 
Annual Hydraulic 

Discharge Rate 
(gallons per day)a 

3,200 

Intermittent 

4,000 

Intermittent 

321.000 

269,000 

27,200 

13.400 

N /A 

12.800 

1,400 

17,500 

17,000 

1 1.000 

29.000 

45,000 

73,000 

6,000 

154,000 
108,300 
96,000 

combined sanitary and storm sewers, as noted above. 
Included within this storm water drainage area are 
a total of 124 known storm water outfalls ranging in 
size from 12  to 96 inches in diameter. There were no 
known storm water pumping facilities and three known 
storm water storage facilities in the watershed. The total 
annual average discharge from these outfalls is estimated 
to be about 2,113 million gallons per year occurring on 
the average in 70 events. 

Reported Maximum 
Monthly Hydraulic 

Discharge Rate 
(gallons per day)a 

4,000 

Intermittent 

6.600 

Intermittent 

1,260,000 

322.600 

33,000 

15,800 

1.000 

16.000 

N/A 

N /A 

30.000 

25,000 

40,000 

65,000 

94,000 

9.000 

601.300 
371,000 
328,000 

Civil 
Division 
Location 

City of 
West Allis 

Village of 
Hales Corners 

City of 
Oak Creek 

City of 
Franklin 

City of 
Franklin 

Town of 
Yorkville 

City of 
Racine 

Town of 
Raymond 

Town of 
Caledonia 

Town of 
Raymond 

Gin/ of 
Racine 

Gin/ of 
Racine 

City of 
Racine 

City of 
Racine 

Known 
Treatment 

None 

None 

Oil Separator 
and pH 
Adjustment 

Oil Separator 

N /A 

Activated 
Sludge and 
Lagoon 

None 

None 

Septic 
System 

None 

Septic 
Tank 

None 

N /A 

N /A 

N /A 

N /A 

N /A 

N/A 

N /A 
N /A 
N /A 

Type of 
Wastewater 

Process and 
Cooling 

Swimming Pool 
Overflow and 
Drainage 

Cooling Boiler 
and Cooling 
Tower Blowdown 

Runoff 

Runoff 

Process and 
Sanitary 

Cooling 

Cooling 

Process and 
Sanitary 

Cooling 

Process 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling 

Cooling 
Cooling 
Cooling 

Outfall 
Number 

1 

1 

1 

1 

1 

1 

1 

2 

1 

2 

1 

1 

1 

2 

3 

1 

2 

3 

1 
2 
3 



Table 123 

SUMMARY OF ESTIMATED AVERAGE ANNUAL POLLUTANT LOADINGS I N  THE ROOT RIVER WATERSHED: 1975 

Urban Posnr Sources 
Mun8clPal Sewage Treatment Planrr 

Prvale Sewage Treatment Plants 

Combned sewer Overf low 

s o u r e  

Sanitary Sewer F low Relief oevtcrr 

1 Urban Pa~nr  Source T o t a r  

txtenta 

5 Total Nitrogen 
5 Total Pharphoru. 
5 Bmhemlca l  oxygen Demand 
5 Fecal Ca l fo rm 
5 Sediment 

8 Total N~frogen 
8 Total Phosphorus 
8 B,ochem#cal Oxygen Demand 
8 Fecal Coi8form 
8 Sediment 

8 Total N~trogen 
8 Total Phosphorus 
8 B m h e m c a l  Oxygen Demand 
8 Fecal Co i~ fo rm 
8 Srdlment 

11 Total Nitrogen 
11 Total Phosphorus 
11 88ahemical Oxygen Demand 
I1 Fecal Collfarm 
11 Sediment 

Parameter 

Total N t rogen  153.140.0 
Total Phorohorur 39.440 0 
Bcchemical Oxygen Demand 400.420 0 
Fecal Co i fo rm 49.953.000 0 I sed#ment I 3300 

Urban D f f u r e  Sourcer 
Rardentlal  

~ o a d ~  

Average Year 

16751 Total Nitrogen 
16751 Toral Phosoharui 
16751 B#achem,ca Oxygen Demand 
18751 Fecal Col i lorm 
16751 Sedsmenf 

Total Erllmated 
Loading 

2830 Total Nlrrogen 
2830 T a r a  Phosphorus 
2830 Biahem8cal Oxvgen ~ e m ~ n d  
2830 Fecal Colmform 
2830 Sediment 

percent 

851 Tots1 Nstrogen 
851 Toral Phorphorur 
851 Btochem~cal Oxygen Demand 
851 Fecsl Col l form 
851 Scdtment 

441 Total Nitrogen 
441 Tmai P h o i ~ h o r ~ .  
441 Bmochemmcal Oxygen Demand 
441 Fecal CoI8form 
441 Sediment 

1547 Total Nscrogen 
1547 Total Phorphorur 
1547 Bochem8cal Oxygen Demand 
1547 Fecal Colmform 
1547 Sed~ment 

4052 Tafal N~trogen 
4052 Total Phosphorur 
4052 B<ochem<csl Oxygen Demand 
4052 Fecal Colmform 
4052 Sedlmenf 

2419 Total Nitrogen 
2419 Total Phoiphorur 
2419 Biochem~cal Oxygen  ema and 

2419 Fecal Coi8iorm 
2419 Sediment 

27562 ~ o f a l  ~ ~ t r o g e n  
27562   oral ~ h o r p h a ~ u .  
27562 B,ochem,cal oxygen oemand 
27562 F ~ C ~ I  collform 
27562 scdlment 

a Urban point raurcer are expressed in number of plane, other facilitiier. and points of sewage flow relief. urban diffuse 
sources are expremed in number of acres except septic sysfemr wheh am expresedin the number of pemonr served, +nd 
rural diffuse sources are expressed in acres e x q t  iiverfoch operation8 which am expressed in sovivalent animal v n i a  

Source 

Urban Dlf fure S a u r a  Totals 

Urban Source Totals 

Rural Dlf fure Sources 
LIV~I~DC~ Ooerartani . . 

Cropland. Pasture. and Unused 
Rural Land . . . 

S ~ v c u l t u r a i  . . . . 

A#r Pollul#on to  Surface Waxer . . . 

Rural Dmffusesource Totals 

D f f u r e  Source Totals 

Total Sources 

bLoedr presented in pounds Per year, except for krrl coliform presented in covne x 108per year. and sediment pre- 
senfedin tons per year 

Soume' SEWRPC. 

lands with 5 percent, and wetlands, swamps, and marshes 
with 4 percent of the watershed. As of May 1975, there 
were an estimated 102 domestic livestock operations- 
operations of 25 or more equivalent animal units-having 
a total of 9,350 equivalent animal units within the water- 
shed. This figure does not include three duck farms with 
a total of 230,900 ducks, or 2,309 equivalent animal 
units, for which the associated wastes are treated in 
treatment plants discussed above as point sources. Of the 
102 operations, 47, or 46 percent, were located within 

~ x t e n f *  

9350 
9350 
9350 
9350 
9350 

84249 
84249 
84249 
84249 
m249 

6607 
6507 
6607 
6607 
6607 

447 
447 
447 
447 
447 

500 feet of the surface wakr system of the watershed. 
Rural Storm Water Runoff 
About 95,900 acres, or 77 percent, of the total area Pollution Loadings 
of the watershed, are devoted to  rural land use activities. A summary of the estimated average annual pollution 
The most important rural land cover categories were row loadings in the Root River watershed is presented in 
crops with 43 percent, hay with 5 percent, other open Table 123 and depicted in Figure 41. Urban sources 
space with 12 percent, small grains with 5 percent, wood- of pollution are estimated to contribute 27 percent 

Parameter 

Total Nttrogen 
Total Phor~ho ius  
B8ochem8cal Oxygen Demand 
Fecal Co I fo rm 
Sedsmenf 

Tafal Nmtrogen 
Total Phorpharur 
Blochemicat Oxygen Demand 
Fecal Co f~ fa rm 
Sedlmenf 

Total Nmtrogen 
Total Pholphotur 
Blochemlcal Oxygen Demand 
Fecal Cal<form 
Sediment 

Toial  Nitrogen 
Total Phosphorus 
Bochemmcal Oxygen Demand 
Fecal Col i form 
Sedtmsnt 

Total N~ t rogen  
Total Phosphorus 
Bmhem#ca i  Oxygen Demand 
F ~ C ~ I  C O I ~ ~ O ~ ~  

Sedlmenr 

Total Nitrogen 
Total Pharphoiur 
88ochem~cal Oxygen Demand 
F ~ c a l  Col#form 
Sedlmen! 

Total Nitrogen 

Tala! Phorphorui 
Bmochemcal Oxvgen Demand 
Fecal Col i form 
Sedlmenf 

Total Nltragen 
Total Phosphorus 
Blochemlcel Oxygen Demand 
Fecal Co l fo rm 
Sedlmenf 

Total Nitrogen 

Tolal Phas~horur  
B~ahemlca l  Oxygen Demand 
Fecal Co l fa rm 
Sedsmenf 

~ o a d ~  

Average 

Total E r fmated  
LOadlng 

476.210 0 
176.2200 

3.524.530.0 
32.639.938.0 

250.0300 

623.350.0 
215.660.0 

3.924.950.0 
82.592.938.0 

250.360.0 

265.540 0 
61.710.0 

1.039.720.0 
59.840.0W.O 

3.275.0 

1.393.790 0 
41.5500 

1.448.050 0 
0.0 

I 219.860 0 

15.2W.O 
930.0 

30.390.0 
43.6062 

830.0 

3.980 0 
220.0 

72.410 0 
0 0 

150.0 

1.678.510 0 
104,410.0 

2.590.570 0 
59,883,506 2 

224,1150 

2.154.720.0 
280.630 0 

6.1 15.1000 
92.523.544.2 

474.145.0 

2.307.850.0 
320.070.0 

6.515.520.0 
142.476.544.2 

474.475.0 

Year 

Percent 

M 6 
55.1 
54.1 
22.9 
52 7 

27 3 
67 4 
60 2 
58.0 
52.8 

11.5 
193  
16 0 
42.0 

0.7 

60 4 
13.0 
22.2 
0.0 

46.3 

0 7  
0.3 
0.6 
o n  
0.2 

0 2 
0.1 
1 1 
0.0 
0.0 

72 7 
32.6 
39.8 
42.0 
472  

83.4 
87.7 
93.9 
64.9 
99 9 

100.0 
100.0 
100 0 
100.0 
100.0 



Figure 41 

SUMMARY OF ESTIMATED AVERAGE ANNUAL POLLUTANT LOADINGS IN THE ROOT RIVER WATERSHED: 1975 

NITROGEN 
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"mean 
DlFFUK DIFFUSE 

RURAL 

POLLUTION SO- 

Source: SEWRPC. 



Table 124 

of the nitrogen, 67 percent of the phosphorus, 60 per- 
cent of the biochemical oxygen demand, 58 percent of 
the fecal coliform, and 53 percent of the sediment which 
occur as water pollutants in the Root River watershed. 
Of the urban contribution, point sources of pollution 
are estimated to contribute 24 percent of the nitrogen, 
18 percent of the phosphorus, 10 percent of the bio- 
chemical oxygen demand, 61 percent of the fecal coli- 
form, and almost no sediment. Diffuse sources-including 
the estimated septic tank and construction-related 
contributions in the drainage area-account for the 
remaining 76 percent of the nitrogen, 82 percent of the 
phosphorus, 90 percent of the biochemical oxygen 
demand, 39 percent of the fecal coliform, and almost 
all of the sediment contributed from urban sources. 

Of the total pollutant loads, rural pollution sources are 
estimated to  contribute the remaining 73 percent of the 
nitrogen, 33 percent of the phosphorus, 40 percent of the 
biochemical oxygen demand, 42 percent of the fecal 
coliform, and 47 percent of the sediment which occur as 
water pollutants in the watershed. Livestock feeding 
operations-inclusive of the disposal of manure on 
c r o p l a n d s ~ e  estimated to contribute 16 percent of the 
nitrogen, 59 percent of the phosphorus, 40 percent 
of the biochemical oxygen demand, almost all of the 
fecal coliform, and 1 percent of the sediment from rural 
sources. The remainder of the estimated rural pollution 
load, or 84 percent of the nitrogen, 41 percent of the 
phosphorus, 60 percent of the biochemical oxygen 
demand, almost none of the fecal coliform, and 99 per- 
cent of the sediment, are contributed by other rural 
diffuse sources, namely storm water runoff from rural 
land uses and atmospheric loadings to surface waters. 

SAUK CREEK WATERSHED 

The Sauk Creek watershed is a natural surface water 
drainage unit 33.7 square miles in areal extent located 
in the northern portion of the Region. The boundaries 
of the basin, together with the locations of the main 
channels of Sauk Creek, are shown on Map 89, along with 
the locations of the known point sources of pollution 
and the generalized land uses as of 1975. The main stem 
of Sauk Creek originates two miles northeast of the 
Village of Fredonia in north-central Ozaukee County and 
discharges to Lake Michigan at the harbor area in the 
City of Port Washington. About 94 percent of the total 
area of the watershed is still in rural land uses, with about 
93 percent of this rural area in agricultural use. Most of 
the urban-related land use is located in and near Port 
Washington and near Fredonia in the southern and 
west-central portions of the watershed, respectively. 
Table 124 sets forth the extent and proportion of the 
major land cover categories within the watershed as they 
relate to water quality conditions in 1975. 

The soils within the Sauk Creek watershed are generally 
silt loams. Most of the soils are relatively fertile and 
produce high crop yields if managed correctly. Sediment 
discharges from these soils may result in high nutrient 
levels in stream waters. 

AREAL EXTENT OF WATER QUALITY-RELATED 
COVER I N  THE SAUK CREEK WATERSHED: 1975 

a These special land cover categories, defined primarily according to their 
imperviousness and vegetative cover characteristics and effects on the 
quality of storm water runoff, were delineated at  a scale of 1" = 400' on 
aerial photographs taken in May 1975 and were measured to  the nearest 
full acre, using dot-counting overlays. The total acreages measured within 
hydrologic subbasins were then adjusted to  the control totals measured by 
digitizer from base maps of hydrologic subbasins at a scale of 1 "= 2000: 
Both the 'square mi1es"and the 'Dercent"shown above were then com- 
puted and rounded to the nearest hundredth 10.011 of a percen t. 

Includes: retail, communication, utilities, administrative, and institutional 
land uses. 

Percent 

2.70 
0.99 

0.58 
0.05 

0.54 
0.26 

- -  
0.33 

0.20 

0.05 

- -  

12.06 
27.60 
37.43 
5.33 

4.84 

3.89 
0.50 

0.08 
2.55 

100.00 

Land covera 

Urban 
Residential . . . . . . . . . . . . . . . .  

b Commercial . . . . . . . . . . . . . . .  
Industrial 

Manufacturing . . . . . . . . . . . . .  
Landfills and Dumps . . . . . . . . .  

Extractive. . . . . . . . . . . . . . . . .  
Transportation 

Streets and Highways. . . . . . . . .  
Airfields . . . . . . . . . . . . . . . .  
Railroad Yards and Terminals. . . . - -  

Recreation 
Golf Courses. . . . . . . . . . . . . .  
Parks and Other Recreation . . . . .  

Land Under Development 
. . . . . . . . . . . . . .  ResidentialC 

Commercial . . . . . . . . . . . . . .  
Industrial . . . . . . . . . . . . . . . .  
Transportation . . . . . . . . . . . .  
Recreation . . . . . . . . . . . . . . .  

Rural 
Agricultural 

Small Grains. . . . . . . . . . . . . .  
Hay. . . . . . . . . . . . . . . . . . .  
Row Crops. . . . . . . . . . . . . . .  
Specialty Crops . . . . . . . . . . . .  
Sod Farm . . . . . . . . . . . . . . . - -  

d Other Open Space . . . . . . . . . .  
Silvicultural 

Woodlands. . . . . . . . . . . . . . .  
Orchards and Nurseries. . . . . . . .  

Natural and Man-Made Water Areas- 
Subject t o  Atmospheric 
Pollutant Contributions 

Ponds, Lakes, and Streams. . . . . .  
Wetlands, Swamps, and Marshes. . .  

Total 

Based on 1975 total residential lands, adjusted by the 1970ratio between 
residential lands and residential lands under development. 

Includes: pasture, unused urban and rural lands. 

Square 
Miles 

0.93 
0.34 

0.20 
0.02 

0.19 
0.09 

- -  

0.13 

0.07 
- -  
0.02 

.. 

4.16 
9.53 
12.93 
1.84 

1.67 

1.34 
0.17 

0.03 
0.88 

34.54e 

The total area of the Sauk Creek watershed represented in this table is 
different than the total area of the Sauk Creek watershed identified in 
the text and on Map 89. This is due to the fact that the area set forth on 
Map 89 includes only that portion of the Sauk Creek watershed lying 
within the civil boundaries that comprise the Southeastern Wisconsin 
Region. The area of the Sauk Creek watershed represented in this table 
represents an aggregation o f  subbasins, the boundaries of which do not 
always coincide with the civil boundaries of the Region. 

Acres 

597 
218 

128 
12 

- -  

118 
57 

- -  

. - 
72 

45 
-. 
10 

. . 
-. 

2,665 
6,099 
8,275 
1.1 78 

1,070 

859 
110 

18 
563 

22,094 

Source: U. S. Department of Agriculture, Soil Conservation Service and 
Agricultural Stabilization and Conservation Service; County Soil 
and Water Conservation Districts; University of Wisconsin-Extension 
Service; and SEWRPC. 



Map 89 

THE LOCATION, BOUNDARIES, AND MAJOR STREAMS OF THE SAUK CREEK WATERSHED- 
SHOWING POINT SOURCES OF POLLUTION AN0 GENERALIZED LAND USES: 1975 

LEGEND 

SUBURBAN AND LOW DENSITY 
RESIDENTIAL (0.2-2.2 
DWELLING UNITS PER NET 
RESIDENTIAL ACRE) 

MEDIUM DENSITY RESIDENTIAL 
(2.3-6.9 DWELLING UNITS PER 
NET RESIDENTIAL ACRE 1 

NONE HIGH DENSITY ESIOENTIAL 
(70-17.9 DWELLING UNITS PER 
NET RESIDENTIAL ACRE 

PRIMARY ENVIWMENTAL 
CORRIDOR PRESERVATION 
THROUGH PUBLIC AQUlSlTlON 

NONE MAJOR RETAIL AND 
SCRVICE CENTER 

NONE MAJOR INDUSTRIAL CENTER 

PUBLIC AIRPORT 

NONE MPJOR PUBLIC OUTDOOR 
RECREATION CENTER 

POINT SOURCES OF POLLUTION 

PUBLIC SEWAGE TREATMENT 
FACILITY 

PRIVATE SEWAGE TREATMENT ' FACILITY 

KNOWN POINT SOURCE OF 
@ WASTEWATER OTHER THAN 

SEWAGE TREATMENT PLANT 
OR FLOW RELIEF DEVICES 

KNOWN FLOW RELIEF DEVICES 

COMBINED SEWER OUTFALL 

> BYPAS 

B CROSSOVER 

4 FORTABLE RELIEF PUMPING 
STATION 

RELIEF PUMUNG STATION 

The Sauk Creek watershed ir about 34 square miles in areal extent, or about 1 percent of the total area of the Region. The water qualiw in the watsmhed i s  affected 
by the various land uses as well as by the one ~rivate wastewater treaunent plant, two flow relief devicer, and two other point sources of wamwmr as shown. 

Soure: SEWRPC. 



Map 90 

SUITABILITY OF SOILS FOR RESIDENTIAL 
DEVELOPMENT WlTH PUBLIC SANITARY SEWER 

SERVICE IN THE SAUK CREEK WATERSHED 

LEGEND 

, 1 ,, 
Map 91 

., . , ,. ! .  . 
. ' ,. ,, 

SUITABILITY OF SOILS FOR SMALL LOT 
RESIDENTIAL DEVELOPMENT WITHOUT 

PUBLIC SANITARY SEWER SERVICE 
I N  THE SAUK CREEK WATERSHED 

& R E I S  COVEREO BY 
SOILS HAVIVINO SEVERE 
LIMITATIONS FOR 
RESIDENTIAL 
DEVELOPMENT WlTH 
PUBLIC SANITARY 
SEWER SERVICE 

Of particular irnportancz in comprehensiw water quality planning is the 
recognition of the limitations inherent in the roil resource bare. About 
17 percent of the area of the Sauk Creek watershed is covered with roilr 
which are poorly wited for residential development With public sanitary 
$ewer S ~ i c e  01, mom precisely, residential development of any kind. These 
%oils. Which include wet soils having a high water table or poor drainage, 
orgdnic soils which are poorly drained and provide poor foundation support. 
and soils which have a flood hazard, are BSPBC~~II~ prevalent in the riverine 
areas of the watershed. 

Soorm: U. S. Soil C o m r ~ l r i o n  Yrvice end SEWRPC. 

Particularly important to comprehensive water quality 
management planning are the soil suitability interpreta- 
tions for specified types of urban development. Based 
upon the interpretations of the soils properties about 
17 percent of the watershed area exhibits severe or very 
severe limitations for residential development with public 
sanitary sewer service, as shown on Map 90; almost the 
entire watershed, or about 95 percent, exhibits severe or 
very severe limitations for small lot (less than one acre 
in size) residential development without public sanitary 

:+ -@$ , 'T 1 -  , F:n.:;z] 1 ' 
Approximately 95 percent d the area of Ule Ssuk Creek watershed is 
covered by roilr poorly suited for residential development on 10s having 
an area smaller than one acre and not reNed by public sanitary sewerage 
fa~ilities. Reliance on aeptic tank sewage disposal rystemr In there areas, 
which are covered by relafiveiy impe~vious soils or are subject to seasonally 
high water table$, can only relvlt in eventual rnslfunctionlng of such systems 
and the mnsquenf intensification of water pollution and public health 
problems in me watershed. 

Source: U. S. Soil Conewarion Sewiceand SEWRPC. 

sewer service, as shown on Map 91; and about 32 percent 
of the watershed exhibits severe or verv severe limitations 
for large lot (one acre or larger in size) residential devel- 
opment without public sanitary sewer service, as shown 
on Map 92. 

hlunicipal and Private Sewage Treatment Facilities 
In 1975, pomons of two sanitary sewerage systems 
served a total area of about 1.5 square miles within the ,, 
watershed, or about 4 percent of the total area of the ( 

i .  



Map 92 Saniwry Seweragr System Flow Relief Points 
In 1975. there were two knouii m i t a n  sewer flow relief 

SUITABILITY OF SOILS FOR LARGE LOT 
RESIDENTIAL DEVELOPMENT WITHOUT 

PUBLIC SANITARY SEWER SERVICE 
IN THE SAUK CREEK WATERSHED 

LEGEND 

A~Pro~irnatelv 32 percent of the area of the Sauk Creak watershed is 
covered by roils pwrly  suited for residential development on lots having 
an area of one asre or mare and not served by public sanitary SBwsrsge 
facilities. The inherent limitatlonr of these soils for repric tank rewage 
dirporal ryrtemr cannot be avermme simply by the ~rovirian d larger lotr. 
and the USB of N C ~  SyRBmf on them ooilr. which cannot absorb the rewage 
efflu~nt, ultimafely results in surface ponding and runoff of partially treated 
wastes into nearby watercourses. 

Source: U. S. Soil Conservation Service and SEWRPC 

watershed, and a total population of about 6,310 persons, 
or approximately 86 percent of the total resident popula- 
tion of the watershed. No municipal sewage treatment 
facilities are located within the Sauk Creek watershed. 
There is one known private wastewater treatment facility 
operating in the Sauk Creek watershed, which serves the 
Cedar Valley Cheese Factory. Selected data on this 
privately operated wastewater treatment facility are 
presented in Table 125, and the plant location is shown 
on Map 89. 

- - 

devices in the watershed, as listed in Table 126 and 
shown on Map 89. Both of these flow relief devlces were 
san~tary sewerage system bypasses that discharge directly 
to Sauk Creek. 

Other Known Point Sources 
A total of two other known point sources of pollution 
were identified in the watershed in 1975. These other 
point sources consisted primarily of two outfalls through 
which industrial cooling, process, and storm water runoff 
were discharged directly or indirectly to the surface water 
system. One of these was identified as discharging only 
cooling water. The remaining outfall discharges other 
types of wastewaters. Industrial wastewater enters Sauk 
Creek and its major tributaries directly through industrial 
waste outfalls or indirectly through drainage ditches and 
storm sewers. Table 127 summarizes by receiving stream 
and civil division the characteristics of these other point 
sources, and Map 89 shows their locations. One of these 
other point source outfalls discharges indirectly to the 
Sauk Creek main stem and one outfall discharges directly 
to a tributary of Sauk Creek. 

Privately Owned Onsite Sanitary \Paswwater Treatment 
in addition to being vrovided through the centralized 
sanitary sewerage se&e within the watershed, sanitary 
wastewater treatment and disposal is provided through 
approximately 317 privately owned onsite sewage dis- 
posal systems, consisting of 305 septic tanks and 12  hold- 
ing tanks. These systems serve a total resident population 
of about 1,070 persons, or 14 percent of the total resi- 
dent population of the watershed. Of this total, about 
100 persons, or 9 percent, resided in concentrated areas 
of urhan development having at least 32 housing units 
in a U. S. Public Land Survey quarter section. These 
scattered quarter sections of urban land use concen- 
tration totaled about 0.25 square mile of urban land use, 
or about 1 percent of the total area of the watershed. 

Urban Storm Water Management Systems 
'As noted in Table 124, land cover categories associated 
with urhan land uses as of 1975 comprised about 
1,300 acres, or about 6 percent of the Sauk Creek water- 
shed. The most important urban land cover category was 
residential land with about 3 percent. 

There was one known urban storm water drainage system 
providing service to the subareas of the Sauk Creek 
watershed within the Region in 1975. This is the system 
operated by the City of Port Washington. The portion 
of the system that Lies within the Sauk Creek watershed 
has a tributary drainage area of about 1.4 square miles, 
or about 4 percent of the total area of the watershed. 
Included within this storm water drainage area of the 
watershed are a total of 14 known storm water outfalls 
ranging in size from 12  to 72 inches in diameter, of which 
seven outfalls discharge to Sauk Creek and seven dis- 
charge to  tributaries of Sauk Creek. There were no 
known storm water pumping facilities or storm water 
storage facilities in the watershed. The total annual 



Table 125 

SELECTED CHARACTERISTICS OF PRIVATELY OWNED WASTEWATER 
TREATMENT FACILITIES I N  THE SAUK CREEK WATERSHED: 1975 

NOTE: N/A indicates data not available. 

a Unless specifically noted otherwise, data were obtained, in order of priority, from: quarterly reports filed with the Wisconsin Department o f  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. In some cases when 12 months of flow data were not reported, the average annual and maximum monthly hydraulic 
discharge rates were estimated from the available monthly discharge data or from the flow data as reported in the permit. 

Reported Maximum 
Monthly Hydraulic 

Discharge Rate 
(gallons per day) 

25,000 

Source: Wisconsin Department of Natural Resources and SEWRPC. 

Name 

Cedar Valley 
Cheese Factory 

Table 126 

KNOWN SANITARY SEWERAGE SYSTEM FLOW RELIEF DEVICES IN THE 
SAUK CREEK WATERSHED BY RECEIVING STREAM AND CIVIL DIVISION: 1975 

Average 
Hydraulic 

Design Capacity 
(gallons per day) 

N / A  

Type of 
Treatment 
Provided 

Lagoon, Ridge 
and Furrow, 
and Spray 
Irrigation 

Type of 
Wastewater 

Process and 
Cooling 

Civil 
Division 
Location 

Town of 
Fredonia 

Source: SEWRPC. 

Disposal of 
Effluent 

Soil 
Absorption 

Type of 
Land Use 
Sewed 

Industrial 

Receiving 
Stream 

Sauk Creek. . . . 

Total 

Table 127 

CHARACTERISTICS OF OTHER KNOWN POINT SOURCES OF WATER POLLUTION I N  THE SAUK CREEK WATERSHED: 1975 

Reported Average 
Annual Hydraulic 
Discharge f3atea 
(gallons per day) 

N / A  

Civil 
Division 

City of 
Port Washington 

NOTE: N/A indicates data not available. 

a Unless specifically noted otherwise, data were obtained, in order o f  priority, from: quarterly reports filed with the Wisconsin Department o f  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. In some cases when 12 months o f  flow data were not reported, the average annual and maximum monthly hydraulic 
discharge rates were estimated from the available monthly discharge data or from the flow data as reported in the permit. 

Combined 
Sewer 

Outfalls 

0 

0 

Reported Maximum 
Monthly Hydraulic 

Discharge Rate 
(gallons per day)a 

1 25.000 

26,500 

Name 

OZAUKEE COUNTY 
Allis Chalmers, Inc. 

Simplicity 
Manufacturing 
Company 

Murphy Oil 
Corporation 

Source: Wisconsin Department of Natural Resources and SEWRPC. 

Total 

2 

2 

Other Flow Relief Devices 

Standard 
Industrial 

Classification 
Code 

3524 

5171 

Known 
Treatment 

None 

Oil 
Separator 

Crossovers 

0 

0 

Civil 
Division 
Location 

City of 
Port Washington 

City of 
Port Washington 

Relief 
Pumping 
Stations 

0 

0 

Bypasses 

2 

2 

Type of 
Wastewater 

Cooling 

Storm Water 
Runoff 

Portable 
Pumping 
Stations 

0 

0 

Reported Average 
Annual Hydraulic 

Discharge Rate 
(gallons per dayla 

47.000 

76,500 

Outfall 
Number 

4 

1 

Receiving 
Water Body 

Sauk Creek 
via Storm Sewer 

Tributary of 
Sauk Creek 



Table 128 

SUMMARY OF ESTIMATED AVERAGE ANNUAL POLLUTANT LOADINGS IN THE SAUK CREEK WATERSHED: 1975 

Urban Potnt Sources 
Mun8ctpaI Sewage Treatment Planfr 

P r ~ w t e  Sewage Treatment Plants 

Comb~ned Sewer Overflow . . . 

~ W d b  

Average Year 

lndurlr lal  Dlicharger . . . 

Santtarv Sewer F low R e m f  Devlcer 

~ o s d ~  

Average Year 

0 Total N~frogen 
0 Total Phoiphorur 
0 Biochemlcel Oxygen Demand 
0 Fecal Coilform 
0 Sedlmeot 

Total Ertlmsted 

Source Exten? Parameter Loading Percent Source Extenta Parameter 

0 Total Nlfragen 
0 Total Pho iphor~s  
0 88rwhemlcai Oxygen Demand 
0 Fecal Cal#form 
0 Sedlmenl 

Fecal Co l fo rm 
Sedlmenf 

2 Total Nitrogen 

2 Total P h o i p h o r ~ r  
2 B,ochem,cal oxygen Demand 
2 Fecal Cal i form 
2 Sedlment 

2 Total Nltrogen 
2 Total P h o r ~ h o r u i  
2 81ochem,cai oxygen Demand 
2 Fecal Col l form 
2 sed,ment 

Urban Point Source Tolalr  Total Nlfrogen 
Total Phor~horu r  
B~ochem~ca i  Oxygen Demand 
Fecal Cal l form 

Urban D f l u r e  Sources 
Rerldenual 597 Total N,trogen 

597 Total Phoiphorur 
597 B#ochem#caI Oxygen Demand 
597 Fecal Co l~ fo rm 
597 sed\ment 

218 Total Nitrogen 
218 Total P h o r ~ h o r u i  
218 B # a h ~ m # c s l  Oxygen Demand 
218 Fecal C a l ~ f o i m  
218 Sediment 

140 Total Nlirogen 
140 Total Pholphorui 
140 Btochemlcal Oxypen Demand 
140 Fpcal Ca l~ fo rm 
140 Sedlmenf 

0 Total Nitrogen 

0 Total Pharphorur 
0 61ochem#cal Oxygen Demand 
0 Fecal Colt form 
0 Sedtment 

175 Total Nitrogen 
175 Total Phorphorui 
175 Blochemlcal Oxygen Demand 
175 Fecal Collform 
175 Sedment 

72  Total Nitrogen 
72  Total Phosphorus 
72  B~ochem,cal Oxygen Demand 
72  Fecal Collform 
72  Sedlmenf 

55 Total Nlfragen 
55 Total Pholphorur 
5 5  B~ochem~ca l  Oxygen Demand 
55 Fecsl Cabfarm 
55 Sedlmenf 

1069 Total Nitrogen 
1069 Total Phosphorus 
1069 B#ochem#cal Oxygen Demand 
1069 Fecal Co l~ fa rm 
1069 Sediment 

Urban Source Totalr  

Croplend. Pasture and Unused 
Rural Land . . . 

A,. pol lut ion to Surface Ware, 

Rural Drffure Source Totalr 

~ o f a i  Nitrogen 16.540.0 
Total Phorohorur 4.660.0 

Fecal Colt form 1.404.912.0 

Totai Nitrogen 
TofaiPho~phhorur 4.720 0 

Fecal Col#farm 1.514.912 0 
Sedment 7.075.0 

19287 Total N~ t rosen  
19287 Total Phorphor~r  
19287 B~ochem~ca l  Oxygen Demand 
19267 Fecal Col l form 
19287 Sediment 

969 Total Nitrogen 
969 Total Phosphorus 
959 ~ ~ o c h e m a a l  Oxygen Demand 
969 Fecal Colt form 
969 Sediment 

18  Total Nllrogen 
18  Tola! Phosphorus 
18  ~ ~ o c h e m i c a i  Oxvgen Demand 
18 ~ e c a l  C o l ~ l a r m  
16 Sedtment 

Total Nitrogen 
Total Phoghoru l  
Biochemical oxygen Demand 
Fecal Ca l~ fa rm 
Sedlmenf 1 

O ~ f f u r e  Source Toralr 

59.779.307.4 

Total Sources 

a urban point rwrcer are expremd in number of plans, other faciiiries, and points of rewage flow relief; urban diffuse 
sources are expressed in number of acres except septic rysremr which are expmsedin the number ofperronr rerW;and 
rural diffuse sources are exprewd in acres except livertack operations which are expressed in quivslenc animal unin. 

h a d s  prerented in pounds per year, except for fecal coiiform orerented in covnn x 10' per year. and aedimenr pre 
rented in tons per year. 

Source: SEWRPC. 

The most important rural land cover categories were 
row crops with 37 percent, hay with 28 percent, other 
open space with 5 percent, and small grains with 12 per- 
cent of the watershed. As of May 1975, there were an 
estimated 110 domestic livestock operations-operations 
of 25 or more equivalent animal units-having a total 
of 9,120 equivalent animal units within the water- 
shed. Of the 110 operations, 23, or 21 percent, were 
located within 500 feet of the surface water system 
of the watershed. 

average discharge from these outlets is estimated to be Pollution Loadings 
about 59 million gallons per year occurring on the A summary of the estimated average annual pollution 
average in 41 events. loadings in the Sauk Creek watershed is presented in 

Table 128 and depicted in Figure 42. Urban sources of 
Rural Storm Water Runoff pollution are estimated to contribute 4 percent of the 
About 20,800 acres, or 94 percent of the total area of nitrogen, 7 percent of the phosphorus, 11 percent of the 
the watershed, are devoted to  rural land use activities. biochemical oxygen demand, 3 percent of the fecal 



Figure 42 

SUMMARY OF ESTIMATED AVERAGE ANNUAL POLLUTANT LOADINGS IN THE SAUK CREEK WATERSHED: 1975 



coliform, and 13 percent of the sediment which occur 
as water pollutants in the Sauk Creek watershed. Of 
the urban contribution, the point sources of pollution, 
which include two flow relief devices and one industrial 
discharge, contribute 2 percent of the nitrogen, 1 percent 
of the phosphorus, 1 percent of the biochemical oxygen 
demand, 7 percent of the fecal coliform, and virtually 
none of the sediment. Diffuse sourcesincluding the 
estimated septic tank and construction-related con- 
tributions in the drainage area-account for the remaining 
98 percent of the nitrogen, 99 percent of the phosphorus 
and biochemical oxygen demand, 93 percent of the fecal 
coliform, and nearly all of the sediment contributed 
from urban sources. 

Of the total pollutant loads, rural pollution sources are 
estimated to  contribute the remaining 96 percent of the 
nitrogen, 93 percent of the phosphorus, 89 percent of the 
biochemical oxygen demand, 97 percent of the fecal 
coliform, and 87 percent of the sediment which occur as 
water pollutants in the watershed. Of the rural pollution 
sources, none are point sources, since none of the live- 
stock operations in the watershed are of sufficient size 
to fall within the definition used in this report. Other 
livestock feeding operations-inclusive of the disposal 
of manure on croplands--are estimated to  contribute 
52 percent of the nitrogen, 89 percent of the phosphorus, 
78 percent of the biochemical oxygen demand, all of 
the fecal coliform, and 7 percent of the sediment from 
rural sources. The remainder of the estimated rural 
pollution load, or 48 percent of the nitrogen, 11 per- 
cent of the phosphorus, 22 percent of the biochemical 
oxygen demand, and 93 percent of the sediment, are 
contributed by other rural diffuse sources, namely storm 
water runoff from rural land uses and atmospheric load- 
ings to surface waters. 

SHEBOYGAN RIVER WATERSHED 

The Sheboygan River watershed within southeastern 
Wisconsin is a natural surface water drainage unit with 
11.4 square miles of its total area located within the 
northern portion of the Region. The boundaries of the 
basin, together with the location of Belgium Creek, the 
only major perennial stream, are shown on Map 93, along 
with the locations of the known point sources of pollu- 
tion and the generalized land uses as of 1975. The main 
stem of Belgium Creek originates near the Village of 
Belgium and discharges outside the Region. About 
97 percent of the total area of the watershed is still in 
rural land uses, with about 90 percent of this rural area 
in agricultural use. Most of the agricultural-related land 
use is dispersed throughout the watershed. Table 129 sets 
forth the extent and proportion of the major land cover 
categories within the watershed as they relate to water 
quality conditions in 1975. 

The soils within the Sheboygan River watershed are 
generally silt loams. Most of the soils are relatively fertile 
and produce high crop yields if managed correctly. 
Sediment discharges from these soils may result in high 
nutrient levels in stream waters. 

Table 129 

AREAL EXTENT OF WATER QUALITY-RELATED LAND 
COVER IN THE SHEBOYGAN RIVER WATERSHED: 1975 

a These special land cover categories, defined primarily according to  their 
imperviousness and vegetative cover characteristics and effects on the 
quality of storm water runoff, were delineated at a scale of I" = 400' on 
aerial photographs taken in May 1975 and were measured to  the nearest 
full acre, using dot-counting overlays. The total acreages measured within 
hydrologic subbasins were then adjusted to the control totals measured by 
digitizer from base maps of hydrologic subbasins at  a scale o f  1"=2000'. 
Both the "square miies"and the 'percent"shown above were then com- 
puted and rounded to the nearest hundredth 10.011 o f  a percent. 

Land covera 

Urban 
Residential . . . . . . . . . . . . . . . .  

b 
Commercial . . . . . . . . . . . . . . .  
Industrial 

Manufacturing . . . . . . . . . . . . .  
Landfills and Dumps . . . . . . . . .  

Extractive. . . . . . . . . . . . . . . . .  
Transportation 

Streets and Highways. . . . . . . . .  
Airfields . . . . . . . . . . . . . . . .  
Railroad Yards and Terminals. . . .  

Recreation 
Golf Courses. . . . . . . . . . . . . .  
Parks and Other Recreation . . . . .  

Land Under Development 
FtesidentialC . . . . . . . . . . . . . .  
Commercial . . . . . . . . . . . . . .  
Industrial. . . . . . . . . . . . . . . .  
Transportation . . . . . . . . . . . .  
Recreation . . . . . . . . . . . . . . .  

- 
Rural 

Agricultural 
Small Grains. . . . . . . . . . . . . .  
Hay. . . . . . . . . . . . . . . . . . .  
Row Crops. . . . . . . . . . . . . . .  
Specialty Crops . . . . . . . . . . . .  
Sod Farm . . . . . . . . . . . . . . .  
Other Open Spaced. . . . . . . . . .  

Silvicultural 
Woodlands . . . . . . . . . . . . . . .  
Orchards and Nurseries. . . . . . . .  

Natural and Man-Made Water Areas- 
Subject t o  Atmospheric 
Pollutant Contributions 

Ponds, Lakes, and Streams. . . . . .  
Wetlands, Swamps, and Marshes. . .  

Total 

Includes: retail, communication, utilities, administrative, and institutional 
land uses. 

Based on 1975 total residential lands, adjusted by the 1970 ratio between 
residential lands and residential lands under development. 

Square 
Miles 

0.16 
0.03 

0.04 
- -  
- -  

0.14 

. - 

--  
0.01 

0.02 

- -  
.- 

1.61 
3.08 
4.60 
1.56 

- -  
0.32 

1.07 
- -  

0.06 
0.15 

1 2 . ~ 5 ~  

Includes: pasture, unused urban and rural lands. 

The total area of the Sheboygan River watershed represented in this table 
is different than the total area o f  the Sheboygan River watershed identified 
in the text and on Map 93. This is due to the fact that the area set forth on 
Map 93 includes only that portion of the Sheboygan River watershed lying 
within the civil boundaries that comprise the Southeastern Wisconsin 
Region. The area of the Sheboygan River watershed represented in this 
table represents an aggregation of subbasins, the boundaries of which do 
not always coincide with the civil boundaries of the Region. 

Acres 

100 
20 

25 
- -  

90 
- -  
- -  

6 

10 
- -  

1,030 
1,971 
2,942 

997 
- -  

202 

685 

40 
97 

8,215 

Source: U. S. Department of Agriculture, Soil Conservation Service and 
Agricultural Stabilization and Conservation Service; County Soil 
and Water Conservation Districts; University of Wisconsin-Extension 
Service; and SEWRPC. 

Percent 

1.21 
0.24 

0.31 
- -  

1.10 
- -  
- -  

-- 
0.08 

0.12 
- - 
. - 
--  
.- 

12.54 
24.00 
35.82 
12.13 

- -  
2.45 

8.34 
- -  

0.49 
1.18 

100.00 



Map 93 

THE LOCATION, BOUNDARIES. AND MAJOR 
STREAMS OF THE SHEBOYGAN RIVER WATERSHED- 

SHOWING POINT SOURCES OF POLLUTION 
AND GENERALIZED LAND USES: 1975 

NCNE SUBURBAN AND LOW PUBLIC SEWAOE TREATMENT 
DENSITY RESIDENTIAL * FAC~LITY 
1 0 2 -  2 2 DWELLING UNITS 
PER NET RESIDENTIAL t PRIVATE SEWAOE TREATMENT 
ACRE) FACILITY 

*ED .* C E h 5 T r  ? E E O E L -  . * h O A h  POhT SOLRCE OF 
T L -  2 3 - 6 ( J D n E . . F G  aaSTEALTER OTIlER T d h  
_ N  T ?  PER h E T  HL5.DEI.- SEALGE TREATLIEkT P-AP.7 
T -- -Ci.E I 0- F-OA REL EF D E I C E S  

hChE " G r  DEl,; T >  C E S t D E h T A -  AhOhN F.Od R E L E F  DE.  CES 
1-:- 7 9  DIE..lhC, . \  T S  
DER he7 RESIDENT L. LCPE . CoMeND SEAER O-TFLLL 

W E  PRIMhRI ENYIRONMENTbL 
CORRlOOR PRESERVATION 

0 BYPASS 

THROUGH PUBLIC &QUISITION rn CROSY,MR 

N C K  MAJOR RETAIL &NO SERYLCE 
CENTER 

WRTABLE RELIEF RlMPlNG 
S,.TION 

KIN MAJOR INDUSTRI&LCENTER RELIEF PUMPING STATION 

NONE PUBLIC AIRPORT 

NONE hlA40R PUBLIC OUTDOOR 
RECREATlON CENTER 

The Sheboygsn River watershed is about 11 square milea in areal extent, or 
about 0.5 percent o f  the total ares o f  the Region. The water quality i n  the 
watershed is affected by the various land us- as well ar by  the one public 
w$lsmfer treatment plant, one private wastewater treatment plant, one 
flow relief device, and one other point source of wastewater a shown. 

Source: SEWRPC. 

Particularly important to comprehensive water quality 
management planning are the soil suitability interpreta- 
tions for specified types of urban development. Based 
upon the interpretations of the soil properties, about 
26 percent of the watershed is covered by soils that have 
severe or very severe limitations for residential develop- 

Map 94 

SUITABILITY OF SOILS FOR RESIDENTIAL 
DEVELOPMENT WITH PUBLIC SANITARY SEWER 

SERVICE I N  THE SHEBOYGAN RIVER WATERSHED 

I , . I 

;,,, I . . . / I  . 1 ;/- LEGEND 

&REAS COVERED BY SOILS 
HAVING SEVERE OR V E R Y  
SEVERE LlMlTATlONS FOR 
RESIDENTIAL DEVELOPMENT 
W 1 I H  PUBLlC SANITARY 
SEWER SERVICE 

Of particular importance in comprehensive water qualiw planning is the 
recognition of the iimifationr inherent i n  the soil rerourm bare. About 
26 percent o f  the area o f  the Sheboygsn River wafershed is mvemd with 
roils which are poorly suited for residential development with public rsnitar l  
r e m r  m w i m  or. more precisely, residential development d any kind. There 
roilr, which include wet roils having a high wafer table or poor drainage, 
organic soils which are poorly drained and provide poor foundation support, 
and roils which have a flood hmsrd, are erpscislly prevalent in the riverine 
areas of the watershed. 

Source: U. S SOB Conservation Service and SEWRPC 

ment with public sanitary sewer service, as shown on 
Map 94; about 80 percent of the watershed is covered 
by soils that have severe or very severe limitations for 
small lot (less than one acre in size) residential develop- 
ment without public sanitary sewer, as shown on Map 95; 
and about 38 percent of the watershed is covered by soils 
that have severe or very severe limitations for large lot 
(one acre or larger in size) residential development, as 
shown on Map 96. 

hlunicipal and Private Sewage 'Treatment Facilities 
In 1975, a portion of one sanitary sewerage system 
served a total area of about 0.3 sauare mile within the 
watershed, or about 3 percent of ihe total area of the 
watershed, and a total population of about 900 persons, 
or approximately 78 percent of the total resident popula- 
tion of the watershed. 

One municipally owned sewage treatment plant is located 
in the Sheboygan River watershed. The plant, which 
serves the Village of Belgium, discharges treated effluents 
directly to a tributary of the Onion River. Selected infor- 
mation on this municipal sewage treatment plant is set 
forth in Table 130, and the plant location is shown on 
Map 93. There is one known private wastewater treat- 
ment facility operating in the Sheboygan River watershed, 
which serves the Krier Preserving Company. Selected data 



Map 95 Map 96 

SUITABILITY OF SOILS FOR SMALL LOT 
RESIDENTIAL DEVELOPMENT WITHOUT PUBLIC SANITARY 
SEWER SERVICE IN THE SHEBOYGAN RIVER WATERSHED 

LEGEND 

nREnS COVERED BY SOILS 
HAWNO SEVERE OR V E R Y  
BEYEFIE I IMIT4TlONS FOR 
RESlDENTiiiL DEVELOPMENT 
W I T H  SEPTIC TANK 
SEWAOE D1SP054L ON LOTS 
LESS THAN OMS &CRE 
IN S1ZE 

. , ,  . i . ]  . 8 

.: , . , I  - -7 :./;i .-., "," '" m~~"., II =,,& 

, . '  I.. \., z .,.-* 
. ~. : .u.~"2 ' .* ' " ~  , O ~ ,  

~ - 

Approximately 80 percent o f  the area of the Shsboygan River watershed is 
coverad by soilr poorly suited far residential development on lot$ having 
an arsa smaller than one acre and not sewed by public sanitary sewerage 
facilit ie~. Reliance on septic tank sewage dilporal systems in these areas, 
which are Covered by relatively impewious soilr or are subject t o  seasonally 
high water tables, can only rerult In eventual malfunctioning of such rynems 
and the consequent intensification of water pollution and public health 
problem8 in the wafershad. 

Source: (I. S Sod Conservation Srvice andSEWRPC. 

on this privately operated wastewater treatment facility 
are presented in Table 131, and the location of this 
facility is shown onMap 93. This facility has two outfalls. 
One outfall discharges to a tributary of the Onion River 
via a drainage ditch and the other utilizes a soil absorp- 
tion system. 

Sanitary Sewerage Sgstcm Flolv Rel~ef Yolnts 
In 1975. there was one known snnitarv sewer flow rrhef . - 

device in the watershed, as listed in Table 132 and shown 
on Map 93. This device was a sanitary sewerage system 
bypass that discharged directly to a tributary of the 
Onion River. 

Other Known Point Sources 
One other known point source of pollution, with one 
outfall, was identified in the watershed in 1975. This 
outfall discharged cooling water indirectly to the sur- 
face water svstem. Table 133 summarizes by receiving 
stream and &I division the characteristics of this other 
noint source. and Man 93 shows its location. This other 
point source outfall discharges wastes indirectly to the 
Onion River. 

SUITABILITY OF SOILS FOR LARGE LOT 
RESIDENTIAL DEVELOPMENT WITHOUT PUBLIC SANITARY 
SEWER SERVICE IN THE SHEBOYGAN RIVER WATERSHED 

i I , ..: I 
; , , ! I i i - I  

? .  LEGEND 

aREAS COVERED BY SOILS 
H4VING SEVERE OR V E R Y  

~ -~ ~ 

AC.CRE OE MORE IN SIZE 

Appro~imetely 38 percent of the area o f  the Sheboygan River watershed is 
covered by roils poorly suited for residential development on lots having 
an arsa of one acre or more and not served by public ~aoitary sewerage 
facilities. The inherent iimitatians of there roils for reptic tank sewage 
dispo~al systems cannot be overcome simply by the provision o f  larger lots, 
and the use of such systems on these soilr, which cannot absorb the aswage 
effluent, ultimately results in surface ponding and runoff of partially treated 
wesfel info nearby watercouner. 

Sauce: U. S Soil Conwst;on mmice and SEWRPC. 

Priwtely Owned Onsiw Sanitary \Vast?water 'I'reatmenr 
In addition to the centralized sanltarv scweraee wrvice -~ ~ ~ -.-- ~- ~~ -~ " 
within the watershed. sanitary wastewater treatment and 
disposal is provided through~approximately 71 privately 
owned onsite sewage disposal systems, all of which are 
septic tanks. These systems serve a total resident popula- 
tion of about 220 persons, or 22 percent of the total 
resident population of the watershed. There are no  con- 
centrated areas of urhan development having at  least 
32 housing units in a U. S. Public Land Sumey quarter 
section in the Sheboygan River watershed. 

Urban Storm Water Management Systems 
As noted in Table 129. land cover cateaories associated ~-~~~~ - 
with urban land uses as of 1975 comprised 251 acres, or 
about 3 percent of the Sheboygan River watershed. The 
most important urhan land cover category was residential 
land, comprising about 1 percent of the total area of 
the watershed. 

The only known urban storm water drainage system 
providing service to the subareas of the Sheboygan River 
watershed within the Region in 1975 was the system 



Table 130 

SELECTED CHARACTERISTICS OF MUNICIPAL SEWAGE TREATMENT PLANTS I N  THE SHEBOYGAN RIVER WATERSHED: 1975 

- - 

NOTE:  N / A  indicates data no t  ava,lable. 

Name 

Village of Belgium . . 

a The ~OPUlat ion design capacity for a given sewage treatment facility war obtained directly f rom engineering repons prepared by or for the local un i t  o f  government operating the facility and reflects 

assumPtions made b y  the design engineer. The population equivalent design capaoty was estimated by the Commission staff b y  dividing the design BOD loadtng in  pounds per day, as set for th in  the 

engineering reports, b y  an estimated Per cap~ ta  Contribution o f  0.21 pound o f  BOD per day. I f  the design engineer assumed a different daily per capita c$nfribution o f  BOD9 the population equiva- 
lent design capacity w l l  d i f fer  f rom the popularion design capacity shown in the table. 

Source: SEWRPC. 

Table 131 

Total 
Area 

Sewed 
(rquaremlles) 

0.36 

SELECTED CHARACTERISTICS OF PRIVATELY OWNED WASTEWATER 
TREATMENT FACILITIES I N  THE SHEBOYGAN RIVER WATERSHED: 1975 

Estimated 
Total 

Population 
Served 

ppp-pp 

9 W  

Date of 
Construction 

and Major 
Modification 

1949, 1970 

NOTE: N /A  indicates data not available. 

Existing Loading 

Name 

OZAUKEE COUNTY 
Krier Preserving 
Company 

a Unless specific all^ noted otherwise, data were obtained, in order o f  priority, from: quarterly reports filed with the Wisconsin Department o f  Natural Resources 
under the Wisconsin Pollutant Discharge Elimination System or under Section 101 o f  the Wisconsin Administrative Code or from the Wisconsin Pollutant Dis- 
charge Elimination System permit itself. In some cases when 12 months of flow data were not reported, the average annual and maximum monthly hydraulic 
discharge rates were estimated from the available monthly discharge data or from the flow data as reported in the permit. 

Type  
of 

Treatment 

Activated 
Sludge 

Dirlnfectlon 

Average 
Hydraulic 

Irngd) 

0.07 

Source: Wisconsin Department o f  Natural Resources and SEWRPC. 

Average 
Per 

Capita 

Igpd) 

78 

Table 132 

Level 
of 

Treatment 
Provided 

Secondav 

Auxiliary 

Reported Maximum 
Monthly Hydraulic 

Discharge Rate 
(gallons per dayla 

N / A  

1.1 00,000 

Civil 
Division 
Location 

Town of 
Belgium 

KNOWN SANITARY SEWERAGE SYSTEM FLOW RELIEF DEVICES I N  THE 
SHEBOYGAN RIVER WATERSHED BY RECEIVING STREAM AND CIVIL DIVISION: 1975 

Dcrparal 
of 

Effluent 

Tr ibutary of 
Onion River 

Type of 
b n d  Use 
Served 

Industrial 

Source: SEWRPC. 

298 

Receiving 
Stream 

Onion River. . . 
Total 

Design Capaclty 

Type of 
Wastewater 

Process 

Process 

~ o p u l a t i o n ~  

1.200 

Total 

1 

1 

Civil 
Division 

Village of Belgium 

Average 
Organic 

N I A  

Type of 
Treatment 
Provided 

Lagoon 

Lagoon 
and Spray 
Irrigation 

~ o p u l a t i o n ~  
Equivalent 

N I A  

Average 
Hydraulic 

(mgd) 

0.07 

Reported Average 
Annual Hydraulic 

Discharge Rate 
(gallons per day)a 

Intermittent 

550,000 

Disposal 
of Effluent 

Tributary of 
Onion River via 
Drainage Ditch 

Soil Absorption 

Combined 
Sewer 

Outf alls 

0 

0 

Peak 
Hydraulic 

(mgd) 

0 10 

Average 
Hydraulic 

Design Capacity 
(gallons per day) 

N / A  

N / A  

Other Flow Relief Devices 

Portable 
Pumping 
Stations 

0 

0 

Crossovers 

0 

0 

Bypasses 

1 

1 

Relief 
Pumping 
Stations 

0 

0 



Table 133 

CHARACTERISTICS OF OTHER KNOWN POINT SOURCES OF 
WATER POLLUTION I N  THE SHEBOYGAN RIVER WATERSHED: 1975 

NOTE:  N / A  indicates data not available. 

a Unless specifically noted otherwise, data were obtained, in order o f  priority, from: quarterly reports filed with the Wisconsin Department o f  Natural Resources under the 
Wisconsin Pollutant Discharge Elimination System or under Section 101 of the Wisconsin Administrative Code or from the Wisconsin Pollutant Discharge Elimination 
System permit itself. In some cases when 12 months of flow data were not reported, the average annual and maximum monthly hydraulic discharge rates were estimated 
from the available monthly discharge data or from the flow data as reported in the permit. 

Reported Maximum 
Monthly Hydraulic 

Discharge Rate 
(gallons per dayla 

30.000 

Source: Wisconsin Department o f  Natural Resources and SEWRPC. 

Reported Average 
Annual Hydraulic 

Discharge Rate 
(gallons per day)a 

29,600 

operated by the Village of Belgium. The drainage system 
lies totally within the Sheboygan River watershed and 
has a tributary drainage area of about 0.2 square mile, 
or about 2 percent of the total area of that portion of 
the watershed within the Region. Included within this 
drainage area are a total of two storm water outfalls, 
which are 15 and 24 ihches in diameter respectively, and 
both of which discharge to a tributary of the Onion 
River. There are no known storm water pumping or 
storage facilities in the watershed. The total average 
annual discharge from these two storm water drainage 
outfalls is estimated to be about four million gallons per 
year occurring on the average in seven events. 

Receiving 
Water 
Body 

Tributary of 
Onion River via 
Drainage Ditch 

Rural Storm Water Runoff 
About 8,000 acres, or 97 percent of the total area of 
the watershed, are devoted to rural land use activities. 

Outfall 
Number 

2 

Name 

SHEBOYGAN COUNTY 
Krier Preserving 

Company 

The most important rural land cover categories were 
row crops with 36 percent, hay with 23 percent, small 
grains with 13 percent, woodlands with 8 percent, 
and specialty crops with 12 percent of the watershed. 
As of May 1975, there were an estimated 22 domestic 
livestock operations-operations of 25 or more equivalent 
animal units-having a total of 1,500 equivalent animal 
units within the watershed. Of the 22 operations, 17, or 
77 percent, were located within 500 feet of the surface 
water system of the watershed. 

Standard 
Industrial 

Classification 
Code 

2033 

Pollution Loadings 
A summary of the estimated average annual pollution 
loadings in the Sheboygan River watershed is presented 
in Table 134 and depicted in Figure 43. Urban sources 
of pollution are estimated to contribute 5 percent of 
the nitrogen, 8 percent of the phosphorus, 14 percent 
of the biochemical oxygen demand, 3 percent of the 

Civil 
Division 
Location 

Town of 
Belgium 

fecal coliform, and 12 percent of the sediment which 
occur as water pollutants in the Sheboygan River water- 
shed. Of the urban contribution, point sources of pollu- 
tion are estimated to contribute 41 percent of the 
nitrogen, 18 percent of the phosphorus, 15 percent 
of the biochemical oxygen demand, almost none of 
the fecal coliform, and almost none of the sediment. 
Diffuse sources-including the estimated septic tank 
and construction-related contributions in the drainage 
areaaccount for the remaining 59 percent of the 
nitrogen, 82 percent of the phosphorus, 85 percent of 
the biochemical oxygen demand, almost all of the fecal 
coliform, and almost all of the sediment contributed 
from urban sources. 

Of the total pollutant loads, rural pollution sources are 
estimated to contribute the remaining 95 percent of the 
nitrogen, 92 percent of the phosphorus, 86 percent of 
the biochemical oxygen demand, 97 percent of the fecal 
coliform, and 88 percent of the sediment which occur as 
water pollutants in the watershed. Of the rural pollution 
sources, none are point sources, since none of the live- 
stock operations in the watershed are of sufficient size 
to fall within the definition used in this report. Other 

Type of 
Wastewater 

Cooling 

livestock feeding operations-inclusive of the disposal 
of manure on croplands--are estimated to contribute 

Known 
Treatment 

N /A 

30 percent of the nitrogen, 77 percent of the phosphorus, 
58 percent of the biochemical oxygen demand, nearly 
all of the fecal coliform, and 3 percent of the sediment 
from rural sources. The remainder of the estimated rural 
pollution load, or 70 percent of the nitrogen, 23 percent 
of the phosphorus, 42 percent of the biochemical oxygen 
demand, almost none of the fecal coliform, and 97 per- 
cent of the sediment, are contributed by other rural 
diffuse sources, namely storm water runoff from rural 
land uses and atmospheric loadings to surface waters. 



Table 134 

SUMMARY OF ESTIMATED AVERAGE ANNUAL POLLUTANT LOADINGS IN THE SHEBOYGAN RIVER WATERSHED: 1975 

~ o a d ~  

Avivrrage Year ~verage Year 

Total Ertlma'ed 

Source Psramerer 

urban o,f fure Source Talalr  Total ~ l t r a g e n  
Total Phosphorus 

Fecal Co l~ fo rm 314616.0 
Sediment 

Source Parameter Loading 

urban Potnr Sources 
M u n \ c t ~ a l  Sewage Treatment Plants . . Total Nitrogen 3.280 0 

210.0 
B#ochem#cal Oxygen Demand 6.390 0 
Fecal Col l form 

5 0  I Urban Source Torals Tofa1 Nlfrogen 

B,ochem<cal Oxygen Demand 
Fecal Cal8form 314.7160 

Pr#vateSewaleTrestmenf Plants . . . Total Nllrogen 
Total Pharphorur 
B#ahemica l  Oxygen Demand 

Combined Sewer Overflow . . 0 Total Nitrogen 
0 Total Phorphorui 
0 Bochemlcal oxygen Demand 
0 Fecsi Coil form 
0 Sedlmenr 

1500 Total Nitrogen 42.800 0 
1500 Tatal Phosphorus 9.900 0 
1500 B#achem#cal Oxygen Demand 166.800.0 
1500 Fecal Colmfarm 9.6W.W0.0 
1500 Sedtment 525.0 

lndurrrtal D~rcharger . 

Santary Sewer  low Rellei ~ e v l c e r  

1 Total Nitrogen 
1 Total Phowhorur 
1 Boshemlcal oxygen Demand 
1 Fecal Co18form 
1 Sedmmenf 

Cropland. parture. and Unused 
Rural Land . . . . . 7142 Tala1 Nitrogen 98.540.0 

7142 Tolal Pharphorur 2.890.0 
7142 Bmochemtcal Oxygen Demand 112.4W.O 
7142 Fecal Colrfarm 
7142 Sedmment 1 1 18.51;:: 1 Total Nitrogen 

1 Total Phorphoru. 
1 88ahem~caI  Oxygen Oemand 
1 Fecal CoI8torm 
1 Sediment 

Urban Palnt Source Toralr  1 T0l.i Nlfrogen 
Total Phorphorvr 
8lochem#cal OxVgen Oemand 
F ~ c a i  Cal l form 
Sedmenf 

~ol iutmon to Surface ware, 40 Tofai Nitrogen 3600 
40 Total Phorphorur 20.0 
40 ~ Biochem#cal Oxygen Demand ~ 6,480.0 
40 Fecal Col8farm 0.0 
40 Sedmmenl 15 0 

Urban D# l fu re  Sources 
Reildenfial . Total N l t r o g ~ n  

Total Phor~horus  
B!oshem,cal oxygen Demand 
Fecal Co1,farm 
Srdment  

1 Rural Dlf fure Source Totals Total Nlfrogen 143.080.0 94.7 
Total P h o r ~ h a r v r  12.910.0 918  
88ochem~cal Oxygen Demand 288.890 0 1 zs8form 1 9 6  1 1: 1 

Total Nlrrogen 
Total Phorphorul 
Blochemlcal OIygen Demand 
Fecal Collform 

sedNment  1 D t l f v re  Source Totals Total Nitrogen 
Total Phosphorus 
Btmhemlcal Oxygen Demand 327.3400 
Fecal Colt form 9.919.137.0 100.0 
Sedlmenf 21.845.0 100.0 

Totai Sources Total Nltrogon 151.120.0 1WO 
Toral Pharpharur 14.060.0 100 0 
Biochemical Oxygen Demand 334.180.0 100.0 
Fecal Col8foim 9.919.2370 100.0 
sediment 21,asoa 7oo.o 

Tala1 Nitrogen 
Toral Phosohorur 
8lochemlc.l oxygen Demand 
Fecal Col!form 

Total Nitrogen 
Total Phorphorur 
Blochemica Oxygen Demand 
Fecal Collform 

a ~ l b a n  point sou- am expressed in number of plane, other faciiitiier. and poinfa of s e w  flow relief; urban diffuse 
sources are expressed in number of acres except septic rvrrem which are expreuedin the number ofpersonr servsd;and 
rural diffuse r o u m  are expmsed in acres except iivertock o~erationr which are expressed in spuivalenf animal units. 

Total Nltragen 
Tola1 P h a l ~ h o r v r  
Blochemlcal oxygen Demand 
Fecal Collform 

lsed<ment 1 ~ o a h  presented in pounds per year, except for fecal coiiform presented in coune x lo8 per year, snd sediment pre- 
rented in rOnS per yea,. 

Total Nitrogen 

Total Phorpharur 
Biochemical oxygen Demand 
Fecal Col l form 
Sedmmenf 

Total Nltrogen 
Total Phopharur 
Blochemlcal OxYge" Demand 
Fecal Coliform 
Sedlmenf 

Total Nnrogen 
Total PhO%ph~,". 
Blochemlcai Oxygen Demand 
Fecal Co1,form 
Sedlmeni 



Figure 43 

SUMMARY OF ESTIMATED AVERAGE ANNUAL POLLUTANT LOADINGS IN THE SHEBOYGAN RIVER WATERSHED: 1975 
NlTROOEN PHOSPHOROUS 

Source: SEWRPC. 

SEDIMENT 



SUMMARY Table 135 

The quantitative evaluation of water pollution and of the 
potential for its abatement and control under alternative 
measures requires data on the locations, types, amounts, 
and characteristics of pollutants contributed by various 
sources. Accordingly, the Commission undertook in 1975 
an inventory, by watershed, of the known sources of 
water pollution within the sevencounty planning region. 
The inventory addressed as urban pollution sources: 
municipal wastewater treatment plant outfalls; sanitary 
sewerage system flow relief devices; combined sewer out- 
falls; private wastewater treatment plant outfalls; other 
point sources including industrial wastewater outfalls; 
privately owned, onsite sewage disposal systems; and 
storm water runoff from residential, commercial, indus- 
trial, extractive, transportation, recreation, and construc- 
tion lands. The inventory addressed as rural pollution 
sources: domestic livestock operations; storm water 
runoff from croplands, pasture lands, and unused rural 
lands; storm water runoff from woodlands; and direct 
atmospheric fallout to surface waters. 

Five pollutants were selected for use in the analyses of 
the kind and amount of pollutants contributed to the 
surface waters of the Region by the 11 categories of 
pollution sources. These five pollutants have been his- 
torically identified and studied both as important pollu- 
tants in themselves and as principal indicators of the 
presence of other polluting substances. The five specific 
pollutants utilized were total nitrogen, total phosphorus, 
five-day biochemical oxygen demand, sediment, and 
fecal coliform. 

The boundaries of the 11 major inland watersheds within 
the Region and the locations and configuration of the 
main drainage channels of these watersheds are shown 
on Map 2 in Chapter I of this report, together with the 
generalized land use pattern in each watershed as of 
1975. A twelfth major watershed within the Region is 
the drainage area directly tributary to Lake Michigan. 
This twelfth watershed has an area of about 105 square 
miles, or 4 percent of the total area of the Region. Of 
the 11 inland watersheds, 8, having a combined area of 
about 912 square miles, or about 34 percent of the total 
area of the Region, ultimately drain to Lake Michigan, 
and the remaining 3 watersheds, having a combined area 
of about 1,680 square miles, or about 62 percent of the 
total area of the Region, drain to the Mississippi River via 
the Fox, Illinois, and Rock Rivers. About 250 square 
miles, or 38 percent of the 683-square-mile Milwaukee 
River watershed, lie outside of the Region in Dodge, 
Fond du Lac, and Sheboygan Counties but drain to 
Lake Michigan through the Region. 

In 1975 about 18  percent of the total area of the Region 
was in urban land uses. Most of the urban land uses are 
concentrated in the southeastern portion of the Region in 
the Kenosha, Milwaukee, and Racine urbanized areas, so 
that the proportion of the area of each watershed in 
urban use ranges from a high of about 87 percent in the 
Kinnickinnic River watershed to a low of about 3 percent 
in the Sheboygan River watershed. Table 135 sets forth 

AREAL EXTENT OF WATER QUALITY-RELATED 
LAND COVER IN THE REGION: 1975 

a These special land cover categories, defined primarily according to  their 
impervious and vegetative characteristics and effects on the quality o f  
storm water runoff, were delineated at  a scale of 1" = 400' on aerial 
photographs taken in May 1975 and then measured to  the nearest full 
acre using areal determination grids. The total acreages measured within 
each county were then adjusted to  the preliminary control totals measured 
by the digitizer from base maps of hydrologic subbasins at a scale o f  
I"= 2000'. Both the 'square milesr'and the 'percent"sho wn above 
were then computed and rounded off to  the nearest hundredth (0.011. 
All lands under development categories are combined with their respec- 
tive category rather than being shown separately. The final control number 
for the areal extent of the Region is represented by summing each of the 
watersheds within the Region and totals 2,689 square miles. 

Land covera 

Urban 
. . . . . . . . . . . . . . .  Residential 
b . . . . . . . . . . . . . .  Commercial 

Industrial 
Manufacturing . . . . . . . . . . . .  
Landfills and Dumps . . . . . . . .  

. . . . . . . . . . . . . . . .  Extractive 
Transportation 

. . . . . . .  Streets and Highways. 
. . . . . . . . . . . . . . .  Airfields 

Railroad Yards and Terminals. . .  
Recreation 

. . . . . . . . . . . .  Golf Courses. 
. . . .  Parks and Other Recreation 

Land Under Development 
. . . . . . . . . . . . .  i3esidentialC 

Commercial . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  Industrial. 

Transportation . . . . . . . . . . .  
Recreation . . . . . . . . . . . . . .  

Rural 
Agricultural 

. . . . . . . . . . . .  Small Grains. 
. . . . . . . . . . . . . . . . .  Hay. 

. . . . . . . . . . . . .  Row Crops. 
. . . . . . . . . . .  Specialty Crops 

Sod Farm . . . . . . . . . . . . . .  
d . . . . . . . . .  Other Open Space 

Silvicultural 
. . . . . . . . . . . . .  Woodlands. 

Orchards and Nurseries. . . . . . .  
Natural and Man-Made Water Areas- 

Subject t o  Atmospheric 
Pollutant Contributions 

. . . .  Ponds, Lakes, and Streams. 
Wetlands, Swamps, and Marshes. . 

Total 

Includes: retail, communication, utilities, administrative, and institutional 
land uses. 

Based on 1975 total residential lands, adjusted by the 1970 ratio between 
residential lands and residential lands under development. 

Square 
Miles 

285.91 
48.81 

29.07 
2.75 

12.62 

22.24 
6.41 
2.46 

19.37 
32.88 

26.65 
0.32 
1.68 
1.47 
0.25 

95.70 
279.32 
898.56 
48.02 

9.27 
329.70 

220.26 
7.08 

101.50 
206.33 

2,688.63 

Includes: pasture, unused urban and rural lands. 

Source: U. S. Department o f  Agriculture, Soil Conservation Service and 
Agricultural Stabilization and Conservation Service; County Soil 
and Water Conservation Districts; University o f  Msconsin Extention 
Service; and SEWRPC. 

Acres 

172,239 
31,190 

18,607 
1,760 
8,080 

14,240 
4,102 
1,575 

12,395 
21,040 

27,797 
250 

1,070 
937 
162 

61,250 
178,766 
575,081 
30,733 
5,934 

21 1,008 

140,967 
4,530 

64,963 
132,049 

1,720,725 

Percent 

10.01 
1.81 

1.08 
0.10 
0.47 

0.83 
0.24 
0.09 

0.72 
1.22 

1.62 
0.01 
0.06 
0.05 
0.01 

3.56 
10.39 
33.42 

1.79 
0.35 

12.26 

8.19 
0.26 

3.78 
7.68 

100.00 



the extent and proportion of the major land use and 
cover categories within the Region as of 1975. Residen- 
tial uses comprise the major proportion of the urban uses, 
totaling about 63 percent of all such uses. Agricultural 
uses comprise the major proportion of the rural uses, 
totaling about 85 percent of all such uses. 

Most of the soils of the Region are relatively fertile and 
produce high crop yields if properly managed. Sediment 
discharges from the soils may, however, result in high 
nutrient levels in receiving streams and lake waters. Based 
upon analyses of detailed operational soil survey maps 
and attendant interpretations of soil suitability for 
various rural and urban land uses, about 716 square miles, 
or about 27 percent of the Region, are covered by soils 
that have severe or very severe limitations for residential 
development with public sanitary sewerage service, as 
shown on Map 21 in Chapter 111. About 1,637 square 
miles, or about 61 percent of the Region, are covered 
by soils having severe limitations or small lot (less than 
one acre in size) residential development without public 
sanitary sewer service as shown on Map 22 in Chapter 111. 
About 1,181 square miles, or about 44 percent of the 
Region, are covered by soils that have severe or very 
severe limitations for large lot (one acre or more in 
size) residential development without public sanitary 
sewers, as shown on Map 23 in Chapter 111. 

Municipal and Private Sewage Treatment Facilities 
In 1975 a total of 95 public sanitary sewerage systems 
served a combined area of about 353 square miles, or 
about 1 3  percent of the total area of the Region, and 
a total resident population of about 1,544,000 persons, 
or approximately 86 percent of the total resident popula- 
tion of the Region. Of this, all or parts of 41 public . 

sanitary sewerage systems were drained to sewage treat- 
ment plants within the area of direct drainage to Lake 
Michigan and served an area of about 263 square miles, 
or about 75 percent of the areas served by centralized 
sanitary sewers in the Region, and a total resident popula- 
tion of about 1,267,900 persons, or about 82 percent of 
the total served. All or parts of 55 sanitary sewerage 
systems, serving a total of about 90 square miles and 
a resident population of 276,100 persons, were tributary 
to sewage treatment plants which discharged to perennial 
inland lakes and streams. Of these systems tributary to 
the inland portion of the Region, all or parts of 19 public 
sanitary sewerage systems, serving a combined area of 
about 31 square miles and a total resident population 
of about 103,400 persons, were within or tributary to 
the Great Lakes drainage basin; and 36 systems or parts 
of systems, serving a combined area of about 59 square 
miles and a total resident population of about 172,700 
persons, were associated with the drainage area tributary 
to the Mississippi River. 

Of the 353-square-mile area served by sanitary sewers, 
about 26.7 square miles, or about 8 percent, were served 
by combined sanitary-storm sewers. An estimated total 
of about 365,200 persons, or about 20 percent of the 
total resident population of the Region, resided in this 
combined sewer service area. About 4.7 square miles 

of the combined sewer service area, with a resident popu- 
lation of about 56,800 persons, were located within areas 
directly tributary to Lake Michigan. The remaining 
combined sewer service areas were located in inland 
watersheds drained by perennial streams which dis- 
charged to Lake Michigan. Thus, the combined sewer 
service areas, located in the older portions of the Cities 
of Kenosha, Milwaukee, and Racine and the Village of 
Shorewood, were all located in the Great Lakes Drainage 
Basin, and no combined sewer systems were found to 
exist in the Mississippi River drainage basin portion of 
the Region. Selected data for these combined sewer 
service areas are found in Table 136. 

Table 136 

SUMMARY O F  COMBINED SEWER SERVICE A R E A  

a Negligible. 

Watershed 

Kinnickinnic River. . 
Menornonee River. . 
Milwaukee River. . . 
Pike Creek . . . . . . . 
Root River. . . . . . . 

Subtotal 

Direct Drainage to 
Lake Michigan 

Total 

This area includes approximately 22.4 square miles in the City 
of Milwaukee and the Village of Shorewood. This areal extent 
is less than the 27  square miles indicated for the combined sewer 
service area in SEWRPC Planning Report No. 13, A Compre- 

Area 
Served 

(square miles) 

3.9 
8.4 
8.8 
- - a 

0.9 

22.0 

4.7 

26.7b 

- .  

hensive Plan for the Milwaukee River Watershed. and SEWRPC 

Resident 
Population 

Served 

56,000 
68,500 

1 75,800 
- - a 

8,100 

308,400 

56,800 
9 

365,200 

Planning Report No. 16, A Regional Sanitary Sewerage System 
Plan for Southeastern Wisconsin. The 22.4-sauare-mile size of the - -.-- ~ - - ~  -~ ~ 

combined sewer service area was reported in the Milwaukee 
Metrooolitan Seweraae District Re~ort .  Technical Analvsis of " . . 
Conveyance-Storage- Treatment Concept: A Working Document, 
Combined Sewer Overflow Pollution Abatement, Julv 1976. This . . 
reduced size takes into account a reduction in the industrial 
parks, freeways, parks, and other areas which have had separate 
sewers installed and are located within the outer limits of the 
combined sewer service area, thus creating small areas of separate 
sewers within the combined sewer service area. 

Source: SEWRPC. 



Table 137 

SUMMARY OF MUNICIPAL AND PRIVATE SEWAGE TREATMENT PLANT DISCHARGES IN  THE REGION: 1975 

a In addition to the Region total, there are four public sanitary sewerage systems and one private treatment facility in that portion of the 
Milwaukee River watershed that lies outside of the Region. 

The total for the Region is 95, but the City of Muskego is counted twice because it  operates two treatment facilities; one of which dis- 
charges to the Great Lakes drainage basin (Root River watershed) and one of which discharges to the Mississippi River drainage basin (Fox 
River watershed). 

Total 
Number of 
Treatment 
Facilities 

13 
37 
23 

73 

0 
3 
15 

0 
0 
0 
0 
4 
16 
1 
2 

41 

14 

128 

Hydrologic Unit 

. . . . . . . . . . . .  Des Plaines River Watershed 
Fox River Watershed . . . . . . . . . . . . . . . . .  
Rock River Watershed . . . . . . . . . . . . . . . .  

Mississippi River Drainage Basin Subtotal 

Source: SEWRPC. 

As of 1975 there were 61 municipally owned sewage 
treatment plants in operation in the Region. Eight of 
these plants were located in the area of direct drainage 
to Lake Michigan. The remaining 53 were located in the 
inland areas of the Region. Of those in the inland areas, 
20 were tributary to perennial streams of the Great Lakes 
drainage basin, and the remaining 33 were tributary to 
the Mississippi River drainage basin. In addition to the 
61 publicly owned sewage treatment facilities, 67 private 
wastewater treatment facilities were found to exist in 
the Region. Six of these plants were located in the area 
of direct drainage to Lake Michigan. The remaining 
61 were located in the inland areas of the Region. Of 
those in the inland areas, 21 were tributary to the peren- 

nial streams of the Great Lakes drainage basin, and the 
remaining 40 were tributary to the Mississippi River 
drainage basin. Selected data for the 128 municipal and 
private sewage treatment plants located in the Region are 
set forth in Table 137. The locations and service areas of 
the municipal sewage treatment plants along with the 
locations of the private sewage treatment facilities are 
set forth on Map 8 in Chapter I11 of this report. 

Combined and Sanitary Sewerage 
Svstem Flow Relief Points 

Number of 
- Municipal 

Treatment 
Facilities 

5 
16 
12 

33 

Number of 
Tributary 
Municipal 
Sanitary 
Sewerage 
Systems 

5 
19 
12 

36 ------ 

Tributary Municipal Sewage 

In 1975 there were 619 known sanitary and combined 
sewer flow relief devices in the Region as listed in 
Table 138. Of this total, 126 were combined sewer out- 

Number of 
Private 

Treatment 
Facilities 

8 
21 
1 1  

40 

0 
3 
9 

0 
0 
0 
0 
2 
5 
0 
1 

20 

8 

6 1 

0 
2 
9 

0 
0 
0 
0 
2 
5 
0 
1 

19 

41 

96 

Treatment 

Tributary 
Area 

(square miles) 

2.65 
40.87 
15.16 

58.68 

0 
0 
6 

0 
0 
0 
0 
2 

1 1  
1 
1 

2 1 

6 

67 

Facilities 

Tributary 
Population 

4,800 
1 16,400 
5 1,500 

172,700 

0 
25,000 
52,800 

0 
0 
0 
0 

5,100 
19,600 

0 
900 

103,400 

1,267,900 

1,544,000 

. . . . . . . . . . .  Kinnickinnic River Watershed 

. . . . . . . . . . .  Menomonee River Watershed. 
. . . . . . . . . . . .  Milwaukee River Watershed. 

Minor Streams Directly Tributary 
to  Lake Michigan 

Barnes Creek Subwatershed . . . . . . . . . . .  
Pike Creek Subwatershed. . . . . . . . . . . . .  
Sucker Creek Subwatershed. . . . . . . . . . .  

Oak Creek Watershed. . . . . . . . . . . . . . . . .  
Pike River Watershed . . . . . . . . . . . . . . . . .  
Root River Watershed . . . . . . . . . . . . . . . .  
Sauk Creek Watershed . . . . . . . . . . . . . . . .  

. . . . . . . . . . . .  Sheboygan River Watershed. 

Great Lakes Perennial Streams 
Drainage Basin Subtotal 

Direct Drainage to Lake Michigan through 
Intermittent Streams and Drainage Swales 

~ o t a l ~  

0.00 
8.05 
14.53 

0.00 
0.00 
0.00 
0.00 
1.12 
7.01 
0.00 
0.36 

31.07 

263.58 

353.33 



falls, 110 were separate sewer bypasses, 40 were relief 
pumping stations, 72 were portable pumping stations, 
and 271 were sanitary and storm sewer crossovers. 
In addition, it should be noted that outside of-but 
tributary to-the Region, Commission inventories identi- 
fied two separate sewer bypasses, with no relief pumping 
stations, portable pumping stations, or sanitary and storm 
sewer crossovers in that portion of the Milwaukee River 
watershed located outside of the Region. There were also 
four municipally owned sewage treatment plants and 
one private wastewater treatment facility located in the 
headwater area of the Milwaukee River watershed outside 
the Region. 

Other Known Point Sources 
In 1975 there were a total of 263 establishments dis- 
charging industrial cooling, process, rinse, wash, and 

backwash waters through 435 outfalls to the inland 
waters of the Region and to Lake Michigan. Of these, 
248 outfalls, or about 57 percent, were identified as 
discharging only cooling water. Of the 435 outfalls, 
67, or about 15 percent, were located in the direct drain- 
age area of Lake Michigan. The remaining 368 were 
located in the inland portions of the Region. Of the out- 
falls located in the inland portions of the Region, 294, or 
about 80 percent, were in the Great Lakes drainage basin, 
and the remaining 74 were in the Mississippi River 
drainage basin portion of the Region. 

In addition to the 435 outfalls, 16 facilities discharged 
via 17 discharge points to soil absorption systems for 
effluent disposal. Four, or 24 percent of these discharge 
points, were located in the Great Lakes drainage basin 
and the remaining 13 were located within the Mississippi 

Table 138 

KNOWN SANITARY SEWERAGE SYSTEM FLOW RELIEF DEVICES I N  THE REGION: 1975 

addition to the Region totals, that portion of the Milwaukee River watershed that lies outside of the Region has two flow relief devices 
which are both bypasses. 

Source: SEWRPC. 

Total 

3 
20 
16 

39 

52 
166 
188 

0 
5 
0 
2 
8 

6 1 
2 
1 

485 

95 

619 

Hydrologic Unit 

Des Plaines River Watershed . . . . . . . . . . .  
Fox River Watershed . . . ' . . . . . . . . . . . . .  
Rock River Watershed . . . . . . . . . . . . . . .  

Mississippi River Drainage Basin Subtotal 

Kinnickinnic River Watershed . . . . . . . . . .  
Menomonee River Watershed. . . . . . . . . . .  
Milwaukee River Watershed. . . . . . . . . . . .  
Minor Perennial Streams Directly Tributary 

to Lake Michigan Watershed 
Barnes Creek Subwatershed . . . . . . . . . .  
Pike Creek Subwatershed. . . . . . . . . . . .  
Sucker Creek Subwatershed . . . . . . . . . .  

Oak Creek Watershed. . . . . . . . . . . . . . . .  
Pike River Watershed . . . . . . . . . . . . . . . .  
Root River Watershed . . . . . . . . . . . . . . .  
Sauk Creek Watershed . . . . . . . . . . . . . . .  
Sheboygan River Watershed. . . . . . . . . . . .  

Great Lakes Drainage Basin 
Perennial Streams Subtotal 

Direct Drainage to Lake Michigan through 
Intermittent Streams and Drainage Swales 

~ o t a l ~  

Combined 
Sewer 

Outfalls 

0 
0 
0 

0 

23 
26 
61 

0 
0 
0 
0 
0 
8 
0 
0 

118 

8 

126 

Separate 

Bypasses 

3 
13 
16 

32 

4 
7 

27 

0 
0 
0 
2 
3 

20 
2 
1 

66 

12 

110 

Sanitary 

Relief 
Pumping 
Stations 

0 
0 
0 

0 

2 
28 
7 

0 
2 
0 
0 
0 
0 
0 
0 

39 

1 

40 

Sewer Flow Relief 

Portable 
Pumping 
Stations 

0 
7 
0 

7 

4 
32 
16 

0 
0 
0 
0 
0 

11 
0 
0 

63 

2 

72 

Devices 

Crossovers 

0 
0 
0 

0 

19 
73 
77 

0 
3 
0 
0 
5 

22 
0 
0 

199 

72 

271 



Table 139 

OTHER KNOWN POINT SOURCES OF WASTEWATER IN THE REGION: 1975 

a In addition to the Region total, there are a total o f  five known facilities located in that portion of the Milwaukee River watershed outside o f  the Southeastern 
Wisconsin Region with six outfalls discharging to  surface waters-three outfalls discharging cooling water only and three outfalls discharging other types of waste- 
water. Also, one discharge point utilizes a soil absorption system. 

Hydrologic Unit 

Des Plaines River Watershed. . . . . . . . . .  
Fox River Watershed . . . . . . . . . . . . . .  
Rock River Watershed . . . . . . . . . . . . .  

Mississippi River Drainage Basin Subtotal 

Kinnickinnic River Watershed. . . . . . . . .  
Menomonee River Watershed . . . . . . . . .  
Milwaukee River Watershed . . . . . . . . . .  
Minor Streams Directly Tributary 
t o  Lake Michigan Watershed 

Barnes Creek Subwatershed. . . . . . . . .  
Pike Creek Subwatershed . . . . . . . . . .  
Sucker Creek Subwatershed . . . . . . . .  

Oak Creek Watershed. . . . . . . . . . . . . .  
Pike River Watershed. . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . .  Root River. 
Sau k Creek. . . . . . . . . . . . . . . . . . . .  
Sheboygan River . . . . . . . . . . . . . . . .  
Great Lakes Perennial Streams 

Drainage Basin Subtotal 

Direct Drainage t o  Lake Michigan 
through Intermittent Streams 
and Drainage Swales 

~ o t a l ~  

This includes multiple counting o f  three o f  the 263 different individual discharges, since these three have outfalls discharging to more than one watershed. These 
include Bucyrus Erie Company in the City of South Milwaukee discharging to  Oak Creek and Lake Michigan; Ladish Company in  the City of Cudahy discharging 
to  the Kinnickinnic River, Lake Michigan, and Oak Creek; and the Wisconsin Electric Power Company-Heating Steam Systems in the City of Milwaukee dis- 
charging to the Menomonee River and the Milwaukee River. 

The Region total number of facilities is 273. The difference o f  six is due to  double counting as described in  footnote b, and to  the fact that two facilities have one 

discharge each to  surface waters and soil absorption systems. 

Source: SEWRPC. 

Number of 
Discharge 

Points t o  Soil 
Absorption 

Systems 

0 
7 
6 

13 

0 
1 
1 

0 
0 
0 
0 
0 
2 
0 
0 

4 

0 

17 

River drainage basin portion of the Region. Table 139 
summarizes the number, distribution, and selected 
characteristics of the point sources other than municipal 
and private wastewater treatment facilities identified in 
the Commission inventories. 

Number of Known 
Facilities with 
Discharges t o  

Surface Waters 

6 
33 
17 

56 

30 
48 
68 

0 
1 
0 
8 
4 

11 
2 
1 

173 

34 

263b'C 

Privately Owned Onsite Sanitary Wastewater Treatment 
In addition to the centralized sanitary sewerage services 

Number of 
Outfalls 

Discharging 
Other Types 

of Wastewater 

3 
17 
8 

28 

30 
41 
36 

0 
0 
0 
7 
0 
5 
1 
0 

118 

41 

187 

provided within the Region, sanitary wastewater treat- 
ment and disposal was provided through an estimated 
68,622 privately owned onsite sewage disposal systems, 
including 351 kliown holding tanks and about 44 known 
mound systems as of 1975, with the balance being 
traditional septic tank-soil absorption systems. These 

Number of Known 
Facilities That 

Utilize Soil 
Absorption 

Systems 

0 
6 
6 

12 

0 
1 
1 

0 
0 
0 
0 
0 
2 
0 
0 

4 

0 

16' 

Total Number 
of Outfalls 

Discharging t o  
Surface Waters 

6 
48 
20 

74 

60 
78 

117 

0 
1 
0 

13 
6 

18 
2 
1 

294 

67 

435 

systems serve an estimated total resident population of 
about 246,000 persons, or about 14  percent of the total 
resident population of the Region. Of this total, about 
113,000 persons, or about 46 percent, resided in con- 
centrated areas of urban development having a density 
of at least 32 housing units per U. S. Public Land Survey 
quarter section. These scattered quarter sections of urban 
land use concentrations encompass a total of about 
145 square miles of urban land use, or about 5 percent 
of the total area of the Region. In the inland portions 
of the Region, an estimated 66,671 privately owned 
onsite sewage disposal systems serve an approximate 
total resident population of about 239,822 persons. 
Of this total, about 21,169 systems serving about 

Number of 
Outfalls 

Discharging 
Cooling 

Water Only 

3 
31 
12 

46 

30 
37 
81 

0 
1 
0 
6 
6 

13 
1 
1 

176 

26 

248 



Table 140 

EXTENT OF USE OF PRIVATELY OWNED ONSITE SEWAGE TREATMENT SYSTEMS IN THE REGION: 1975 

a In addition t o  the Region total, 44,700 persons were served b y  privately owned onsite sewage treatment systems i n  that port ion o f  the Milwaukee River watershed 
that lies outside o f  the Region. 

In addition to the Region total, 2,448 estimated privately owned onsite sewage treatment systems existed i n  that port ioo o f  the Milwaukee River watershed that 
lies outside o f  the Region. A l l  were assumed to be septic tanks. 

Source: SEWRPC. 

Number 
o f  

Mound 
Systems 

7 
15 
1 

23 

0 
1 
2 

3 
0 
0 
0 
2 
5 
0 
0 

13 

8 

44' 

Hydrologic Un i t  

Des Plaines River Watershed. . . . . . . . . . .  
Fox River Watershed . . . . . . . . . . . . . . .  
Rock River Watershed . . . . . . . . . . . . . .  

Mississippi River Drainage Basin Subtotal 

Kinnickinnic River Watershed. . . . . . . . . .  
Menomonee River Watershed . . . . . . . . . .  
Milwaukee River Watershed . . . . . . . . . . .  
Minor Streams Directly Tributary 

t o  Lake Michigan Watershed 
Barnes Creek Subwatershed. . . . . . . . . .  
Pike Creek Subwatershed . . . . . . . . . . .  
Sucker Creek Subwatershed . . . . . . . . .  

Oak Creek Watershed. . . . . . . . . . . . . . .  
Pike River Watershed. . . . . . . . . . . . . . .  
Root  River Watershed . . . . . . . . . . . . . .  
Sauk River Watershed . . . . . . . . . . . . . .  
Sheboygan River Watershed . . . . . . . . . . .  

Great Lakes Perennial Streams 
Drainage Basin Subtotal 

Direct Drainage t o  Lake Michigan 
through Intermittent Streams 
and Drainage Swales 

Total 

81,700 persons were located in the Great Lakes drainage 
basin, and the remaining 45,502 systems serving about 
158,100 persons were located within the Mississippi 
River drainage basin portion of the Region. Table 140 
summarizes the numbers and distribution of privately 

Number 
o f  

Septic 
Tanks 

2,697 
28.106 
14,699 

45,502 

0 
4,325 
8,087 

51 5 
161 
138 
308 

1,387 
6,686 

305 
7 1 

21,983 

1 , I  37 

138,622~ 

owned onsite sewage disposal systems. 

Number 
o f  

Holding 
Tanks 

12 
145 
30 

187 

0 
55 
48 

4 
0 
2 
1 
4 

21 
12 
0 

147 

17 

351' 

Number of 
Persons Residing 

i n  Unsewered 
Urban 

Concentrations 

2,700 
52,800 
13,700 

69,200 

0 
12,100 
8,900 

1,300 
370 

0 
1,100 
1,200 

13,000 
100 

0 

38,070 

830 

108,100~ 

Number of 
Persons Sewed by 
Privately Owned 
Onsite Sewage 

Treatment Systems 

10,100 
97,600 
50,900 

158,600 

0 
17,800 
29,800 

1,700 
400 
400 

1,200 
4,200 

27,600 
1.100 

200 

84,400 

4,400 

247,400~ 

Urban Storm Water Management Systems 
As noted in Table 135, urban land use as of 1975 com- 
prised about 490 square miles, or about 18 percent of 

Area o f  
Unsewered 

Urban 
Concentrations 

(square miles) 

3.2 
69.7 
21.6 

94.5 

0.0 
9.7 

12.5 

1 .O 
0.3 
0.0 
1 .O 
2.0 
9.9 
0.3 
0.0 

36.7 

1 . 1  

132.3' 

Number o f  
Privately Owned 
Onsite Sewage 

Treatment Systems 

2,954 
33.528 
15,250 

51,732 

0 
7,819 

10,230 

497 
162 
161 
873 

2.21 0 
1 1,379 

338 
72 

33,741 

1,727 

87,200~ 

the total area of the Region. As already noted, residential 
land uses comprised about 63 percent of the total area 

urban use. In the inland portions of the Region an 
estimated 436 square miles, or about 16 percent of the 
total inland area, were devoted to urban uses, with about 
52 percent of the total inland area in urban use being 
devoted to residential land uses. Within the area of the 
Region located in the Mississippi River drainage basin, 
about 187 square miles, or about 11 percent, were 

devoted to urban uses, with about 51 percent of the 
total Mississippi River drainage basin area in urban use 
being devoted to residential land uses. For the portion 
of the Region located in the Great Lakes drainage basin, 
about 249 square miles, or about 21 percent, were 
devoted to urban uses, with about 53 percent of the 
total Great Lakes drainage basin area in urban use being 
devoted to residential land uses. 

There were 55 known urban storm water drainage sys- 
tems providing service in the Region in 1975. Of these, 
11 discharged directly to Lake Michigan, while at least 
portions of all 55 systems were tributary to the perennial 
inland lakes and streams of the Region. All or part of 
42 urban storm water drainage systems were located 
within the Great Lakes drainage basin and all or parts 
of 18 systems were located within the Mississippi River 
drainage basin. These include five systems which drain 
to both basins. 



The urban storm water drainage systems within the 
Region encompassed a total tributary drainage area 
of about 183 square miles, or about 7 percent of the 
total area of the Region, and about 37 percent of the 
urban area,of the Region. About 23.5 square miles, or 
about 13 percent of the total area served by urban 
storm water drainage systems, were located within the 
area directly tributary to  Lake Michigan. The remaining 
159.8 square miles were located within the inland areas 
of the Region. Of the inland area, 134.6 square miles, 
or about 84 percent, were located within the Great Lakes 
drainage basin. The remaining 25.2 square miles, or 
16 percent, were located within the Mississippi River 
drainage basin. 

The 55 known systems discharge through a total of 
over 1,300 known storm water outfalls. Of these outfalls, 
82 were directly tributary to Lake Michigan; 998 were 
tributary to  the inland lakes and streams of the Great 

Lakes drainage basin; and 278 were tributary to the 
inland lakes and streams of the Mississippi River drainage 
basin. The outfalls ranged in size from eight inches in 
diameter to a triple 90 by 54-inch box culvert. There 
were only two reported major storm water pumping 
facilities-other than highway and street underpass 
drainage pumping stations--and 13 known storm water 
storage facilities in the Region. The combined annual 
average discharge from these outfalls was estimated to 
total about 22.9 billion gallons, occurring in an average 
of about 70 events per year. By contrast, it should be 
noted that the combined sewerage systems overflowed 
an average of about 52 times per year. This reduced 
frequency of overflow reflects the ability of the com- 
bined sewers to  accept the storm water runoff from 
relatively minor storm events without discharging to 
surface waters through the combined sewer outfalls. 
Table 141 summarizes the areas and distribution of 
the urban storm water drainage systems in the Region. 

Table 141 

URBAN STORM WATER DRAINAGE AREAS I N  THE REGION: 1975 

a These totals do not  include the combined sewer service area portions o f  each watershed. 

For the entire Region this total is 55. However, some systems serve portions o f  several watershedsandare countedseveral times, once for each watershedserved 
by the system. 

Hydrologic Unit 

Des Plaines River Watershed. . . . . . . . . . .  
Fox River Watershed . . . . . . . . . . . . . . .  
Rock River Watershed . . . . . . . . . . . . . .  

Mississippi River Drainage Basin Subtotal 

Kinnickinnic River watersheda . . . . . . . . .  

Menomonee River watersheda. . . . . . . . . .  
Milwaukee River watersheda . . . . . . . . . .  
Minor Streams Directly Tributary 

to Lake Michigan Watershed 
. . . . . . . . .  Barnes Creek Subwatershed. 

Pike Creek Subwatershed . . . . . . . . . . .  
. . . . . . . . .  Sucker Creek Subwatershed 

Oak Creek Watershed. . . . . . . . . . . . . . .  
Pike River Watershed. . . . . . . . . . . . . . .  
Root River watersheda. . . . . . . . . . . . . .  
Sauk Creek Watershed . . . . . . . . . . . . . .  
Sheboygan River Watershed . . . . . . . . . . .  

Great Lakes Perennial Streams 
Drainage Basin Subtotal 

Direct Drainage to  Lake Michigan 
through Intermittent Streams 
and Drainage swalesa 

Total 

Source: SEWRPC. 

Number of 
Storm Water 

Storage 
Facilities 

0 
3 
0 

3 

0 

2 
4 

0 
0 
0 
0 
1 
3 
0 
0 

10 

3 

16 

Annual 
Average 

Discharge 
(million gallons) 

62 
1,144 

263 

1,469 

2,768 

5,587 
5,369 

0 
64 1 

0 
1,133 

246 
2,113 

59 
4 

17,920 

3,467 

22,856 

Area 
Sewed 

(square miles) 

0.3 
19.3 
5.6 

25.2 

16.6 

42.8 
38.7 

0.0 
5.0 
0.0 
9.7 
3.8 

16.4 
1.4 
0.2 

134.6 

23.5 

183.3 

Number 
of 

Systems 

1 
16 
7 

24 

6 

10 
13 

0 
1 
0 
4 
3 

11 
1 
1 

50 

11 

85b 

Outfall 
Size 

Range 
(inches) 

24-36 
8-78 

12-78 

8-78 

12-142 x 89 Box 
12-Triple 
90x 54 Box 

12-6Ox144Box 

0 
15-84 

0 
12-78 

15-72xl13Box 
12-96 
12-72 
15-24 

Triple 
12-90 x 54 Box 

10-126 

Triple 
8-90 x 54 Box 

Number 
of 

Outfalls 

2 
210 
66 

278 

92 

343 
316 

0 
12 
0 

85 
13 

121 
14 
2 

998 

82 

1,358 

Number of 
Storm Water 

Pumping 
Facilities 

0 
0 
0 

0 

0 

0 
0 

0 
2 
0 
0 
0 
0 
0 
0 

2 

0 

2 



Rural Storm Water Runoff 
In 1975, the rural areas of the Region totaled about 
2,200 square miles, or about 82 percent of the total 
area of the Region. Based on the Commission 1975 
land cover inventory, it is estimated that of the total 
rural land area, about 41 percent is devoted to clean- 
tilled row .crops, about 1 3  percent is devoted to hay 
production, about 12 percent is devoted to small grain 
production, and about 34 percent devoted to woodlands, 
wetlands, and other open space. In 1975 there were an 
estimated 2,350 domestic livestock operations located 
within the Region having 25 or more equivalent animal 
units, an animal unit representing the equivalent of 
a 1,000-pound dairy cow. These operations housed 
a total of about 227,374 equivalent animal units. Of 

these, about 226,210, or about 99 percent, were located 
within the inland portion of the Region, and the remain- 
ing 1,164 were located in the direct drainage area of 
Lake Michigan. Approximately 69,150 equivalent animal 
units, or about 31 percent of the inland total, were 
located within the Great Lakes drainage basin, with the 
remaining 157,060 located in the Mississippi River 
drainage basin portion of the Region. An additional 
estimated 23,040 equivalent animal units were located 
in the headwater portion of the Milwaukee River water- 
shed outside the Region. Of the 2,350 total operations, 
963, or about 41 percent, were found to be located 
within 500 feet of a stream, lake, or other surface water 
body. Table 142 summarizes by watershed the number 
and distribution of domestic livestock operations. 

Table 142 

DOMESTIC ANIMAL OPERATIONS I N  THE REGION: 1975 

a In addition to the Region total, there were an estimated 23,040 equivalent animal units in that portion of the Milwaukee River watershed that 
lies outside of the Region. 

Source: SEWRPC. 

Hydrologic Unit 

Des Plaines River Watershed . . . . . . . . . . . . . . . . .  
Fox River Watershed . . . . . . . . . . . . . . . . . . . . . .  
Rock River Watershed . . . . . . . . . . . . . . . . . . . . .  

Mississippi River Drainage Basin Subtotal 

Kinnickinnic River Watershed . . . . . . . . . . . . . . . .  
Menomonee River Watershed. . . . . . . . . . . . . . . . .  
Milwaukee River Watershed. . . . . . . . . . . . . . . . . .  
Minor Streams Directly Tributary 

to Lake Michigan Watershed 
Barnes Creek Subwatershed . . . . . . . . . . . . . . . .  
Pike Creek Subwatershed. . . . . . . . . . . . . . . . . .  
Sucker Creek Subwatershed. . . . . . . . . . . . . . . .  

Oak Creek Watershed. . . . . . . . . . . . . . . . . . . . . .  
Pike River Watershed . . . . . . . . . . . . . . . . . . . . . .  
Root River Watershed . . . . . . . . . . . . . . . . . . . . .  
Sauk Creek Watershed . . . . . . . . . . . . . . . . . . . . .  
Sheboygan River Watershed. . . . . . . . . . . . . . . . . .  

Great Lakes Perennial Streams 
Drainage Basin Subtotal 

Direct Drainage to Lake Michigan through 
Intermittent Streams and Drainage Swales 

Total 

Number of 
Equivalent 

Animal Units 

12,340 
77,420 
67,300 

157,060 

0 
3,870 

40,790 

10 
0 

3,420 
110 
980 

9,350 
9.1 20 
1,500 

69.1 50 

1,164 

227,374a 

Number of 
Domestic 
Livestock 

Operations 

133 
698 
692 

1,523 

0 
49 

479 

1 
0 

34 
2 

13 
102 
110 
22 

813 

14 

2,350 

Number of 
Operations Within 

500 Feet of a 
Stream, Lake, or Other 

Surface Water Body 

35 
299 
244 

578 

0 
25 

242 

0 
0 

20 
1 
3 

47 
23 
17 

378 

7 

963 



Total Pollutant Loading 
The total and relative contributions of pollutants from 
the known pollution sources within the Region are 
presented in summary form in Table 143 and Figure 44. 
The table sets forth the total and relative contribution 
of the various pollution source categories within the 
Region as a whole; within the direct drainage areas of 
Lake Michigan; and within the inland portions of the 
Region within the Great Lakes drainage basin and the 
Upper Mississippi River drainage basin. These pollutant 
loadings are discussed in more detail in Chavter VI of 

The estimated annual pollutant loads to all surface waters 
of the Region-including the inland lakes and streams and 
Lake Michigan as well as that portion of the Milwaukee 
River watershed located outside of the Regioninclude 
45,648,200 pounds of nitrogen, 6,670,200 pounds of 
phosphorus, 113,103 900 pounds of biochemical oxygen 
demand, 3.2 x loi7 fecal coliform organisms, and 
6,700,115 tons of sediment. Of this total, about 28 per- 
cent of the nitrogen, 26 percent of the phosphorus, 
22 percent of the biochemical oxygen demand, 7 percent 
of the fecal coliform organisms, and 5 percent of the 
sediment are contributed directly to Lake Michigan as 
point source discharges or runoff from areas directly 
tributary to Lake Michigan through intermittent streams 
and drainage swales. The remaining 72 percent of the 
nitrogen, 74 percent of the phosphorus, 78 percent of 
the biochemical oxygen demhd,  93 percent of the fecal 
coliform organisms, and 95 percent of the sediment are 
contributed to  the inland lakes and perennial streams 
of the Region. 

Of the direct contributions of pollutants to Lake Michi- 
gan, the point sources contribute an estimated 95 percent 
of the nitrogen, 93 percent of the phosphorus, 89 percent 
of the biochemical oxygen demand, 82 percent of the 
fecal coliform, and 12 percent of the sedimeht. Accord- 
ingly, the diffuse sources, such as urban and rural storm 
water runoff, contributed only 5 percent of the nitrogen, 
7 percent of the phosphorus, 11 percent of the biochemi- 
cal oxygen demand, 18 percent of the fecal coliform, 
and 88 percent of the sediment to Lake Michigan. 

Point sources contribute only an estimated 7 percent of 
the nitrogen, 14 percent of the phosphorus, 8 percent of 
the biochemical oxygen demand, 40 percent of the fecal 
coliform, and 0.2 percent of the sediment to the inland 
lakes and streams of the Region. Urban diffuse sources 
contributed an estimated 14 percent of the nitrogen, 
41 percent of the phosphorus, 30 percent of the bio- 
chemical oxygen demand, 6 percent of the fecal coliform, 
and 53 percent of the sediment contributed to inland 
lakes and streams. Rural diffuse sources contribute a n  
estimated 78 percent of the nitrogen, 45 percent of the 
phosphorus, 63 percent of the biochemical oxygen 
demand, 52 percent of the fecal coliform, and 47 percent 
of the sediment. 

For the inland lakes and perennial streams located within 
the Great Lakes drainage basin, point sources contributed 
only about 10 percent of the nitrogen, 16 percent of 
the phosphorus, 13 percent of the biochemical oxygen 
demand, 67 percent of the fecal coliform, and 0.4 percent 
of the sediment. Urban diffuse sources produce an 
estimated 19 percent of the nitrogen, 42 percent of the 
phosphorus, 37 percent of the biochemical oxygen 
demand, 6 percent of the fecal coliform, and 58 percent 
of the sediment contributed to inland lakes and streams. 
Rural diffuse sources contribute about 70 percent of 
the nitrogen, 40 percent of the phosphorus, 45 percent 
of the biochemical oxygen demand, 29 percent of the 
fecal coliform, and 41 percent of the sediment. 

For .the inland lakes and streams located within the 
Mississippi River drainage basin, point sources contribute 
only about 6 percent of the nitrogen, 12 percent of 
the phosphorus, 3 percent of the biochemical oxygen 
demand, 0.3 percent of the fecal coliform, and less than 
one-tenth of 1 percent of the sediment. Urban diffuse 
sources produce an estimated 12 percent of the nitrogen, 
40 percent of the phosphorus, 24 percent of the bio- 
chemical oxygen demand, 8 percent of the fecal coliform, 
and 50 percent of the sediment. Rural diffuse sources 
contribute about 82 percent of the nitrogen, 48 percent 
of the phosphorus, 72 percent of the biochemical oxygen 
demand, 91 percent of the fecal coliform, and 50 percent 
of the sediment. 

The comparison of significant pollution sources indicates 
that the proportion of the pollutant load to the streams 
and lakes attributable to  a specific source category ranges 
from about 10 to more than 95 percent in the various 
inland watersheds of the Region. Significant sources have 
been defined as those which potentially contribute at 
least 10 percent of a given pollutant within a watershed. 
These significant pollution sources to inland lakes and 
streams are summarized by watershed in Table 144. 

Municipal and private sewage treatment plants and 
sewage flow relief devices are estimated to contribute 
more than 10 percent of the total phosphorus load in 
the Fox River, Kinnickinnic River, Menomonee River, 
Milwaukee River, Rock River, and Root River water- 
sheds. In the Menomonee and Kinnickinnic River water- 
sheds, municipal and private sewage treatment plants and 
flow relief devices account for more than 10 percent of 
the total loads of all pollutants except sediment. In the 
Milwaukee River watershed, the Root River watershed, 
the Pike Creek subwatershed, and the Pike River water- 
shed, these sanitary sewage-related point sources are 
together estimated to contribute more than 10 percent 
of the fecal coliform load. 

Point source industrial discharges account for 10 percent 
or more of the total phosphorus and biochemical oxygen 
demand loads only in the Kinnickinnic River watershed. 
This is in marked contrast to what might be expected in 
a highly urbanized and industrialized region. This desir- 



Table 143 

ESTIMATED TOTAL OF AVERAGE ANNUAL LOADS OF POLLUTANTS TO RECEIVING WATERS 
(INCLUDING LAKE MICHIGAN) OF SOUTHEASTERN WISCONSIN: 1975 

Source 

Urban Palnt Sources 
Municipal Sewage 

Treatment Plants. . . . . 

Private Sewage 
Treatment Plants . . . . 

Combmed Sewer 

Overflow . . . . . . . 

lndustrlal Discharges. . . . 

Sanitary Sewer F low 
Rellef Dev~ces . . . . 

Polnt Source Total 

Urban Diffuse Sources 
Residentla1 . . . . . 

Commercial. . . . . . . 

lndustrlal . . . . . . . . 

Exrract~ve . . . . . . . . 

Parameter 

Total Nitrogen (pounds per year) 
Total Phosphorus (pounds per year) 
Btochemical Oxygen Demand (pounds per yearl 

Fecal Col i form (counts per year) 
Sediment (tons per year) 

Total Nitrogen (pounds per year) 
Total Phosphorus (pounds per year) 
B~ochemical Oxygen Demand (pounds per year) 
Fecal Col i form (counts per year) 
Sediment (tons per year) 

Total Nitrogen lpoundsper year) 
Total Phosphorus (pounds per year) 
Biochemical Oxygen Demand (pounds per year) 
Fecal Col i form (counts per year) 
Sed~ment ltans per year) 

Total Nitrogen (pounds per year) 
Total Phosphorus (pounds per year) 
Biochemical Oxygen Demand (pounds per year) 

Fecal Coliform (counts per year1 
Sediment (tons per year) 

Total Nitrogen (pounds per year) 
Total Phosphorus (pounds per year) 
Biachem~cal Oxygen Demand (poundspar year) 
Fecal Cal i farm (countr per yearl 
Sed~ment (tans per year) 

Total Nttragen (pounds per year) 
Total Phosphorus (pounds per year) 
B~ochemical Oxygen Demand (pounds per yearl 
Fecal Collform (counts per year) 
Sed~ment (tons per year) 

Total Nltrogen (pounds per year) 
Total Phosphorus (pounds per year) 
Biochemical Oxygen Demand (pounds per year) 

Fecal Coltform (counts per year) 
Sed~ment (tons per year) . 

Total Nitrogen (pounds per year) 
Total Phosphorus (pounds per year) 
Biochemlcal Oxygen Demand lpounds per yearl 
Fecal Cal l farm (counts per year) 
Sedlment (tons per year) 

Total Nltragen (pounds per year) 
Total Phosphorus (pounds per year) 
B~ochemical Oxygen Demand (pounds per year) 
Fecal Cal i form (counts par year) 
Sed~ment (tons per year) 

Total Nitrogen (pounds per year) 
Total Phorphorur (pounds per year) 
Biochemical Oxygen Demand (pounds per year) 
Fecal Col i form (counts per year) 
Sediment (tons per year) 

Great 
Dramage 

Load 

719,730 
108,090 
769.610 

2 . 8 9 ~  1014 
500 

81,000 
28,860 
92,579 

2.2 x 10 
55 

275,460 
137,740 

2,754,690 
8.8 x 1016 

4,130 

106,870 
37,280 

1,405,280 
3.3 x 1012 

5,625 

20,210 
6.740 

201,910 
3.1 x 10 

95 

1,203,270 
318,710 

5,224,080 
1 . 2 ~ 1 0 ~ ~  

10.405 

337,880 
27,670 

2,101,170 
1.4 x l o t 5  

23.565 

148,630 
12.400 

1,611,770 
5.1 x 1014 

6,145 

83,140 
6,930 

365,160 
6.3 x l 0 l4  

4.820 

123,120 
92,360 

246.240 
0 

153,900 

Lakes 
Basma 

Percent 
of Total 

5.8 
5.4 
2.0 

15.2 
0.0 

0.7 
1.4 
0.2 
0.0 
0.0 

2.2 
6.9 
7.3 

46.3 
0.2 

0.9 
1.9 
3.7 
0.0 
0.2 

0.2 
0.3 
0.5 
1.7 
0.0 

9.8 
15.9 
12.9 
66.7 
0.4 

2.7 
1.4 
5.6 
0"s 
0.9 

1.2 
0.6 
4.3 
0.3 
0.2 

0.7 
0.3 
1.0 
0.4 
0.2 

1.0 
4 7 
0.7 
0.0 
6.1 

Lake M~chigan- Inland Laker and Streams 
Dlrect 
and D ~ r e c t  

Source 

Load 

11,979,700 
1.568.840 

21,198,620 
9 . 0 ~  loq4  

21.445 

13.150 
620 

244,380 

130 

49,210 
24,610 

492,060 
1.6 x 1016 

740 

175,250 
7,530 

230,730 

16.780 

7,230 
2,410 

72,310 
1.1 x 1015 

35 

12.224.540 
1,604,010 

22,238,100 
1 . 8 ~ 1 0 ~ ~  

39,130 

44,820 
3,590 

272.280 
1 . 8 ~  1014 

~3,055 

14,100 
1.170 

152,880 
4 . 0 ~  1013 

585 

12,640 
1,050 

55,520 
7 . 0 ~  loq3  

735 

0 
0 
0 
0 
0 

Total 
lncludlng 

Lake 

Load 

13,897.660 
2.028.760 

23.321.140 
295  x 1016 

23.065 

114,510 
38,770 

384.5 0 
6.2 x l J 3  

215 

324,670 
162.350 

3.246.750 
1.04 x 10') 

4,870 

291.720 
48,810 

1,654,439 
3.3 x lo1 

22.845 

28,820 
9,610 

287,972 
5 0 x  10 

135 

14,657,380 
2,288,300 

28.894.84 
1 . 4 ~ 1 0 ~ ~  

51,130. 

635,430 
50,840 

3,860.22 
2 . 6 ~  10" 

43,290 

235.220 
19.610 

2,550,720 
8 . 5 ~  l0 l4  

9.730 

138,620 
11,550 

608.900 
1 . 0 ~  1015 

8,045 

481.740 
361.330 
963.480 

0 
602,175 

Total 
Lakes and 

Load 

1,917,960 
459,920 

2.122.528 
2 . 9 ~  10' 

1,620 

101,360 
38,150 

140.160 
6.22 l0l3 

85 

275,460 
137,740 

2,754,690 
8.8 x 1016 

4.130 

116,470 
41,280 

1,423,700 
3.3 x 1012 

6,065 

21.590 
7.200 

215,670 
3 . 3 ~  l0 l5  

100 

2,432,840 
684,290 

6,656,740 
1 . 2 ~ 1 0 ~ ~  

12,000 

590,610 
47.250 

3,587.940 
2.4 x l oq5  

40,235 

221,120 
18,440 

2,397,840 
8.1 x 10l4 

9,145 

125.980 
10.500 

553,380 
9.3 x l o t4  

7.310 

481,740 
361,330 

963,480 
0 

602.175 

M~missippi 
Drainage 

Load 

1,198,230 
351,830 

1,352.910 
1 . 0 ~  1014 

1,120 

20,360 
9,290 

47.570 
4 . 0 ~  loq3  

30 

0 
0 
0 
0 
0 

9,600 
4,000 

18.420 
0 

440 

1,380 
460 

13.76 
0 . 2 ~  10'' 

5 

1,229,500 
365,580 

1.432.6 0 
3 . 0 ~ 1 0 ~ ~  

1,595 

252.730 
19,580 

1,486,770 
1.0 x 1015 

16,670 

72.490 
6,040 

786,070 
3 . 0 ~  l0 l4  

3,000 

42,840 
3,570 

188,220 
3 . 0 ~  l0 l4  

2,490 

358 ,620-  
268,970 
717.240 

0 
448,275 

Drainage 
Point 

Con t r~bu t~ons  

Percent 
of Total 

93.1 
91 0 
84.4 
4.1 
6.8 

0.1 
0 0 
1.0 
0.0 
0.0 

0.4 
1.4 
2.0 

72.7 
0 2 

1.4 
0.4 
0.9 
0.0 
5.3 

0.1 
0 1 
0.3 
5.0 
0.0 

95.0 
93.1 
88.6 
81.8 
12.3 

0.4 
0.2 
1.1 
0.8,  
1.0 

0.1 
0.1 
0.6 
0.2 
0.2 

0.1 
0.1 
0.2 
0.3 
0.2 

0.0 
0.0 
0.0 
0.0 
0.0 

Region 

~ l c h i g a n ~  

Percent 
o f  Total 

30.4 
30.4 
20.6 
9.2 
0.3 

0.3 
0.6 
0 3 
0.0 
0.0 

0.7 
2.4 
2.9 

32.5 
0.1 

0.6 
0.7 
1.4 
0.0 
0.3 

0 1 
0 1 
0.2 
1.6 
0.0 

32 1 
34 2 
25 5 
43.7 

0.8 

1 4 
0 8 

i:f 
0.6 

0.5 
0.3 
2.3 
0 3  
0.1 

0.3 
0.2 
0.5 
0.3 
0 1  

1 0 
5.4 
0.8 
0.0 
9.0 

Inland 
streamsa 

Percent 
of Total 

5.8 
9.3 
2.4 
9.8 
0 0 

0.3 
0.8 
0.2 
0.0 
0.0 

0.8 
2.8 
3.1 

29.4 
0.1 

0.4 
0.8 
1.6 
0.0 
0 .  

0.1 
0.1 
0 2  
1.1 
0.0 

7.4 
13.8 
7.6 

40.3 
0.2 

1.8 
1.0 
4.1 
0.8 
0.6 

0.7 
0.4 
2.7 
0.3 
0.1 

0.4 
0.2 
0.6 
0.3 
0.1 

1.5 
7.3 
1.1 
0.0 
9.4 

River 
Basina 

Percent 
of Total 

5.8 
11.7 
2.7 
0.0 
0 0 

0.1 
0.3 
0.1 
0.0 
0 0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.1 
0.1 
0.1 
0.0 
0.0 

0.0 
0.0 
0.1 
0.2 
0.0 

6.0 
11.9 
2.8 
0.3 
0.0 

1.2 
0.7 
2.9 
0.9 
0.4 

0.4 
0.2 
1.5 
0.3 
0.1 

0.2 
0.1 
0.4 
0.3 
0.1 

1.7 
9.0 
1.4 
0.0 

11.6 



Table 143 (continued) 

- 
Source 

Transportation . . . . . . . 

Recreation . . . . . . . . . 

Construction . . . . . . . . 

Septic Systems. . . . . . . 

Urban Diffuse 
Source Totals 

Urban Sources Total 

Rural Diffuse Sources 
Livestock Operations . 

Crop Land and 
Pasture Land and 
Unused Rural Land. . . . 

Silvicultural. . . . . . . . . 

Air Pollution to 
Surface Water. . . . . . . 

Total 
lncludlng 

Lake 

Load 

710.650 
50,530 

4.634.6 0 
1 . 9 ~ 1 0 ' ~  

599,480 

104,300 
3,820 

43,879 
7 3 x 1 0  

7.085 

1,901,100 
1,425,850 
3,802,200 

0 
2.376.375 

812,190 
186,950 

11,549,280 
1 . 4 ~  1016 

1.985 

4,989,240 
2,110,480 

28.013.300 
2 . 0 ~  1016 
3,648,085 

19,646,620 
4.398.780 

56,908.140 
1.7 n l o q 7  
3,699,295 

7,188,180 
1,670,400 

28,145.2 0 
1 . 6 ~ 1 0 ' ~  

88,590 

17.954.340 
552,420 

19,314,620 
0 

2,874.330 

392.670 
23.990 

790.2 0 
1 1 x loy4 

21.600 

466,420 
24,520 

7.945.600 
0 

16,300 

Parameter 

Total Nftragen lpoundr per year1 

Total Phosphorus (pounds per year) 
Biochemical Oxygen Demand (pounds ~ e r  year) 
Fecal Col~form (counts par year) 
Sed~ment (tons per year) 

Total Nitrogen lpounds per year) 
Total Phosphorus (pounds per yearl 
Biochemical Oxygen Demand (pounds per year) 
Fecal Coliform (counts per year) 
Sediment Itons per year) 

Total Nitrogen lpoundsper year) 
Total Phosphorus (pounds per year) 
Biochemical Oxygen Demand (pounds per year) 

Fecal Coiiform lcountr per year) 
Sediment (tons per year) 

Total Nitrogen lpounds per year1 
Total Phosphorus (pounds per year) 
Biochemical Oxygen Demand (poundr per year) 

Fecal Coliform (counts per year) 
Sediment (tons per year) 

Total Nitrogen (pounds per year) 
Total Phosphorus lpounds pet year) 
Biochem~cal Oxygen Demand lpounds per year) 
Fecal Coliform (counts per year1 
Sediment (tons per year) 

Total Nitrogen (pounds per year) 
Total Phosphorus (pounds per year) 
Biochemical Oxygen Demand (pounds per year) 
Fecal Coliform (counts per year) 
Sediment (tons per year) 

Total Nltrogen (pounds per year) 
Total Phosphorus (pounds per year) 
Biochemical Oxygen Demand (pounds per year) 
Fecal Coliform (counts per year) 
Sediment ltonr per year) 

Total Nitrogen lpoundr per year) 

Total Phosphorus (pounds per year) 
Biochemical Oxygen Demand lpounds per year) 
Fecal Coliform (counts per year) 
Sediment (tons per year) 

Total Nitrogen (pounds per year) 
Total Phosphorus (pounds per year) 
Biochemical Oxygen Demand (pounds per year) 
Fecal Coliform (counts per year) 
Sediment (tons per year) 

Total Nitrogen (pounds per year1 
Total Phosphorus (pounds per year) 
Biochemical Oxygen Demand lpoundr per year) 

Fecal Coliform (counts per year1 
Sediment Itons per year) 

Region 

~ a c h l g a n ~  

Percent 
of Total 

1.6 
0.8 
4.1 
0.6 
8.9 

0.2 
0.1 
0.0 
0.0 
0.1 

4.2 
21.4 
3.4 
0.0 

35.5 

1.7 
2.8 

10.2 
4.4 
0.0 

10.9 
31.6 
24.8 
6.4 

54.4 

43.0 
65.9 
50.3 
50.1 
55.2 

15.7 
25.0 
24.9 
49.9 
1.3 

39.3 
8.3 

17 1 
0.0 

42.9 

0.9 
0.4 
0.7 
0.0 
0.3 

1.0 
0.4 
7.0 
0.0 
0 2  

Great 
Dramage 

Load 

423,960 
31.350 

2.752.4 0 
1 . 2 ~ 1 0 ' ~  

348.115 

51,970 
1,920 

21.569 
3.9x101 

3,485 

751,800 
563,870 

1,503,600 
0 

939.750 

373,490 
86,050 

5,322,860 
6 . 5 ~  

910 

2,301,990 
822,550 

13,924,7@ 
1 . 0 ~  10 
1,480,690 

3.505.260 
1,141,260 

19,148.840 
1 3  x 1017 
1,497,095 

2.618.190 
608.460 

10.251.5j2 
6 . 0 ~ 1 0  

32,270 

5,999,860 
190,470 

6,891,040 
0 

999.670 

127,200 
7,750 

254,350 
4 . 0 ~  loq3  

6.935 

55,350 
3,110 

1,007,310 
0 

2,065 

Lake Michigan- 

Lakes 
8arlna 

Percent 
of Total 

3.4 
1.6 
7.3 
0.6 

13.8 

0.4 
0.1 
0.1 
0.0 
0.1 

6.1 
28.9 
4.0 
0.0 

37.1 

3 0  
4.4 

14.1 
0.4 
0.0 

18.7 
42.2 
37.1 
6.0 

58.4 

28.5 
58.5 
50 1 
72.2 
58.9 

21.3 
30.4 
27.2 
29.4 

1.2 

48.8 
9.8 

18.4 
0.0 

39.5 

1.0 
0.4 
0.7 
0.0 
0.2 

0.4 
0.2 
2.7 
0.0 
0 0 

Dfrect 
and Dorect 

Source 

Load 

146.770 
8.780 

997,278 
4.2 x 10 

133,595 

4.420 
120 

2,500 
6 . 2 ~ 1 0 ' ~  

405 

88,080 
66,060 

176.160 
0 

110.100 

30,010 
7,090 

427.300 
1 . 0 ~  1015 

75 

310.830 
87.860 

2,083,900 
1 . 7 ~  l o q 5  

248,470 

12.535.370 
1.691.870 

24,322,002 
2 . 0 ~  10' 

287.680 

109.480 
25,440 

428,680 
2 . 5 ~ 1 0 ' ~  

1.350 

144,720 
4.380 

171.230 
0 

26,840 

14.990 
1,000 

34.970 
1 . 6 ~  10'' 

1,000 

38,310 
470 

153.250 
0 

310 

Inland Lakes and Streams 
Drainage 

Po~nt 
Contr~butianr 

Percent 
of Total 

1.0 
0.5 
4.0 
1.8 

42.1 

0.0 
0.0 
0.0 
0.0 
0.1 

0.7 
3.8 
0.7 
0.0 

34.7 

0.2 
0.4 
1.7 
4 5 
0.0 

2.4 
5.1 
8.3 
7.3 

78.3 

97.6 
98 2 
96.9 
90.9 
90.7 

0.9 
1.5 
1.7 

11.4 
0.4 

1.1 
0.3 
0.7 
0.0 
8.5 

0.1 
0.1 
0.1 
0.0 
0.3 

0.3 
0.0 
0.6 
0.0 
0.1 

M~ssisrippt 
Drainage 

Load 

139,920 
10,400 

884,998 
3 . 0 ~ 1 0  

117,770 

47,910 
1,780 

19,790 
3 . 0 ~ 1 0 ~ ~  

3.195 

1,061,220 
795.920 

2,122.440 
0 

1.326.525 

408.690 
93,810 

5,799.120 
7.1 x 1015 

1.000 

2,376,420 
1,200,070 

12,004,640 
9 . 0 ~  1015 
1,918,925 

3,605,990 
1,565,650 

13,437,308 
9 . 4 ~  10' 
1,920,520 

4,460,510 
1,036,590 

17.465.07 
l.OxlO1q 

54,970 

11,809,760 
357,570 

12,252,350 
0 

1,847,820 

250.480 
15,240 

500,979 
7 . 0 ~  lo1 

13,665 

372,760 
20,940 

6,785,040 
0 

13.925 

Total 
Lakes and 

Load 

563.880 
41.750 

3.637.3 0 
1.5 x loQ5 

465.885 

99,880 
3,700 

41,379 
6 . 9 ~ 1 0  

6,680 

1,813,020 
1,359.790 
3,626,040 

0 
2,266,275 

782,180 
179,860 

11,121,980 
1 . 3 ~  loq6  

1.910 

4,678,410 
2,022,620 

25,929.400 
1 . 9 ~  10l6 
3,399,615 

7,111,250 
2,706,910 

32.586.140 
1.4 x 1017 
3,411,615 

7,078,700 
1,645.050 

27,716.5 0 
l .6x10Q7 

87,240 

17,809,620 
548,040 

19,143,390 
0 

2.847.490 

377,680 
22,990 

755,320 
1.1 x l 0 l4  

20,600 

428,110 
24,050 

7,792,350 
0 

15,990 

Rlvar 
8arlna 

Percent 
of Total 

0.7 
0.4 
1.8 
0.2 
3.1 

0.2 
0.1 
0.1 
0.0 
0.1 

5.2 
26.6 
4.2 
0.0 

34.4 

2.0 
3.1 

11 5 
6.5 
0.0 

11.6 
40.0 
23.8 
8.1 

49.8 

17.6 
52.2 
26.7 
8.5 

49.8 

21.8 
34.6 
34.6 
909  

1 4 

57.6 
11.9 
24.2 
0.0 

48.0 

1.2 
0 5 
1.0 
0.0 
0.4 

1.8 
0.7 

13.4 
0.0 
0.4 

Inland 
streamsa 

Percent 
of Total 

1.7 
0.8 
4.1 
0.5 
7.3 

0.3 
0 1 
0.0 
0.0 
0.1 

5.5 
27.5 
4.1 
0.0 

35.5 

2.4 
3.6 

12.6 
4.5 
0.0 

14.3 
40.9 
29.5 
6.4 

53.3 

21.7 
54.7 
37.0 
46.8 
53.4 

21.6 
33.3 
31.5 
53.2 

1 4 

54.3 
11 1 
21.8 
0.0 

44.6 

1.2 
0.5 
0.9 
0.0 
0.3 

1 3  
0.5 
8.9 
0.0 
0.3 



Table 143 (continued) 

Source 

Rural D~ffuse 
Source Totals 

Load 

Total Region 

Including 
Lake ~ i c h i g a n ~  

Total Nltrogan (pounds per year) 
Total Phosphorus (pounds per year) 

Biochemical Oxygen Demand (pounds per year) 
Fecal Col~form (counts per year) 
Sed~ment (tons per year) 

Lake Michigan- 

Dlrect Drainage 
and Direct Point 

Source Contributions 

Inland Lakes and Streams 

Percent 
of Total 

70.3 
40.5 
45.4 
29.4 
41.1 

Percent 

Load of Total 

Total Inland 

Lakes and streamsa 
Great Lakes 

Drainage 8asina 

Total Diffuse Source 

Mississippi River 
Drainage E3asina 

Total 

Total Nitrogen (pounds per year) 
Total Phosphorus (pounds per year) 
Biochem~cal Oxygen Demand (pounds per year) 
Fecal Coliform (counts per year) 
Sed~ment (tons per year) 

Total Nitrogen (pounds per year) 
Total Phosphorus lpounds per year) 
Biochemical Oxygen Demand (pounds per year) 
Fecai Cal~form (counts per year) 

Sediment (tons Der vear) 

a Includes pollution loadings from the approxjmate 264 square miles of the Milwaukee River watershed located outside o f  the Region. 

Source: SEWRPC. 

able situation in southeastern Wisconsin is in large part 
attributable to  the treatment of industrial wastes in 
municipal sewage treatment plants, a practice developed 
by design over many years of wastewater management 
planning and plan implementation. 

Based on the estimated total pollution loads, the primary 
urban diffuse sources are construction-related activities, 
septic systems, transportation activities, and residential 
land uses. Construction-related activities accounted for 
10 percent or more of the total phosphorus and sediment 
load to all watersheds except the Sauk Creek and Sheboy- 
gan River watersheds, both predominantly agricultural. 
Septic systems are estimated to  contribute more than 
10  percent of the total biochemical oxygen demand load 
to the Des Plaines River, Fox River, Menomonee River, 
Oak Creek, Pike River, and Root River watersheds and 
Barnes Creek and Pike Creek subwatersheds. In addition, 
septic systems contributed more than 10 percent of the 
total fecal coliform load in the Des Plaines River, Oak 
Creek, Pike River, and Root River watersheds and Barnes 
Creek and Pike Creek subwatersheds; and more than 
10 percent of the total phosphorus and nitrogen load 
in the Root River watershed and Barnes Creek sub- 
watershed. Transportation-related activities are important 
sources of total sediment in the Kinnickinnic River, 
Menomonee River, and Oak Creek watersheds; of total 
nitrogen in the Kinnickinnic River and Menomonee River 
watersheds; and of total biochemical oxygen demand 
in the Menomonee River and Oak Creek watersheds. 
Residential land uses are important contributors of total 

Percent Percent Percent 
of Total Load of Total Load of Total 

nitrogen and biochemical oxygen demand in the Kin- 
nickinnic River watershed and Pike Creek subwatershed. 

Livestock operations-including the disposal of manure 
on cropland-are estimated to  contribute more than 
10 percent of the total nitrogen, phosphorus, biochemi- 
cal oxygen demand, and fecal coliform loads in the 
Des Plaines River, Fox River, Milwaukee River, Rock 
River, Root River, Sauk Creek, and Sheboygan River 
watersheds and Sucker Creek subwatershed. In addi- 
tion, livestock operations are significant sources of fecal 
coliform in the Oak Creek and Pike River watersheds. 
Rural storm water runoff is a significant contributor 
of nitrogen, phosphorus, biochemical oxygen demand, 
and sediment to the Des Plaines River, Fox River, Mil- 
waukee River, Pike River, Rock River, Root River, 
Sauk Creek, and Sheboygan River watersheds; and of 
nitrogen, biochemical oxygen demand, and sediment 
to the Oak Creek watershed and Barnes Creek and 
Sucker Creek subwatersheds. 

In summary, the estimated contributions from the 
inventoried pollution sources indicate that urban sources 
of pollution are predominant in the Kinnickinnic River, 
Menomonee River, and Oak Creek watersheds and Barnes 
Creek and Pike Creek subwatersheds; whereas rural 
sources are predominant in the Des Plaines River, Fox 
River, Milwaukee River, Rock River, Sauk Creek, and 
Sheboygan River watersheds and Sucker Creek subwater- 
shed. The pollution sources in the Pike River and Root 
River watersheds are about equally divided between rural 
and urban sources. 



Figure 44 

PERCENTAGE DISTRIBUTION OF POLLUTANT LOADS TO SURFACE WATERS IN SOUTHEASTERN WISCONSIN: 1975 

Swrm: SEWRPC. 
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Table 144 

SIGNIFICANT SOURCES OF WATER POLLUTION IN  THE MAJOR WATERSHEDS OF SOUTHEASTERN WISCONSIN: 1975 

--- 

CONCLUSIONS 

The areawide water quality management planning pro- 
gram for southeastern Wisconsin has identified all known 
sources of water pollution within the Region and has 
estimated the absolute and relative pollutant channel 
loads contributed by each of these sources to  the surface 
waters of the Region. The resulting data provide a basis 
for the development of alternative plans for the abate- 
ment of water pollution in the Region. However, the 
relative magnitudes of the channel loads of the pollutants 
do not of themselves indicate whether water use 
objectives and supporting standards are violated, or even 
whether they can be achieved by the alternative actions 
considered. These questions by which the relationship 
of pollution sources to the in-stream water quality is 
established must be addressed in a reviewsuch as that 
presented in Chapter IV of this volume of the report-of 
the in-stream water quality sample data, and an assess- 
ment of present and future water quality conditions 
with and without control measures-an assessment 
presented in Chapter IV of Volume Two of this report. 

The following conclusions, however, may be drawn 
about the existing sources of water pollution in south- 
eastern Wisconsin : 

Sediment Nlfrogen 

1. Of the total estimated pollutant loading on the 
surface waters of southeastern Wisconsin, about 
28 percent of the nitrogen, 26 percent of the 
phosphorus, 22 percent of the biochemical 
oxygen demand, 7 percent of the fecal coliform, 
and 5 percent of the sediment are contributed 
directly to Lake Michigan. The remaining 72 per- 
cent of the nitrogen, 74 percent of the phos- 
phorus, 78 percent of the biochemical oxygen 
demand, 93 percent of the fecal coliform, and 
95 percent of the sediment are contributed to 
the inland lakes and streams. Of this total to 
inland lakes and streams, the waters of the 
Mississippi River drainage basin receive an esti- 
mated 62 percent of the nitrogen, 61 percent of 
the phosphorus, 57 percent of the biochemical 
oxygen demand, 37 percent of the fecal coliform, 

Source 

Estimated 
Contrlbut80n 

as Percent 
of Total 

Estimated 
Load --- 

Estimated 
Contribution 

as Rrcent 
of Total 

Estimated 
Load 

Phosnhorus 

Unused Rural Land 
L~veRock 

Source 

FOX RIM, . . . . . . . . . 

Kinnicklnnic River . . . . . 

Menornonee Rbver . . . . . 

Milwaukee RIVBI . . . . . . 

Minor Streams Dtremly 
Tributaw to Lake Michisan 

Barnes Creek . . . . . . 

Pike Creek . . . . . . 

67 Connrun~on Unused Rural Land 65 
21 Cropland. Panure and Construction 

Unured Rural Land 

Erttmated 
Contribution 

ar Percenr 
of Total 

Estimated 
Load 

Biochemical Oxygen Demand 
-- 

-- 
aopiand. Pastureand 

Unused Rural Land 
Livsxtock 

Combined Sewer 
Overflow 

Rardent8al 
T l ango~a f l on  

Cropland, Pmture and 
Unused Rural Land 

Transnortat80n 
connructkon 

Cropland. Pasture and 
Unured Rural Land 

L~vesock 

Cropland. Pasture and 
Unused Rural Land 

COnnrunion 
Septic Systwnr 

Cropland. Pasture and 
Unused Rural Land 

Construmon 
Rerldential 

54 
20 

25 
18 
17 

23 
20 
11 

50 
27 

40 
31 
17 

32 
28 
14 

Fecal Coltform 

Source Sourol 

Estimated 
Contrlbufion 

as Percent 
of Total 

Estimated 
Load 

L~vestock 
Construnion 
Munieipat Sewage 
Treamenf Plans 

Extractive 
Cropland. Psrfure and 

Unused Rural Land 

Combrned Sewer 
Ovsrflow 

Industrial Drscharger 
Construction 

COn%trucfton 
Combined Sewer 
Overflow 

L ~ ~ ~ l t o c k  
Connruef~on 
Cropland, Pasture and 

Unused Rural Land 

Constr~cfion 
Extractwe 
Septic Sysf~mr 

Construction 

Estimated 
Controb~tion 
as Percent 
of Total 

E~t imamd 
Lma  

30 
30 

12 
11 

11 

38 
24 
21 

36 

18 

43 
23 

11 

71 
12 
12 

78 

Llmsfock 
Cropland. Pasture and 

UnusedRural Land 
Seprls Svnemr 
Atmolphe~ic 

C~n t t i bu t i on~  to  
Sufisce Waters 

lndu~tr~a l  Derchsrger 
Comblnd Sewer 
Overflow 

Ras~dsntiai 

Septic Svsteml 
Tranrponstion 
Combined Sewer 

Overflow 

L8wrtoet 
Cropland. Pasture and 

UnuredRural Land 

Septlc Systems 
Connrucfion 
Cropland. Pasture and 

Unused Rural Land 

Rsldents l  
Industrial 
D i scham 

Septic SvLem8 
Commsrctal 
Construction 

31 

22 
14 
15 

43 

24 
10 

26 
16 

i 6  

41 

23 

62 
16 

10 

22 

10 
16 
15 
14 

Livesock 

Combined Sewer Overflow 

CombinedSewerOverflow 

L ~ w r t m k  
Combined L w e r  Overflow 
Munkipal S e w  
Treatment Plan- 

Septic Svrfernr 

Septic Systems 
Sewage Flow Rsiief Device. 
Industrial 

97 

84 

38 
33 

26 

91 

27 
24 
21 

Connrucfion 
Extractive 

Connructlon 
Tranrporfation 

T rmwr ta t r on  
Conn f~e t~on  
Cropland. Panure 
and Unused 
Rural Land 

Cropland. Parrun and 
Unused Rural Land 

Conrtrvct8on 

Constructon 
Extt~cf8ve 
Cropland. Pasture and 

Unused Rural Land 

Constrvctlon 
Cropland, Panure and 

Unused Rural Land 

38 
14 

46 
31 

47 
35 
10 

51 
35 

76 
13 

11 

81 

11 



Table 144 (continued) 

Nlfrogen Phosphoru~ I ! % d  Fecal Col~forrn Sed~ment 

Erf~mated Ertlmated Esfcmated Emmated 
Contr8butlon Confrlbution Contrlbutlon Confr~but~on 

as Percent ar Percent as Percent as Percent 
of Total of Total of Total 

Est8msfsd 
Watershed 

Minor Streams Tributary 
to  Lake M~chtgan lcontl 

Sucker Creek . . . . . . L~vertock 

Crwlsnd. Parture and 

Unused Rural Land 

Oak Creek . . . . . . . . Cropland. Parture and 
Unused Rural Land 

Conrtrucr~on L Lrvertack 65 
Cropland. Parture and 

Unused Rural Land 

Sepf,c Svrtemr 15 
Cropland. pasture and 

Unused Rural Land 18 
Tranrmr,ar,on 
Rerldentlal 

S e ~ t ~ c  Systems 
Livestock 

Residential 
Industrial 

1 Cropland. Pasture and 
Unused Rural Land 

Conrtrucf8on 49 Sepflc System 27 Municipal Sewage Cropland. Pasture and 
72 Cropland. Pasture and Cropland. Parture and Treatment Plan* Unused Rural Land 1 U n d  Rural Land 1 17 1 Unused Rural Land 1 34 1 t 1 1: 1 COn~Vu" i0  1 :: 1 

Rock River . . . . . . . Cropland. Pasture and 
unused Rural Land 

L~vewock 

LIV~.~OC~ 

CO".t,"~t,0" 

Munic~psl Sewage 
Treatment Plann 

Ciooland. parrure and 
Unused Rural Land 

L#velfock 
Cropland, Pasture and 

Unused Rural Land 
Atmospheric 

Contributions to 
S u W  Wanr 

96 Cropland. Pasture and 
Unused Rural Land 

Conrtruct8on 

1 Roof River . . . . . . Cropland. Pasture and 
Unused Rural Land 

L~vestock 
Septic Syrfemr 

Conitructlon 
LlvelfOCk 

Septic Syrrernr 
Cropland, Panure and 

Unured Rural Land 

Septic Systems 35 
Cropland. Parture and 

Unured Rursi Land 
Llvesfo~k 

Llvertock 
Camb~ned Sewer Overflow 
Sepfrc Syrremr 

Z / Cropland, Pasture and 

Unured Rural Lsnd 
19 Constructlo" 

Sauk Creek. . . . . . . . Llvertock 50 Llvertak 98 Cropland. Pasture and 
Cropland, Pasture and Cropland. Pasture and Cropland, Parfure and I I 1 Unused RII L m d  I W 1 Unused I".. Land 

Shebovgan Rwer . . . . Cropland. Pasture and L~ves fak  50 L8vestak 97 Cropland. Pasture and 
Unused Rural Land Cropland. Psaure and Cropland. Panure and I I LlvertOck Unused Rural Land I I4 I 

Cropland. Pasture and 
Unused Rural Land 

Ltvestock 

L#ve$tock 33 L8vertock 32 Llverfock 53 Cropland. Parture and 
Combined Sewer Overflow Unused Rural Land : 1 d 1 1 1 :: 1 M u n i c l ~ l  3 e w  1 1 con*r - t lo  1 :: 1 

Unured Rural Land Septtc Sv8tems Treamsnt Plan* 

a Dehned as those roumer eantrrbumg lopercent or more of the potenfral loadof the pollufanf. 

Conrfrucf,on kfivifier are rdennf#ed as a r,gnificanf pollution source in the Sucker Dee* Wsfe&d b ~ a u r e  of the sonrauerion of H m  1.43. 

Source: SEWRFC 

and 60 percent of the sediment. The remaining 
pollutant load-38 percent of the nitrogen, 
39 percent of the phosphorus, 43 percent of 
the biochemical oxygen demand, 63 percent of 
the fecal coliform, and 40 percent of the sedi- 
ment-is contributed to the inland waters of the 
Great Lakes drainage basin. The majority of the 
pollutant loading to the inland waters is from 
nonpoint sources, while the majority of the 
direct pollutant loading to Lake Michigan is from 
point sources. 

3. Based on the estimated annual pollutant loads, 
point sources of pollution do not comprise the 
dominant pollution source in the inland lakes 
and streams of the Region. Moreover, point 
source contributions can be expected in the 
future to be further reduced in their magnitude as 
a result of local, state, and federal requirements; 
increased expenditures; and improved wastewater 
treatment technologies. 

4. Of the point sources of pollution, the sanitary 
wastewaters discharged from municipal and pri- 
vate sewage treatment plants and from sanitary 
and combined sewage flow relief devices together 
constitute the most important sources of pollu- 
tion in terms of the annual contributions of all 
pollutants considered. On a regional basis, indus- 
trial wastewater discharges are only minor sources 

2. Based on the estimated annual pollutant loads, 
the inventory findings indicate the importance 
of the diffuse sources of pollution in the Region 
and support the need to develop and implement 
diffuse source abatement plans for both the rural 
and urban areas of the Region. 



of water pollution, contributing from less than 
0.1 percent to about 1.4 percent of the total for 
the pollutants discussed in this chapter. These 
sources can, however, constitute important 
sources of such "exotic" substances as poisonous 
metals and dangerous chemicals. For the major 
watersheds, industrial sources are of minor signifi- 
cance, except with regard to  biochemical oxygen 
demand and phosphorus in the Kinnickinnic 
River watershed. For more localized stream 
reaches, selected industrial waste discharges can 
be expected to be important, and thus will be 
identified by stream reach on the basis of forecast 
water quality conditions simulated for future 
loads and control strategies through the use of 
the Commission's hydrologic-hydraulic water 
quality simulation model. 

5. Storm water runoff from croplands, pasture, and 
unused rural lands is the largest single contributor 
of nitrogen and sediment t o  the inland lakes and 
streams of the Region, and is a significant source 
of phosphorus and biochemical oxygen demand. 
Livestock operations are the largest single source 
of phosphorus, biochemical oxygen demand, and 
fecal coliform. 

6. Runoff to  inland lakes and streams from urban 
and suburban construction activities is the second 
largest single contributor of phosphorus, the most 
recognized direct cause of eutrophic waters and 
the largest urban source of sediment. 

7. Livestock operations and septic systems are major 
diffuse source contributors of fecal coliform, and 
together account for an estimated 58 percent of 
the fecal coliform organisms potentially reaching 
the surface waters. Improperly installed or mal- 
functioning septic systems are important urban 
sources of surface water pollution, especially 
those in the poorly suited soils which predomi- 
nate in the eastern half of the Southeastern Wis- 
consin Region. In addition, flow relief devices, 
which contribute 30 percent of the total fecal 
coliform load to inland lakes and streams, and 
municipal sewage treatment plants, which con- 
tribute 10  percent of the total fecal coliform 
load to inland lakes and streams, account for 
nearly all of the remaining fecal coliform loads 
in the Region. 
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Chapter VI 

LEGAL STRUCTURES AFFECTING WATER QUALITY MANAGEMENT 

INTRODUCTION 

In any sound planning and engineering effort, it is neces- 
sary to investigate the legal, 'as well as the physical, 
economic, and social factors affecting the problem under 
consideration. In the formulation of an areawide water 
quality planning and management program for south- 
eastern Wisconsin, ascertaining various federal, state, and 
local authorities affecting water quality management can 
be as important as the technical feasibility or the benefits 
and costs of the proposed plans. If legal constraints 
bearing upon the planning problem are ignored during 
plan formulation, serious and important difficulties may 
be encountered during plan implementation. 

Both statutory and case law as well as regulations relating 
directly to  water quality planning and management 
have been enacted at the federal, state, and local levels 
of government to prevent and abate water pollution. 
In addition, particularly with respect to  state statu- 
tory law, there are legal considerations which relate 
to  the various institutional structures for areawide water 
quality management. 

This chapter, then, is intended to provide a brief over- 
view of the various federal, state, and local authorities 
affecting water quality management. It should be stressed 
that this area of the law is rapidly changing as new 
statutes, administrative rules, and court decisions are 
enacted, providing for greater protection of our water 
resources. Attention is first directed at federal, state, and 
local authorities affecting water quality management, and 
then at private steps which may be undertaken for water 
pollution control. As a final section of this chapter, 
specific issues relating to implementation of the areawide 
water quality management plan are discussed. Through- 
out this chapter, emphasis is placed on discussions of 
statutory and case law in an effort to determine authority 
relating to  implementation of areawide water quality 
plans. In addition, a brief summary of the overall statu- 
tory mechanism is presented. 

In recognition of the importance to sound planning of 
an understanding of the legal and regulatory framework 
affecting plan implementation, the Southeastern Wis- 
consin Regional Planning Commission completed two 
companion analyses of existing law in southeastern Wis- 
consin. The findings of the initial legal study, conducted 
under the direction of the late J. H. Beuscher of the 
University of Wisconsin Law School, were set forth in 
the first edition of SEWRPC Technical Report No. 2, 
Water Law in Southeastern Wisconsin, published in 
January 1966. This initial water law study included an 
inventory of existing powers and responsibilities of the 
various levels and agencies of government involved in 

water resources management, as well as of the structure 
of public and private water rights which must necessarily 
be considered in the formulation of a comprehensive 
areawide plan. 

Because of the dynamic nature .of water law, including 
not only case law decisions but increasing intervention 
into the area of water law by both the U. S. Congress and 
the Wisconsin State Legislature, the Commission updated 
the findings of the legal study set forth in SEWRPC Tech- 
nical Report No. 2. The results of this updated study of 
water law have been set forth in the second edition of 
SEWRPC Technical Rewort No. 2. Water Law in South- - - 

eastern Wisconsin, published in April 1977 and prepared 
as a part of the areawide water quality planning and 
management program. The reader is urged to consult 
this report's extensive discussion of private and public 
water rights including the following areas: legal classifica- 
tions of water, principal divisions of water law including 
riparian and public rights law, groundwater law and 
diffuse surface water law, and authority of local govern- 
ments to construct water control facilities. An under- 
standing of the above topics provides a base with which 
to initiate a discussion of the federal, state, and local laws 
and regulations necessary for the implementation of an 
areawide water quality management plan. 

In subsequent planning programs for the Fox, Menomo- 
nee, and Milwaukee River watersheds, the Commission 
summarized the legal factors bearing upon the water- 
related problems of the respective watersheds, updating 
as necessary the pertinent aspects of statutory and 
administrative law presented in the original water law 
report. These summaries are set forth in Chapter XIV 
of SEWRPC Plannine Rewort No. 12. A Com~rehensive - -  - 

Plan for the Fox ~ i v e i  watershed, ~ o l i m e  0ne;lnventory 
Findings and Forecasts, April 1969; Chapter XV of 
SEWRPC Planning Report No. 13, A Comprehensive Plan 
for the Milwaukee River Watershed, Volume One, Inven- 
tory Findings and Forecasts, ~ecembe r  1970; chapter X 
of SEWRPC Planning Report No. 26, A Comprehensive 
Plan for the Menomonee River Watershed, Volume One, 
Inventory Findings and Forecasts, October 1976; and 
Chapter VII of SEWRPC Planning Report No. 16, 
A Regional Sanitary Sewerage System Plan for South- 
eastern Wisconsin, February 1974. 

It is important to  note that sound areawide water quality 
and management planning can only be properly con- 
ducted within the framework of an areawide land use 
plan. The second report dealing with the legal aspects 
of planning and plan implementation in southeastern 
Wisconsin was a survey of existing planning law also 
conducted for the Commission by Professor Beuscher 
and published in SEWRPC Technical Report No. 6, Plan- - 



ning Law in Southeastern Wisconsin, October 1966. As 
part of the areawide water quality planning and manage- 
ment effort, the Commission has updated this study of 
planning law, and the results have been set forth in the 
Second Edition of SEWRPC Technical Report No. 6, 
Planning Law in Southeastern Wisconsin, April 1977. 
This report deals with the specific powers for local and 
regional planning and plan- implementation, primarily 
with respect to  land use planning. 

FEDERAL WATER QUALITY MANAGEMENT 

The federal government has long been involved in water 
quality management efforts, although it is only in rela- 
tively recent years that the U. S. Congress has acted to 
secure the establishment of water use objectives and 
supporting standards for navigable waters. The 1899 
Refuse Act prohibited the discharge of any refuse matter 
of any kind, other than that flowing from streets and 
sewers, into any navigable waters of the United States, 
or tributaries thereto, without first obtaining a permit 
from the Secretary of the Army. The Secretary was 
directed to  make a specific finding that the discharge of 
any refuse matter would not adversely affect anchorage 
and navigation; however, no finding on water quality 
was required. This act and the permits issued thereunder 
were largely ignored until enactment of the National 
Environmental Policy Act of 1969, which required all 
federal agencies to consider the environmental impact 
in the administration of all public laws, and the Water 
Quality Improvement Act of 1970, which required 
applicants for federal permits to file a certification from 
the appropriate state that the proposed discharge would 
not violate any applicable state-adopted water quality 
standard. The remainder of this section will include 
a discussion of those federal authorities affecting water 
quality management and areawide plan implementation 
for both point and nonpoint sources of pollution. 

The Federal Water Pollution Control 
Act Amendments of 1972 (FwPcA) 
The original Federal Water Pollution Control Act (FWPCA) 
was enacted into law in 1948, but in 1972 and 1977 it 
underwent significant alteration through a series of 
comprehensive amendments? In instituting these changes 
to the Act, Congress set as its objective: 

To restore and maintain the chemical, physical 
and biological integrity of the nation's ~ a t e r s . ~  

In seeking to fulfill that objective the Congress set as 
a national goal the elimination of all discharges of pollu- 
tants into the nation's navigable waters by 1985, and an 
interim water quality goal providing for waters suitable 

' USCA Sec. 1251 e t  seq., 86  Stat. 816. The 1977 amend- 
ment later offered, as the short title of the Federal Water 
Pollution Control Act, as amended, the title "Clean Water 
Act, " or "CWA. " 

for the support of indigenous populations of fish, shell- 
fish, and other aquatic life and for the support of water- 
based recreation by 1983 wherever attainable. The latter 
goal is sometimes characterized as calling for "fishable 
and swimmable" waters. The 1972 Act also provided- 
through an elaborate scheme under five broad titles-the 
mechanisms and incentives for reaching these ambitious 
goals. The first of these five titles contains the goals and 
objectives, along with provisions for grants for various 
research and related programs. Title I1 provides for 
assistance to the individual states and their local units 
of government in developing and implementing waste 
treatment management plans and practices and it  author- 
izes federal grants for the construction of treatment 
works. Title I11 enumerates various procedures and time 
deadlines for the establishment of water quality standards 
and effluent limitations. It additionally requires various 
review and monitoring processes for the program and 
provides the basis for federal enforcement. Title IV deals 
with permits and licenses, setting in place the National 
Pollutant Discharge Elimination System, which is one of 
the primary control and implementation mechanisms. 
Authorization is also given here for the individual states 
to administer the permit program if the state program is 
federally approved. Wisconsin has had its permit program 
approved and a discussion of the procedures under the 
state program follows later in this chapter. And finally, 
Title V contains general provisions for administrative 
and judicial review. 

Point Source Discharges: The regulatory framework 
contained within the FWPCA is designed to have an 
impact on two major classes of point source dischargers. 
A point source is defined in the Act as: 

any discernible, confined and discrete convey- 
ance, including but not limited to any pipe, 
ditch, channel, tunnel, conduit, well, discrete 
fissure, container, rolling stock, concentrated 
animal feeding operation, or vessel or other 
floating craft, from which pollutants are or 
may be discharged. 

Further distinction is made between those persons who 
discharge directly into navigable waters and those who 
discharge into publicly owned treatment works. 

Water Quality Standards and Effluent Limitations: Since 
1965 the FWPCA has required states to adopt water 
use objectives and supporting water quality standards 
for all interstate waters. The Act as revised in 1972 
incorporates by reference in Section 303(a) all existing 
interstate water quality standards that have been 
approved by the Administrator of the Environmental 
Protection Agency (EPA). In addition, the Act provides 
for adoption of intrastate water use objectives and 
supporting water quality standards and submittal of 
such objectives and standards to the EPA for approval. 
Wisconsin, through the Natural Resources Board and 

sec.  101 (a). 



the Department of Natural, Resources, has adopted 
interstate and intrastate water use objectives and sup- 
porting water quality standards. These standards as they 
relate to  the streams and watercourses of southeastern 
Wisconsin are presented in detail later in this chapter. 
Under the FWPCA, state governors are required to  hold 
public hearings at least every three years for the purpose 
of reviewing the adopted water use objectives and sup- 
porting water quality standards and, in light of such 
hearings, appropriately modify and readopt such objec- 
tives and standards. 

In addition, Sections 301 and 302 of the Act require the 
establishment of effluent limitations and water quality- 
related effluent limitations. Section 301 establishes 
a deadline of July 1, 1977 for the enactment of specific 
effluent limitations for all point sources of water pollu- 
tion other than publicly owned treatment works. Such 
limitations must relate to the type of pollution source 
and must require the application of the "best practicable 
water pollution control technology currently available," 
as defined by the EPA ~dministrator .~ Any waste source 
which discharges into a publicly owned treatment works 
must comply with applicable pretreatment requirements 
also to be established by the EPA Administrator. All 
publicly owned treatment works in existence on July 1, 
1977 must meet effluent limitations based upon a secon- 
dary level of treatment, as defined by the EPA Adminis- 
t r a t ~ r . ~  Any waste treatment plants constructed with 
federal grant funds after June 30, 1974 must apply the 
"best practicable waste treatment technologyv6 over the 
life of the works. In addition to  these requirements based 
on generally achievable technology, any more stringent 
effluent limitations necessary to meet water quality 
standards are also required to  be met under the provisions 
of Section 301. The 1977 amendments authorize the 
EPA Administrator to grant to an industrial discharger 
an extension to  the July 1,1977 deadline-established in 
the 1972 amendments-to not later than April 1 ,  1979. 
The conditions of this extension include: 1) that good 

The EPA issues guidelines for the "best practicable con- 
trol technology currently available" on an industry-by- 
industry basis. For a complete description of the "best 
practicable control technology currently available" and 
a list o f  those industries for which such standards have 
been promulgated see 40  CFR 401 -460. 

5 ~ h e  EPA definition of secondary treatment is found in 
Volume 41, Federal Register 30.788 (1976). Generally, 
secondary treatment refers to that level of treatment 
resulting in an effluent quality o f  less than 30 mg/l 
o f  five-day biochemical oxygen demand and 30 mg/l 
o f  suspended solids and 85 percent removal of those 
substances based on a monthly average of samples 
analyzed daily. 

'The "best practicable waste treatment technology" 
Is described by the EPA in Alternative Waste Manage- 
ment Techniques for Best Practicable Waste Treatment, 
Technical Information Report, U. S. Environmental 
Protection Agency, 1974. 

faith be demonstrated on the part of the industrial dis- 
charger; 2) that commitments be made by the discharger 
to achieve compliance by April 1 ,  1979; and 3) that the 
required facilities be under construction. Municipal 
treatment works may receive an extension of the July 1, 
1977 deadline to not later than July 1,  1983. Required 
conditions for granting the extension include a lack of 
available federal construction assistance or a demonstra- 
tion that construction cannot be completed within the 
specified timing of the Act. 

The 1977 amendments made several significant modifi- 
cations to  the provisions of the 1972 amendments, 
which required point sources of water pollution other 
than publicly owned treatment works to  achieve by 
1983 the levels of control associated with the "best 
available technology economically achievable." Congress 
deferred the deadline established in the 1972 amend- 
ments to  July 1 ,  1984- 12-month extension--and 
classified pollutants into one of three categories: "toxic" 
pollutants, "conventional" pollutants, and "nonconven- 
tional" pollutants-categories which are to be defined 
by the U. S. EPA through the establishment of lists of 
pollutants. Section 307 directs the Administrator to  
promulgate the "best available technology economically 
achievable" effluent limitations for 21 basic industries 
covering 65 specific toxic pollutants by July 1, 1980.' 
Section 301 directs that all nonmunicipal toxic pollutant 
dischargers must apply by July 1, 1984 the "best avail- 
able technology economically achievable." The term 
"conventional pollutants" is defined in Section 304(a)(4) 
to  include biological oxygen demand, suspended solids, 
fecal coliform and pH (hydrogen ion concentration). This 
list may be enlarged by the Administrator. Point source 
dischargers other than publicly owned treatment works 
must apply by July 1,1984 the "best conventional pollu- 
tant control te~hnology."~ The EPA Administrator is 
directed to complete by July 1 ,  1980 the issuance of the 
definitions of the best conventional pollutant control 
technology. All pollutants other than those classified as 
toxic pollutants or conventional pollutants are placed in 
the category labeled nonconventional pollutants. The 
deadline for achieving the "best available technology 
economically achievable" for nonconventional pollutants 
is not later than three years after the date for which the 

'The EPA issues guidelines for the "best available tech- 
nology economically achievable" on an industry-by- 
industry basis. For a complete description of the "best 
available technology economically achievable" and a lsit 
o f  those industries for which such standards have been 
promulgated see 4 0  CFR 401-460. In the 1977 amend- 
ments, Congress formalized the settlement derived from 
the case of Natural Resources Defense Council v. Train 
which committed the EPA to promulgate "best available 
technology economically achievable" guidelines for 
21 basic industries covering 65  specific toxic pollutants. 

 he term "best conventional pollutant control tech- 
nology" will be defined and applied in future EPA 
regulations. 



pertinent effluent limitations are established, or not later 
than July 1, 1984, whichever is later, but in no event 
later than July 1 ,  1987. The Administrator must issue 
effluent guidelines establishing the "best available tech- 
nology economically achievable" for nonconventional 
pollutants on an industry-by-industry basis. 

By July 1,1983 all publicly owned treatment works must 
be applying the "best practicable waste technology" over 
the life of the works. Section 301 provides that any 
effluent limitation established to  meet the July 1, 1983 
or July 1, 1984 goals must be reviewed every five years 
and, if necessary, revised to  implement the national goal 
of eliminating the discharge of all pollutants. The 1977 
amendments authorize the Administrator to promulgate 
regulations supplemental t o  any effluent limitations 
specifying the best management practices to control plant 
site runoff, spillage or leaks, sludge or waste disposal, and 
drainage from raw material storage that the Adminis- 
trator determines are associated with the industrial 
manufacturing or treatment process with a class or cate- 
gory of industrial point sources contributing significant 
amounts of such pollutants to  navigable ~ a t e r s . ~  

Section 302 of the Act provides the EPA Administrator 
with the authority to set even more stringent effluent 
limitations for point sources or groups of point sources 
of water pollution upon a finding that the effluent 
limitations established under Section 301 relating to 
the 1984 goals would not result in the attainment or 
maintenance of a water quality which would protect 
public water supplies, accommodate agricultural and 
industrial uses and the protection and propagation of 
a balanced fish and wildlife population, and allow human 
recreational activities in and on a specific portion of the 
navigable waters. No authority is given in this section to  
the states, indicating that upon specific findings the 
EPA Administrator can apply direct federal action to  
assure the achievement of water use objectives and 
supporting water quality standards. Before such direct 
federal effluent limitations can be set, however, the 
balance between the economic and social benefits and 
costs of such limitations must be determined at  an 
administrative hearing. 

As part of the continuing state planning process discussed 
below, each state is required by Section 303(d) of the 
Act to  identify any waters within its boundary for which 
effluent limitations required under Section 301 are not 
stringent enough to achieve applicable adopted water use 
objectives and supporting water quality standards. The 
state is then required to  establish a priority ranking for 
such waters taking into account the severity of the 
pollution and the uses proposed to  be made of the 
waters. For each such identified water, the state is then 
to establish a total maximum daily load for appropriate 
pollutants. Such a daily load is to  be established at a level 
necessary t o  implement the water quality standards. 
Any loadings for such waters, as approved by the EPA 

Administrator, are required to be incorporated into the 
state water quality continuing planning process required 
under Section 303(3) of the Act. 

Section 306 of the Act provides national standards of 
performance with respect to  the discharge of pollutants. 
The EPA Administrator is required to publish a list of 
categories of pollution sources and regulations establish- 
ing federal standards of performance for newly estab- 
lished sources of pollution within each industrial category. 
The term "standard of performance" is defined to  mean: 

a standard for the control of the discharge of 
of pollutants which reflects the greatest degree 
of effluent reduction which the Administrator 
determines to  be achievable through the appli- 
cation of the best available demonstrated water 
pollution control technology, processes, oper- 
ating methods, or other alternatives, including, 
where practicable, a standard permitting no 
discharge of pollutants.10 

In essence, then, this section requires the establishment 
of national levels of performance with respect to new 
sources of water pollution within industrial categories, 
new sources being defined as: 

any source the construction of which is com- 
menced after the publication of proposed regu- 
lations presenting a standard of performance 
under this section which will be applicable to 
such source." 

Thus, for example, any newly established firm processing 
dairy products would be required to  meet the same 
standard of performance with respect to the discharge 
of water pollutants anywhere in the United States irre- 
spective of the assimilative capacity of the receiving 
water body. The practical effect of this section is to 
eliminate "shopping around" on the part of industries 
for specific locations in the country which may be able 
to require less stringent water pollution control standards 
than other areas because of the availability of a large 
dilution potential. The Administrator may delegate to  
each state the authority for applying and enforcing the 
national standards of performance. 

Section 307 of the Act requires the EPA Administrator 
to  establish toxic and pretreatment effluent standards. 
The Administrator must publish a list of the 65 pollu- 
tants that are deemed by the U. S. Congress to be toxic, 
and subject to Section 307, and subsequently to  publish 
proposed effluent limitations which may include a dis- 
charge prohibition for such pollutants. From time to 
time, the Administrator may revise the toxic pollutants 
list. In addition, the Administrator is required to  establish 
national pretreatment standards for the discharge of 
pollutants into publicly owned treatment works. The 

lo  See. 306(a)(l). 

l 1  See. 306(a)(2). 



standards must cover pollutants that are not susceptible 
to treatment at the public facility or that would interfere 
with the proper operation of the public facility. Any 
state or local pretreatment requirements that are not 
in conflict with any national pretreatment standards are 
allowed to remain in effect. This section also specifies 
that individual industrial users of municipal waste treat- 
ment plants are not required to  obtain a discharge permit 
under Section 402 of the Act, as discussed below. Any 
discharge permit issued to a municipal waste treatment 
plant must, however, identify industrial contributors 
and the quality and quantity of effluent introduced by 
them. This section of the Act further provides that any 
violation of pretreatment standards may be subject to 
enforcement actions undertaken by the EPA Adminis- 
trator directly against the contributor. Finally, industrial 
users must give notice of any change in the quality or 
quantity of the effluent discharged into a municipal 
sewerage system to the state or federal agency issuing 
a permit for a publicly owned treatment works so that 
that agency will have an opportunity to  examine the 
impact of the proposed discharge so as to  determine 
whether there might be a violation of the municipal 
waste discharge permit. 

Section 308 of the Act requires the EPA Administrator, 
or a state upon approval of the EPA Administrator, to  
establish an effective monitoring system related to all 
point sources of pollution. Owners or operators of any 
point source, whether discharging directly to surface 
waters or into a municipal sanitary sewerage system, must 
establish and maintain records; make reports; install, 
maintain, and use monitoring equipment or methods; 
provide sampling of effluents in a manner prescribed by 
the EPA or the state; and provide any other relevant 
informaticon that may be required. 

With respect to water quality standards and effluent 
limitations, Section 304 of the Act grants to the EPA 
Administrator the authority to  develop and publish 
appropriate guidelines applicable to  the establishment 
of the aforementioned water quality standards and 
effluent limitations. These guidelines are to  address 
the follovving: 

1. Criteria for the biological, physical, and public 
health considerations of water quality. 

2. Ir~formation on factors necessary to restore and 
maintain the chemical, physical, and biological 
integrity of all navigable waters; on the factors 
necessary for the protection and propagation of 
fish life and for recreational activities in and on 
the waters; on the measurement and classification 
of water quality; and on the identification of 
pollutants suitable for maximum daily load 
measurement correlated with the achievement 
of water quality objectives. 

3. Guidelines for adopting or revising effluent 
limitations. 

4. Information on the degree of effluent reduction 
attainable through the application of secondary 
waste treatment or alternative waste treatment 
management techniques and systems; and on the 
nature and extent of nonpoint sources of pollu- 
tion and control of such sources. 

5. Wastewater pretreatment guidelines. 

6. Test procedures for the analysis of pollutants. 

7. Uniform application forms and other minimum 
requirements for the acquisition of information 
from owners and operators of point sources 
of pollution. 

8. Minimum procedural and related elements of 
any state permit program for waste discharges 
including monitoring, reporting, and enforce- 
ment provisions. 

Pollutant Discharge Permit System: As noted earlier, 
Title IV of the Federal Water Pollution Control Act 
Amendments deals with permits and licenses. Section 402 
established a National Pollutant Discharge Elimination 
System. Under this system, the EPA Administrator, or 
a state upon approval of the EPA Administrator, may 
issue permits for the discharge of any pollutant or com- 
bination of pollutants. In effect, this section supersedes 
the permit system established but little utilized for water 
quality purposes under the Refuse Act of 1899. All 
permits for the discharge of pollutants are now issued 
under the Federal Water Pollution Control Act, and no 
longer are any to be issued under the Refuse Act. All 
permits must contain conditions on data and information 
collection and reporting. In essence, this section provides 
that all dischargers discharging wastes into navigable 
waters must obtain a federal permit, or a state permit 
where such authority is delegated t o  the state. 

In order for the EPA Administrator to authorize a state 
to issue permits, the state must submit a proposed permit 
program showing the necessary capability. The EPA 
Administrator must approve a state permit program 
unless he finds that the state does not have authority to  
adequately carry out all requirements of the Federal 
Water Pollution Control Act. One intent of the permit 
system is to set forth, where appropriate, a schedule of 
compliance dates by which various requirements shall 
be achieved. 

Section 401 of the Act provides that any applicant for , 
federal approval for the construction or operation of 
facilities which may result in any discharge into navigable 
waters must provide the federal licensing or permit 
agency with a state certification that the discharge will 
comply with all provisions of the FWPCA. In addition, 
such state certification must set forth any effluent limita- 
tions or monitoring requirements necessary to  assure 
compliance with the Act, as well as any additional state 
requirements. All such limitations or requirements set 
forth in the state certification automatically become 
conditions of any federal license or permit. 



Section 405 of the Act prohibits the disposal of sewage 
sludge in any manner which would result in pollutants 
entering the navigable waters of the United States except 
in accordance with a special permit issued by the EPA 
Administrator. The Administrator is required to promul- 
gate regulations governing the issuance of permits for 
sewage sludge disposal. Any state may administer its own 
permit program for the disposal of sewage sludge upon 
approval of the EPA Administrator. 

Two major areas of federal control over a state-admin- 
istered permit process have been retained. The first 
allows the EPA within 90 days of its notification of 
the application for a permit, or within 90 days of the 
date of transmittal of the proposed permit itself, to  
object in writing to  the issuance of such permit. If the 
EPA Administrator elects that course of action, no 
permit shall be issued. The second check upon the 
state permit program, and the more significant one, 
allows the EPA Administrator to withdraw the program 
authorityafter a public hearing notifying the state 
and after a 9Oday period for corrective action-if the 
state is not fulfilling its program obligations. 

Enforcement: The major enforcement provisions of the 
PWPCA are found in Section 309. If the EPA Adminis- 
trator finds that any person is in violation of Sections 
301, 302, 306, 307, 308, 318, or 405 of the Act or is in 
violation of any permit conditions or limitations which 
implement any of these sections in a permit issued under 
Section 402 of this Act by EPA or by a state, he shall 
issue an order requiring such person to comply with such 
sections or requirement.'* An individual who violates an 
order of the Administrator will be subject to a civil 
penalty not to exceed $10,000 per day of violation. 

The alternative t o  the issuance of an order is to seek 
permanent or temporary injunctive relief for any viola- 
tions of the sections listed above. Separate penalties of 
not less than $2,500 nor more than $25,000 per day 
of violation or imprisonment for up to a year may be 
imposed on persons who willfully or negligently violate 
permit conditions or limitations. 

Inspections and Monitoring: In order to assist in meeting the 
objectives of the Act and the development of any of the 
previously discussed standards, as well as for the p-urposes 
of ascertaining whether any person is in violation of the 
standards, the owner or operator of any point source 
discharge may be required to implement certain moni- 
toring processes and keep certain records and specific 
information on the operation. In addition, Section 308 
of the FWPCA grants the EPA Administrator, or author- 
ized representative, the right to  entry and inspection 
of premises where an effluent source is located. For 
example, a state has such rights under the Act if the 
Administrator finds that its procedures for monitoring, 
inspection, and entry are comparable to  those of the 
Environmental Protection Agency. 

l2  Sec. 309. 

324 

Continuing Statewide Water Quality Management Plan- 
ning Process: The Federal Water Pollution Control Act " 
provides in Section 303(e) that each state must have 

continuing planning prdckss consistent with the objec- 
tives of the Act. States are required to  submit a proposed 
continuing planning process to the EPA Administrator 
for his approval. The Administrator is prohibited from 
approving any state discharge permit program for any 
state which does not have an approved continuing plan- 
ning process under Section 303(e). The state continuing 
planning process must result in water quality manage- 
ment plans for the navigable waters within the state 
which include at least the following items: effluent 
limitations; compliance schedules; elements of any area- 
wide water quality plan; maximum daily loads for all 
waters where Section 301 effluent limitations are not 
sufficient to  meet water quality standards; adequate 
authority for intergovernmental cooperation; imple- 
mentation schedules; residual waste disposal; and an 
inventory and priority ranking of waste treatment works 
construction needs. 

In effect, the Section 303(e) state planning process calls 
for the preparation of comprehensive water quality 
management plans for natural drainage basins or water- 
sheds. Such basin plans, however, are likely to be less 
comprehensive in scope than the comprehensive plans 
prepared for the Root, Fox, Milwaukee, and Menomonee 
River watersheds by the Southeastern Wisconsin Regional 
Planning Commission. The 303(e) basin plans are to  
incorporate, as appropriate, any metropolitan or regional 
plans on specific facility development, such as the regional 
sanitary sewerage system plan. In addition, such basin 
plans should reflect appropriate findings and recom- 
mendations of any comprehensive-"Level B"-basin plan 
prepared by the Water Resources Council under the 
federal Water Resources Planning ~ c t ? ~  In fulfillment of 
these requirements, the Wisconsin Department of Natural 
Resources, Environmental Standards Division published 
in Julv 1975 the Southeastern Wisconsin River Basins 
water "~ual i ty  Management Basin Plan as a supplement to  

' 

the regional sanitary sewerage system plan. 

l3  The structure o f  these federal water quality planning 
requirements was apparently conceived on the basis o f  an 
"idealized" development pattern consisting o f  a single 
sanitary sewer service area served by  a single sewage treat- 
ment plant, the service area being wholly located within 
a larger single hydrologic drainage basin. This conceptual 
model does not fit the Southeastern Wisconsin Region at  
all. The application o f  these laws and guidelines becomes 
far more complex in this Region, where entire watersheds 
and portions o f  other watersheds fall within the larger 
sanitary sewer service area o f  the Milwaukee-Metropolitan 
District and where sanitary sewer service areas and even 
storm water drainage patterns frequently cross watershed 
divides and serve multiple communities, and may have 
the existing capability to drain to more than one sewage 
treatment plant. 



Thus, the statewide planning process of Section 303(e) is 
envisioned largely as an integration of the various basin, 
watershed, and regional planning elements prepared 
throughout the state by federal, state, regional, and local 
units and agencies of government. This state planning 
process should also become the vehicle for coordinating 
all state and local activities directed at securing com- 
pliance with the requirements of the Federal Water 
Pollution Control Act. 

Areawide Waste Treatment Planning and Management: 
Title I1 of the Federal Water Pollution Control Act, as 
amended, deals broadly with federal grants for the don- 
struction of waste treatment works. One of the major 
provisions in this title is found in Section 208 and deals 
with the development and implementation of areawide 
waste treatment management plans such as the plan 
described in this report. Such plans are to be the basis 
for EPA approval of grants to local units of government 
for the construction of waste treatment works. Sec- 
tion 208 and the supporting regulations call for a formal 
review by each state governor of the boundaries suitable 
for areavride water quality planning, and for the formal 
designation of these areas and of the agencies to  conduct 
the planning. The designation process includes formal 
hearings, public notification, and local comment. If the 
governor does not act either by designating-or affirma- 
tively determining not to  designate-Section 208 planning 
areas, the chief elected officials of local governments 
within a metropolitan area may take the initiative and 
by agreement designate boundaries for a Section 208 
planning area and further designate an appropriate 
planning agency. In either case, the EPA Administrator 
must approve all designations of Section 208 planning 
areas and planning agencies. The state is required to  act 
as the planning agency for any portion of a state not 
formally designated as a Section 208 planning region. 

Within one year after the date of designation of any 
planning organization to conduct Section 208 areawide 
waste treatment planning, the planning agency must 
have in operation an approved continuing, areawide 
waste treatment management planning process consistent 
with the! objectives of the federal grant program for 
waste treatment works construction. The agency must 
prepare an areawide waste treatment management plan 
for the region and submit such plan to the governor. The 
governor must then certify the plan and submit it to  the 
EPA Administrator no longer then two years after the 
planning process is placed into operation. 

The areawide plan prepared under the Section 208 plan- 
ning process and documented in this report is required 
to include and identify at least the following elements: 

1. Identification of the waste treatment works 
necessary to meet the anticipated municipal and 
industrial waste treatment needs for the area 
f'or a 20-year period. This identification must 
include an analysis of alternative waste treatment 
s,ystems, an identification of any requirements for 
the acquisition of land for treatment purposes, 

the identification of any necessary waste water 
collection and urban storm water drainage sys- 
tems, and the development of a program to 
provide the necessary financial arrangements for 
the development of any treatment works. The 
1977 amendments add the requirement to iden- 
tify open space and recreation opportunities that 
can be expected to result from improved water 
quality including potential use of lands associated 
with treatment works and increased access to  
water-based recreation. 

2. Establishment of construction priorities and time 
schedules for all treatment works included in 
the plan. 

3. Establishment of a regulatory program to  provide 
for the location, modification, and construction 
of any facilities within the planning area which 
may result in pollutant discharges and to ensure 
that any industrial or commercial wastes dis- 
charged into any treatment works meet applicable 
pretreatment requirements. 

4. Identification of all agencies necessary to  con- 
struct, operate, and maintain the facilities included 
in the plan and to otherwise carry out the recom- 
mendations in the plan. 

5. Identification of all measures necessary to  carry 
out the plan, including identification of the 
means of financing; the period of time necessary 
to carry out the plan; the cost of carrying out 
the plan; and an assessment of the economic, 
social, and environmental impact of carrying 
out the plan. 

6. Identification of agricultural- and silvicultural- 
related nonpoint sources of pollution and the 
procedures and methods, including land use 
controls necessary to control to  the maximum 
extent feasible such pollution sources. 

7.  Identification of mine-related sources of pollu- 
tion, construction-related sources of pollution, 
and salt water intrusion, and the methods and 
procedures to  control to the maximum extent 
feasible such pollution sources. 

8. Recommendations for the control of the dis- 
position of all residual wastes generated in the 
planning area which may affect water quality, 
such as sludge. 

9. Identification of a process to control the dis- 
posal of pollutants on land or in subsurface 
excavations. l4 

l4 These requirements are found in Section 208 of the 
Act and 40 CFR 131.1 l (J) .  



All areawide waste treatment management plans must be 
updated annually and certified annually by the governor 
to  the EPA Administrator as being consistent with any 
applicable basin plans prepared under Section 303(3) of 
the Act. 

At the time an areawide waste treatment management 
plan is submitted by the governor to  the EPA Admin- 
istrator, the governor must designate, after consultation 
with the appropriate areawide planning agency, one or 
more waste treatment management agencies t o  carry 
out the plan. Once a waste treatment management agency 
having appropriate authority has been so designated, and 
once a Section 208 areawide waste treatment manage- 
ment plan has been approved by the EPA Administrator, 
the Administrator is prohibited from issuing any federal 
grant for the construction of a publicly owned treatment 
works except to the designated management agency and 
for treatment works found to be in conformity with the 
areawide plan. In addition, no permit may be issued 
under Section 402 of the Act for any point source 
of water pollution found to be in conflict with any 
approved Section 208 plan. 

Section 208(j) of the Act was created by the 1977 
amendments to provide for a system of agricultural cost- 
sharing for the purpose of installation and maintenance 
of measures incorporating the best management practices 
to  control nonpoint souce pollution for improved water 
quality in those areas with certified plans. Practices are 
to be consistent with adopted 208 plans. The Secretary 
of Agriculture acting through the U. S. Soil Conservation 
Service is authorized to  enter into agreements of not 
less than five nor more than 10 years with owners and 
operators having control of rural lands. The landowner 
or operator shall agree to  the following: 

1. To implement a plan approved by the local soil 
conservation district; 

2. To forfeit any rights to further payments or 
grants upon violation of the contract at any stage; 

3. To forfeit all rights to further payments or grants 
and refund all payments or grants received upon 
transfer o'f his right and interest in the farm; and 

4. To refrain from practices which would tend to 
defeat the purposes of the contract. 

The Secretary of Agriculture shall provide technical 
assistance and authorize cost-sharing for those practices 
which he deems to be appropriate and in the public 
interest. The portion of cost including labor to be shared 
shall not exceed 50 percent of the total cost. However, 
the Secretary may authorize a greater percent of cost- 
sharing where he determines that : 

(1) the main benefits to be derived from the 
measures are related to  improved offsite water 
quality, and (2) the matching share require- 
ment would place a burden on the landowner 

which would probably prevent him from 
participating in the program.15 

The Secretary of Agriculture must give priority to  those 
areas and sources which have the most significant effect 
on water quality. In addition, the Secretary is directed, 
where practicable, to  enter into agreements with local 
soil conservation districts, state soil and water conserva- 
tion agencies, or state water quality agencies to  administer 
all or part of the program. Finally, $200 million and 
$400 million were authorized t o  be appropriated for 
fiscal years 1979 and 1980, respectively, to carry out 
this program. 

Federal Grants for Waste Treatment Works Construction: One of 
the basic goals of the Federal Water Pollution Control 
Act is to provide for federal funding of publicly owned 
waste treatment works. As noted above, the Act requires 
that such funding be based upon an approved areawide 
waste treatment management plan designed to provide 
for control of all point and nonpoint sources of water 
pollution. The Act further encourages at specific treat- 
ment works waste treatment management which provides 
for the recycling of potential pollutants through the 
production of agriculture, silviculture, or aquaculture 
products for revenue; the confined and contained dis- 
posal of any pollutants not recycled; the reclamation 
of wastewater; and the ultimate disposal of sludge in 
an environmentally safe manner. 

Section 201 of the Act provides that the EPA Adminis- 
trator cannot approve any grant after July 1, 1973, unless 
the applicant demonstrates that the sewage collection 
system discharging into the sewage treatment facility is 
not subject to  excessive infiltration or clear water inflow. 
Special grants for the evaluation of clear water problems 
in sewer collection systems are to  be made available under 
new guidelines to be published by the Administrator. 

Section 201 prohibits the Administrator from issuing 
any grants for any fiscal year beginning after Septem- 
ber 30, 1978 unless the grant applicant satisfactorily 
demonstrates that he has fully studied and evaluated: 

innovative and alternative wastewater treat- 
ment processes and techniques which provide 
for reclaiming and reuse of water, otherwise 
eliminate the discharge of pollutants, and 
utilize recycling techniques, land treatment, 
new-pr improved methods of waste treatment 
management for municipal and industrial waste 
(discharged into municipal systems) and the 
confined disposal of pollutants, so that pollu- 
tants will not migrate to cause water or other 
environmental pollution. . . . 16 

l 5  Sec. 208(j)(2). 



In addition, the 1977 amendments add the requirement 
that grant applicants must analyze the potential recrea- 
tion and open space opportunities in the planning of 
proposed treatment works. 

Federal funding for waste treatment grants has been 
set at 75 percent of the construction costs. Grants of 
85 percent were provided by Section 202(a)(2) for those 
treatment works utilizing innovative or alternative waste- 
water treatment processes and techniques. In addition, 
the 1977 amendments specify that at  least 25 percent 
of the funds allocated to a state each year shall be applied 
to  pipe-related projects including sewer rehabilitation, 
collectors and interceptors and the correction of com- , 

bined sewer overflows. The Federal Water Pollution 
Control Act authorizes contract authority whereby the 
Administrator may commit the federal government to  
payment of its portion of the treatment facility at the 
time of approval of plans, specifications, and estimates. 
In previous years, the first payment of a federal grant to  
a municipality occurred when 25 percent of the actual 
construction of the facility was completed. Under this 
program, which is modeled after the Federal Highway 
Act, each stage in the construction of a waste treatment 
facility may be considered as a separate project. An 
applicant for a grant may stage in any manner the overall 
project and prepare plans, specifications, and estimates 
for each stage. Actual payment may be based upon 
approval of such plans, specifications, and estimates for 
each stage. 

Various limitations and conditions on any federal waste 
treatment work grant are set forth in Section 204 of the 
Act. As noted, any treatment works proposed to be 
funded must be included in any Section 208 areawide 
waste treatment management plan and must conform 
with any applicable state plan developed under Sec- 
tion 303(3). Furthermore, the state must certify that 
the works to  be funded are entitled to  priority over other 
works in the state. In addition, the size and capacity of 
the works must relate directly to the specific needs to 
be served by the works, accounting for sufficient reserve 
capacity. Finally, the applicant must adopt a system of 
user charges to assure that each recipient of waste treat- 
ment services will pay a proportionate share of the 
operation and maintenance costs, including replacement 
costs, of any waste treatment services provided, and 
that industrial users of the treatment works will pay 
to the applicant at least the federal share of the cost of 
that portion of the construction of the works which 
is allocable to  the treatment of industrial wastes. 

The EPA has published guidelines to be used by local 
governments in setting up schedules of service charges 
for industrial and other users of waste treatment works. 
Such guidelines establish classes of users; criteria against 
which to  determine the adequacy of charges imposed on 
all classes and categories of users reflecting all factors 
including strength, volume, and flow characteristics; and 
model systems of user charges. Of the amount recovered 
for industrial-related costs of treatment facilities, the 
applicant may retain that share which was not provided 
by federal grants-in-aid plus the portion needed for future 
reconstruction and expansion to a maximum of 50 per- 
cent of the recovered amount. Of the retained portion 
which is intended to be used by the grantee for future 
reconstruction and expansion, at least 80 percent must 
be placed in a federally insured account. The remaining 
20 percent may be used as the applicant sees fit. The 
1977 amendments exempt small users from the industrial 
cost recovery system by authorizing the Administrator to  
exempt from EPA requirements any industry with daily 
discharges of less than 25,000 gallons, provided wastes 
would not interfere with treatment processes or con- 
taminate sewage sludge. In addition, the Administrator 
was directed to  prepare a study for Congress, and a cor- 
responding 18-month moratorium on the application of 
cost recovery requirements was instituted.18 

Permits for Dredged or Fill Material: One major excep- 
tion outside the procedural framework for controlling 
discharges into the waters of the nation is the separate 
permit system administered by the U. S. Army, Corps 
of ~ n g i n e e r s ? ~  The Act delegates to the Secretary of the 
Army acting through the Chief of Engineers the authority 
to issue permits after having given notice and holding 
a public hearing for the discharge of dredged or fill 
material into the navigable waters at specified disposal 
sites. The disposal sites chosen must meet certain guide- 
lines established by the Administrator of the EPA who 
will consider among other things the effect on human 
health, marine life, and aesthetic, recreational, and 
economic values?' Final a proval for a specified disposal R site will reside in the EPA. That approval may be denied 
if it is determined that: 

the discharge of such material . . . would have 
an unacceptable adverse effect on municipal 
water supplies, shellfish beds and fishing areas 
(including spawning and breeding areas), wild- 
life or recreational areas." 

The 1977 amendments allow ad valorem tax schedules 
to be utilized as a method of imposing user charges 
among residential users provided that each class of user 
carries its proportionate share of operation and mainte- 
nance costs and that within the class of industrial users 
charges to  each user are proportionate to  its wastewater 
dischargeJ7 

" Sec. 204(b)(5). 

l8 Sec. 204(b)(6). 

l9  Sec. 404. 
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Before the Administrator makes this determination 
however, Section 404(c) requires that the Secretary 
of the Army be consulted, and furthermore that the 
Administrator set forth in writing the reasons for the 
final determinati~n?~ The 1977 amendments authorize 
states with EPA approval to  administer portions of the 
Section 404 permit program. In addition, the Corps of 
Engineers is authorized t o  issue general permits for terms 
not exceeding 10 years allowing minor activities to  
proceed without individual permits. 

In responding to the requirement for issuance of permits 
under this section, the Corps of Engineers has published 
interim final regulations designed to meet its mandate 
under the FWPCA. The new regulations extend the 
Corps' regulation of disposal of dredge and fill materials 
to waters not previously under its jurisdiction including 
wetlands and wholly intrastate waters. This is due to  the 
Congressional decision to assert federal jurisdiction over 
all waters of the United States. While these regulations 
are still subject to modification, their overall thrust and 
the Corps' enlarged mandate to  regulate the discharges of 
dredged or fill material in the nation's waters will clearly 
remain. Moreover, the FWPCA provides a checkoff to  the 
individual states over the permits issued by the Corps for 
discharges of dredged or fill material. Under Section 401 
of the FWPCA no permits may be issued unless the state 
has also granted a water quality certification. 

Nonpoint Source Pollution: The earlier discussion of 
Section 208 of the FWPCA indicated that the plans for 
areawide waste treatment must include certain proce- 
dures and methods for controlling nonpoint sources 
of pollution such as agricultural runoff. Only in the 
Section 208 planning requirement does the Act speak 
directly to nonpoint sources of pollution. Any 208 plan 
must include: 

a process to  (i) identify, if appropriate, agri- 
culturally and silviculturally related nonpoint 
sources of pollution, including runoff from 
manure disposal areas, and from land used for 
livestock and crop production, and (ii) set 
forth procedures and methods (including land 
use requirements) to  control to the extent 
feasible such sources.24 

Also identified as necessary plan elements are processes 
to  identify mine-related sources of pollution and con- 
struction activity-related sources of pollution, and 
a process to  control the disposition of residual waste 
which could affect water quality. In addition, Sec- 
tion 208 must include an identification of necessary 
urban storm water runoff systems. As stated earlier, 
the 1977 Amendments created an agricultural cost- 
sharing program directed toward improving water quality 

23 See. 404(c). 

24 See. 208(b)(2)(F). 

to be administered by the U. S. Department of Agricul- 
ture using certified 208 plans as the basis for prioritiza- 
tion, project selection, practices, design, and evaluation. 

Finally, Section 304(e) of the Act requires the Adminis- 
trator to  issue guidelines for identifying and evaluating 
the nature and extent of nonpoint sources of pollution. 
In addition, the Administrator is to  identify processes, 
procedures, and methods to control pollution resulting 
from agricultural, silvicultural, mining, and construction 
activities. Each state is required by Section 305(b)(i)(E) 
to  submit an annual report t o  the Administrator that 
includes a description of the nature and extent of non- 
point sources of pollution and recommendations of the 
programs and expenditures necessary to  control such 
sources of pollution. 

National Environmental Policy Act 
Perhaps the most far-reaching national legislation in 
recent years is the National ~ n k o n m e n t a l  policy Act of 
1969 (NEPA). This Act broadly declares a national policy 
to encourage a productive and enjoyable relationship 
between man and his environment; to promote efforts 
which will prevent or eliminate damage to the environ- 
ment; and to enrich the understanding of the ecological 
systems and natural resources important to the nation. 
This Act has broad application to any project requiring 
federal action, including the construction of sewerage 
facilities aided by federal grants. The mechanism to serve 
the intent of the National Environmental Policy Act of 
1969 is the preparation of an environmental impact 
statement (EIS) for a project. Such a statement must 
include documentation of the environmental impact of 
the proposed project; any adverse environmental effects 
which cannot be avoided should the project be con- 
structed; any alternatives to the proposed project; the 
relationship between local short-term uses of man's 
environment and the maintenance and enhancement 
of long-term productivity; and any irreversible and 
irretrievable commitments of resouces which would be 
involved in the proposed action should it be imple- 
mented. Draft copies of all environmental impact state- 
ments must be made available for review by appropriate 
federal, state, and local agencies and by the general 
public. As discussed later in this chapter, the State of 
Wisconsin has a similar environmental policy act covering 
governmental action of all kinds within the state, whether 
or not it is federally aided. 

The Federal Water Pollution Control Act as amended in 
1972 relates the provisions of that Act to  the National 
Environmental Policy Act of 1969. Section 511 of the 
Federal Water Pollution Control Act specifically exempts 
all actions of the EPA Administrator from the require- 
ments of the National Environmental Policy Act of 1969, 
except the issuance of federal grants for publicly owned 
treatment works as authorized by Section 201 of the 
Act, and the issuance of any permit under Section 402 
for the discharge of any pollutant by a newly established 
source as defined in Section 306. Thus, with but two 
exceptions-construction @ants for sewerage facilities, 
including sewage treatment plants, and discharge permits 
for new sources of pollution-all actions taken by the 



EPA Administrator under this Act are exempt from the 
preparation of environmental impact statements. Specific 
guidelines and procedures for the preparation of environ- 
mental impact statements for sewerage facilities and plans 
associated with such facilities are set forth in Title 40, 
Part 6, of the Code of Federal Regulations (40 CFR 
Part 6). These guidelines clearly distinguish between an 
environmental assessment, an environmental review, an 
environmental impact statement, a negative declaration 
of environmental impact, and an environmental impact 
appraisal, all being terms applying to specific govern- 
mental actions related to  the assessment of environ- 
mental impacts. 

An "environmental assessment" is defined by the EPA 
as a written analysis submitted to the EPA describing 
the environmental impacts of actions undertaken or 
proposed to be undertaken with the financial support 
of the EPA. An "environmental review" is defined by 
the EPA as a formal evaluation by the EPA to determine 
whether a proposed EPA actionsuch as approving an 
areawide sewerage system plan or a federal grant-in-aid 
for the construction of sewerage facilities-may have 
a significant impact on the environment. An "environ- 
mental impact statement" is defined by the EPA as 
a report prepared by the EPA which identifies and 
analyzes in detail the environmental impacts of a pro- 
posed EPA action. A "negative declaration of environ- 
mental impact" is defined by the EPA as a written 
announcement prepared subsequent to  the environmental 
review which states that the EPA has decided that the 
preparation of an environmental impact statement will 
not be necessary because the review determined that the 
proposed action will not significantly affect the environ- 
ment. An "environmental impact appraisal" is defined 
by the EPA as an abbreviated document containing 
a negative declaration of environmental impact. 

Section 208(2)(E) of the Federal Water Pollution Control 
Act of 1972 requires any areawide water quality man- 
agement plan to  include "the identification of . . . the 
economic, social and environmental impact of carrying 
out the plan . . . ." Such an assessment must be prepared 
by the designated planning agency and must include 
the following: 

1.  A description of the existing environment with- 
out the implementation of the water quality 
management plan alternatives. 

2. A description of the probable future environ- 
ment without the implementation of the water 
quality management plan alternatives. 

3. The sources of information used in the assessment. 

4. An evaluation of alternative elements of the plan. 

5. The environmental impacts of the proposed 
implementation of the water quality manage- 
ment plan. 

6. A description of the steps which will be used to 
minimize any adverse effects. 

Based upon this assessment, the EPA will be able to con- 
duct an environmental review and make a determination 
as to  whether or not an environmental impact statement 
is required. Should such a statement be required, the EPA 
itself is responsible for its preparation and circulation in 
draft and final forms. It is anticipated that any required 
environmental impact statements will be based in large 
part upon the locally prepared environmental assessments 
provided to the EPA. 

The Safe Drinking Water Act 
A bill enacted into law in late 1974 which parallels some 
aspects of the Federal Water Pollution Control Act of 
1972 is the Safe Drinking Water Under the provi- 
sions of the Act, the EPA and those states with federally 
approved programs are vested with the authority to  
regulate contaminants which may have an adverse effect 
on the health of persons who use public water systems. 
In addition, this Act provides a regulatory program to 
prevent the degradation of underground sources of water. 
The State of Wisconsin is currently seeking federal 
approval of the state safe drinking water program. 

Public water systems as defined under the federal statute 
include both privately and publicly owned systems which 
provide piped water to  the public for human consump- 
tion and have at least 15  service connections or regularly 
serve 25 individuals. These public water systems are 
subject to EPA regulations restricting contaminant levels 
in water supplies. Contaminants which are restricted are 
those which adversely affect human health a t  given levels 
of concentration. The end result of this regulatory 
process will be the establishment of maximum con- 
taminant levels or the use of treatment techniques for 
each contaminant of the drinking water which may affect 
the health of the consuming public. States may be 
granted primary enforcement responsibility if they adopt 
regulations that are as stringent as those posited by the 
Environmental Protection Agency and exhibit adequate 
implementation and enforcement capabilities. Failure on 
the part of the state to properly enforce the drinking 
water regulations may permit the EPA or any individual 
to commence a civil action in the appropriate United 
States District Court to  require compliance with 
a national primary water regulation. If the District Court 
finds a willful violation of a regulation or other require- 
ment, it may impose on the violator a fine of up to 
$5,000 for each day of violation. 

In passing the Safe Drinking Water Act, Congress has 
provided for the creation of an underground injection 
program which is designed to complement the public 
water system program by preventing the subsurface 
emplacement of fluids which may contaminate the 

25 42 USCA Sec. 300f e t  seg., 88 Stat. 1661 ( 1  974). 



public drinking water supply. As with the public water 
system program, the intent of the legislators was that 
the states implement and enforce the underground 
injection program. In order for a state to achieve pri- 
mary responsibility, it must institute a program which 
meets certain regulations established by the EPA for 
the issuance of permits for all underground injections. 
By December 16, 1977, all underground injections will 
be prohibited unless they are operating with a permit 
issued under such a program. Prior to granting of a permit, 
an applicant must prove that the injection will not 
endanger drinking water sources to  the satisfaction of 
the state. Enforcement procedures are similar to those 
found in the public water system program. 

Coastal Zone Management Act 
In 1972 Congress passed and the President signed the 
Coastal Zone Management Act ( C Z M A ) ~ ~  in recognition 
of the competing demands upon coastal lands and waters 
that they bordered and the institutional arrangements for 
planned uses of these lands. A policy was established 
encouraging individual states to  exercise authority over 
the coastal areas to  preserve, protect, and restore the 
resources of the nation's coastal zones. Partici~ation 
in the coastal zone management program by the states 
is strictly voluntary. Three types of activities are eligible 
for funding under the Act, including the development 
of a management program; the administration and 
implementation of the management program; and the 
acquisition of the estuarine sanctuaries. 

The development and administration of the program 
pursuant to the CZMA envisions a strong intergovern- 
mental sharing of responsibility. The Act provides that 
the Secretary of Commerce shall not approve a state 
management program unless that state has considered 
the view of federal agencies principally affected by 
the program. Nor may the state allocate federal funds 
received under the Act to  local governments unless they 
are in compliance with the state's coastal management 
program. The state management program must also 
describe the organizational structure designed to imple- 
ment the program including the responsibilities of local, 
areawide, state, and interstate agencies in the manage- 
ment process. 

Section 307(f) stipulates how the CZMA will be related to  
existing requirements of water and air pollution programs: 

Notwithstanding any other provision of this 
chapter, nothing in this chapter shall in any 
way affect any requirement (1) established by 
the Federal Water Pollution Control Act, as 
amended, or the Clean Air Act, as amended, 
or (2) established by the Federal Government 
or by any state or local government pursuant 
to such Acts. Such requirements shall be incor- 
porated in any program developed pursuant to 

26 16 USCA Sec. 1451-1 464, 86 Stat. 1280 (1 972). 

this chapter and shall be the water pollution 
control and air pollution control requirements 
applicable to such program.27 

The major provision for setting in motion the Congres- 
sional policy of enhancing the resources of the coastal 
zone is the formulation and implementation of a manage- 
ment program. Certain basic elements to  be included 
in any state management program are the following: 

1 .  An identification of the boundaries of the coastal 
zone subject to  the management program. 

2. A definition of what shall constitute permissible 
land and water uses within the coastal zone which 
have a direct and significant environmental and 
economic impact on the coastal waters. 

3. An inventory and designation of areas of par- 
ticular concern within the coastal zone, including 
areas of unique, scarce, fragile, or vulnerable 
natural habitat; areas of high natural productivity; 
and areas of substantial recreational value. 

4. An identification of the means by which the state 
proposes to exert control over the land and water 
uses, including a listing of relevant constitutional 
provisions, legislative enactments, regulations, and 
judicial decisions. 

5. Broad guidelines on priority of uses in par- 
ticular areas. 

6. A description of the organizational structure 
proposed to implement the management program. 

Jurisdictionally, the coastal zone and areawide water 
quality management programs might overlap in some 
areas. The Coastal Zone Management Act defines the 
coastal zone as: 

the coastal waters (including the lands therein 
and thereunder) strongly influenced by each 
other . . . . The zone extends inland from the 
shorelands only to  the extent necessary to  con- 
trol shorelands, the uses of which have a direct 
and significant impact on the coastal waters.28 

An analysis of the water quality of Lake Michigan was 
considered to  be beyond the scope of the initial areawide 
water quality management planning program. However, 
the quality of streamwater tributary to  Lake Michigan 
and point source municipal discharges affects the waters 
of the coastal zone. Any meaningful attempt to  manage 
the lands and waters within the coastal zone must, there- 

27 16 USCA See. 1456. 

28 16 USCA Sec. 1453. 



fore, consider inland water quality management actions. 
Coordination of the coastal zone management program 
and areawide water quality planning program is necessary 
if either program is to be successful. 

Federal Flood Insurance Program 
A program to enable property owners to purchase insur- 
ance to cover losses caused by floods was established by 
the U. S. Congress in the National Flood Insurance Act 
of 1968 and the Flood Disaster Protection Act of 1973. 29 

Taking note that many years of installation of flood 
protection works had not reduced losses caused by flood 
damage, the Congress sought to develop a reasonable 
method of sharing the risk of flood losses through a pro- 
gram of flood insurance while at the same time setting 
in motion local government land use control activity that 
would seek to ensure on a nationwide basis that future 
development of floodplains would be held to a minimum. 
Participation in the national flood insurance program is 
on a voluntary community-by-community basis. A com- 
munity must act affirmatively to make its residents 
eligible to purchase flood insurance. For its part, the 
community must enact land use controls which meet 
federal standards for floodland protection and develop- 
ment. For practical purposes, once a community enacts 
floodland regulations that meet state requirements set 
forth in Chapter NR 116 of the Wisconsin Administrative 
Code, it will have been deemed to meet all federal require- 
ments for similar controls. 

The flood insurance program relates to areawide water 
quality planning and management in several areas. Sec- 
tion 1315 of the Flood Insurance Act provides that flood 
insurance shall not be sold or renewed unless the com- 
munity has adopted adequate land use control measures 
consistent with federal criteria. In the area of treatment 
and collection facilities, federal regulations require all 
public utilities, including sewer and water systems, to 
be elevated, located, and constructed to minimize or 
eliminate flood damage. With regard to water supply 
system and sanitary sewerage systems, federal regulations 
require that new or replacement systems: 

be designed to minimize or eliminate infiltra- 
tion of flood waters into the systems and 
discharges from the systems into flood waters 
and require onsite disposal systems to be 
located so as to avoid impairment of them 
or contamination from them during flooding.30 

Communities with special flood hazards are required 
to review subdivision proposals and other proposed 
new developments to assure that adequate drainage is 
provided so as to reduce exposure to flood damage. This 
requirement may be directly related to efforts to contain 
nonpoint source pollution due to soil erosion inherent 
in the subdivision process. In this respect, storm water 

29 42 USCA Sec. 4001 35 e t  seg. 82 Stat.  572 (1973). 

management alternatives must be developed to achieve 
both water quality and flood prevention objectives. 
Finally, communities are required to consider state and 
local water pollution requirements in adopting land use 
controls under the flood insurance program. States are 
required to include as part of their participation in the 
program requirements that: 

proposed uses of floodplain and mudslide 
prone areas conform to standards established 
by state environmental and water pollution 
control agencies to assure that proper safe- 
guards are being provided to prevent pollution.31 

Federal Clean Air Act 
Sections 105 and 106 of the Clean Air Act provide grants 
for the support of air pollution planning and control 
programs. These grants are available to air pollution 
control agencies for the purpose of developing compre- 
hensive air quality plans for an air quality control region. 
Areawide water quality, land use, and air quality planning 
are intimately related. Water quality conditions may be 
directly influenced by decisions made in an air quality 
planning effort and vice versa. Various technologies 
employed in the wastewater treatment and disposal 
process may seriously affect the ambient air quality of 
a given air quality control region. Water quality manage- 
ment techniques may have measurable effects on air 
quality. Considerations affecting community growth 
may also create conflicts between areawide water quality 
management plans and air quality planning. The decision 
to extend sewers or the construction of new or enlarged 
waste treatment facilities may act as an inducement for 
residential and/or industrial growth. This induced devel- 
opment may further degrade air quality. In addition, 
stringent air quality standards may result in greater 
amounts of residual wastes and sludges which when 
inadequately disposed of may create serious ground 
and surface water pollution. 

The Resource Conservation and Recovery Act of 1976 
With the passage of this act in late 1976, federal involve- 
ment in solid waste was expanded. The Act states that: 

while the collection and disposal of solid 
wastes should continue to be primarily the 
function of state, regional, and local agencies, 
the problems of waste disposal. . . have become 
a matter national in scope and in concern and 
necessitate Federal action through financial 
and technical assistance and leadership in the 
development, demonstration, and application 
of new and improved methods and processes 
to reduce the amount of waste and unsalvage- 
able mat;erials and to provide for pro er eco- 
nomical solid waste disposal practices. 8 

31 Id. 

30 Id. 32 42 USCA 6901, 90 Stat. 2796 (1 976). 



The act further states that inadequate and environmen- 
tally unsound solid waste practices result in pollution of 
the waters. Particular reference is made to the fact that 
as a result of the passage of the Clean Water and Air Acts, 
greater amounts of solid waste in the form of sludge and 
other treatment residues have been generated. In addition, 
sludge generated from any municipal, commercial, or 
industrial wastewater treatment plant is included within 
the definition of solid waste for purposes of the applica- 
tion of the Resource Conservation and Recovery Act. 
Section 8002(g) of the Resource Conservation and 
Recovery Act authorizes the EPA Administrator to under- 
take comprehensive sludge studies that examine the 
following aspects of sludge management: the effects of 
air and water pollution legislation on the creation of 
volumes of sludge; sludge disposal methods including the 
cost, efficiency, and effectiveness of such methods; 
alternative methods for the use of sludge including 
agricultural applications and energy recovery from sludge; 
and methods to  reclaim areas which have been used for 
the disposal of sludge. 

The mechanics of this act are similar to those found in 
other resource acts. The Administrator within one year 
of enactment is to publish suggested guidelines for solid 
waste management that include information on the 
technological and economic feasibility of the current 
state-of-the-art and appropriate methods which provide 
at a minimum for the protection of ground and surface 
waters. In addition, the Administrator is authorized to 
prescribe regulations necessary to implement the provi- 
sions of the Act. 

The Resource Conservation and Recovery Act of 1976 
distinguishes between hazardous and nonhazardous 
wastes. The EPA Administrator is given 18  months to 
promulgate criteria for administering hazardous wastes 
and shall specifically identify those wastes which have 
been to  date designated as hazardous. In addition, the 
Administrator is to establish standards which shall apply 
to generators of hazardous waste as may be necessary 
to  protect human health and the environment including 
standards for handling, storage, transportation, and 
disposal of such hazardous wastes. Within 1 8  months 
of the date of enactment, a permit must be obtained 
by those persons owning or operating a facility for the 
treatment, storage, or disposal of hazardous wastes. In 
addition, if individual states wish to  administer and 
enforce a hazardous waste program, they may do so as 
long as such a program meets minimum standards as 
established by the Administrator. No state may be 
allowed to  impose any requirements less stringent than 
those federal requirements relating to  hazardous wastes. 
The EPA Administrator is given authority to  issue com- 
pliance orders where a violation of standards relating to 
hazardous wastes occurs. If a continual violation occurs, 
a civil fine of $25,000 for each day of violation may be 
imposed. In the case of certain violations involving intent, 
criminal sanctions are available. 

state is to designate the boundaries of those areas appro- 
priate for regional solid waste management. Within 
1 8  months of the date of enactment, the EPA Adminis- 
trator is to promulgate regulations to assist in the devel- 
opment of state plans. The Act is quite specific in the 
consideration to be used for state plans: the state 
together with appropriate local officials shall designate an 
agency to develop the plan for a particular area. Strict 
procedures are to be followed in obtaining state and 
federal approval of the plan. 

It is readily apparent that solid waste disposal and its 
attendant legislation have a direct bearing on the area- 
wide water quality management effort. Although it will 
be several years before many of the mandates of the 
Resource Conservation and Recovery Act of 1976 are 
implemented, it is nevertheless important to view those 
portions of the areawide water quality management 
program dealing with solid waste management in light 
of this Act. The governor of a state is to give particular 
attention to  agencies already designated under Sec- 
tion 208 of the Federal Water Pollution Control Act 
vis-a-vis planning conducted under the Resource Con- 
servation and Recovery Act of 1 9 7 6 . ~ ~  

Toxic Substances Control Act 
The recently enacted Toxic Substances Control A C ~ ~  will 
regulate thousands of synthetic compounds presently in 
commercial use and others introduced each year. The 
goal of the toxic substances act is to acquire sufficient 
information to identify and evaluate potential hazards 
from chemical substances and to  regulate the production, 
use, distribution, and disposal of such substances. 

The new law authorizes the Environmental Protection 
Agency to require testing of various types of chemicals 
both old and newly introduced. These tests will attempt 
to  determine if an unreasonable risk to  either health or 
the environment results from usage of these chemicals. 
In the case of a new chemical initially being marketed, 
90 days premarket notice must be given to the Environ- 
mental Protection Agency. This notice must include the 
name, formula, intended uses, and volume of production 
and, where testing is required, any available test data. 

The Environmental Protection Agency is given enforce- 
ment responsibilities under the new Act. The Envi- 
ronmental Protection Agency is given authority to  
take restrictive actions to  prevent unreasonable risks 
to human health and the environment. Some of these 
actions include requiring additional testing during the 
premarket period for new chemicals; restrictive action 
ranging from specific labeling to outright bans; and 
authority to seek an injunction to restrain an imminent 
hazard. In addition, a total ban within one year of the 
manufacture, process, or distribution in commerce or 
use in other than a totally enclosed system of any poly- 

The Resource Conservation and Recovery Act of 1976 
provides for the development and implementation of 
state or regional solid waste plans. The governor of each 

33 Id. 

34 15 USCA 2601, 90 Stat. 2004 (1976). 



chlorinated biphenyl (PCB) was mandated under the 
Act. This ban is of particular importance to the Great 
Lakes and surrounding land areas. 

Federal Environmental Pesticide Control Act of 1972 
This legislation requires that persons may not distribute, 
sell, hold for sale, deliver, or receive any pesticide with- 
out that pesticide being first registered with the Adminis- 
trator of the Environmental Protection Agency. Pesticides 
will be classified as being for general use,restricted use, or 
both as part of the registration process. For application 
of restricted use pesticides, a certified application is 
necessary. It  is important that any areawide water quality 
management plan be cognizant of the restrictions placed 
on pesticides by the Federal Environmental Pesticide 
Control Act of 1972. Pesticide as used in this statute has 
a broad definitional basis including substances used as 
plant regulators, defoliants, and desiccants. In addition, 
the term pesticide encompasses substances intended to 
prevent, destroy, or repel any pests such as insects, 
rodents, fungi, and weeds. Improper use of pesticides 
may result in severe pollution and health hazards due to 
the excess pesticides being transported by surface water 
runoff or leaching. In any water quality management 
plan, due consideration must be given to a program of 
controlled use of pesticides vis-a-vis nonpoint agricultural 
pollution. In addition, serious consideration must be 
given to  minimal usage of those pesticides currently in 
the restricted class as determined by the Environmental 
Protection Agency as mandated by the Federal Environ- 
mental Pesticide Control Act of 1972. 

Federal Agricultural Authorities 
The federal government has long been active in coop- 
erating with rural agencies in the conservation of soil and 
water resources. Three divisions of the U. S. Department 
of Agriculture have been given the responsibility for 
implementation of these federal programs. The Soil Con- 
servation Service (SCS) assists conservation districts, 
communities, watershed groups, and other agencies in 
the areas of erosion control and water management 
problems. As part of its mandate, the SCS provides the 
following assistance: conduct of soil surveys, extension 
of technical assistance to  district cooperators, conduct of 
river basin surveys, and conduct of watershed planning, 
flood prevention, and resource development and conser- 
vation programs. The Agricultural Stabilization and Con- 
servation Service (ASCS) was established to administer 
a variety of programs dealing directly with the farmer. 
Among the many activities of the ASCS are the following: 
agricultural conservation programs including restoring soil 
fertility and reducing wind and water erosion; forestry 
incentives programs; and a water bank program and 
cropland adjustment program. A third agency involved 
in agricultural and rural land improvement is the Farmers 
Home Administration (FHA). The activities of the 
FHA include soil and water loans, watershed and flood 
prevention loans, and resource conservation and devel- 
opment loans. 

Consolidated Farm and Rural Development Act: The 
Consolidated Farm and Rural Development Act author- 
izes loans to  farm owners or tenants for purposes of land 

and water development and conservation. In addition, 
loans are authorized to be made to  rural communities or 
associations for the purpose of establishing: 

soil conservation practices, shifts in land 
use, the conservation, development, use and 
control of water, and the installation or 
improvement of drainage or waste disposal 
facilities . . . all primarily serving farmers, 
ranchers, farm tennants . . . . 35 

Loan programs under the Act are administered by the 
Farmers Home Administration. 

Food and Agriculture Act of 1962: Loans may be made 
to local organizations and individuals to  provide for soil 
and water development and conservation facilities and 
related special equipment. The Farmers Home Adminis- 
tration is responsible for the administration of the loan 
program. Loans under this Act may not be made until 
the Soil Conservation Service and the grantee organiza- 
tion or individual have agreed upon the project plan. 

Watershed Protection and Flood Prevention Act: The 
declaration of policy for this Act states that erosion, 
flood water, and sediment damages in the watersheds 
of rivers and streams of the United States constitute 
a menace to the national welfare. Various projects are 
authorized by this Act. Section 6 provides for the investi- 
gation and survey of river basins as a basis for the devel- 
opment of coordinated water resource programs. In 
addition, the Soil Conservation Service is authorized to  
cooperate with states and their political subdivisions 
in a program of watershed planning. The Soil Conserva- 
tion Service is authorized to furnish assistance to state 
and local governments for watershed protection projects. 
Such assistance includes technical and financial assistance 
for the installation of works of improvement specified 
in approved work plans. Such improvement works may 
include land treatment measures and structural devices 
such as floodwater retarding structures, stream channel 
improvements, and sediment control structures. Sec- 
tion 8 of this Act authorizes watershed protection and 
flood prevention loans. Such loans may be utilized to  
provide the local share of the cost of watershed projects. 
Loan programs under this Act are administered by the 
Farmers Home Administration. No loan may be made 
until the Soil Conservation Service and local entity have 
agreed upon the project. 

Water Bank Act: The obiective of the Water Bank Act 
is to  provide grants to conserve, preserve, and improve 
wetlands of the nation and thereby conserve surface 
waters. As a result of these conservation measures, wind 
and soil erosion and runoff will be reduced significantly. 
Agreements may be entered into with owners of wetlands 
identified in a local conservation plan. As part of such an 
agreement, the owner pledges to  place specific lands in 
the water bank program for a time certain; not to drain, 
bum, or destroy the wetIand character; and to effectuate 

35 USCA Sec. 1926. 



the conservation plan for the lands covered by the agree- 
ment. In return for such action, the owner is to receive 
annual payments from the Agricultural Stabilization and 
Conservation Service. The program may be terminated 
and payments stopped when such owner violates any 
part of the agreement. Such agreements are binding for 
10 years in length with opportunity for renewal. 

Soil Conservation and Domestic Allotment Act: The Soil 
Conservation and Domestic Allotment Act authorizes 
the SCS to provide technical and consultive assistance to 
individuals and local units of government in the planning, 
developing, and application of local soil and water con- 
servation plans. SCS personnel may provide technical 
services to  land users, prepare and revise conservation 
plans, make field investigations and recommendations on 
land use, and provide useful information to  local govem- 
ing units in the formulation and enactment of sanitary 
and building codes, land use regulations, and zoning 
ordinances. In addition, this legislation authorizes an 
agricultural conservation program administered by the 
Agricultural Stabilization and Conservation Service. Such 
a program involves cost-sharing with farmers, ranchers, 
and woodland owners to carry out approved soil, water, 
forestry, and wildlife conservation practices. Such agree- 
ments extend from three to 10 years. 

STATE WATER POLLUTION CONTROL MACHINERY 

Responsibility for water quality management in Wis- 
consin is centered in the Wisconsin Department of 
Natural Resources (DNR). Pursuant to the State Water 
Resources Act of 1965, the Department of Natural 
Resources acts as the central unit of state government to  
protect, maintain, and improve the quality and manage- 
ment of the ground and surface waters of the State. 
A major water quality management authority not located 
in the Wisconsin Department of Natural Resources is the 
authority to regulate private septic tank sewage disposal 
systems, a function that joins general plumbing super- 
vision as the responsibility of the Wisconsin Department 
of Health and Social Services, Division of Health. Func- 
tions generally related to the abatement of diffuse or 
nonpoint sources of pollution are found in the State 
Department of Agriculture, State Board of Soil and 
water Conservation Districts, and the Department of 
Local Affairs and Development. Attention in this section 
of the chapter will be focused on those specific functions 
of state agencies which bear directly upon water pollu- 
tion control and, hence, upon the preparation of the 
areawide water quality management plan. Attention will 
also be given to the regulation of septic tank systems in 
the State, diffuse source pollution regulation, and the 
Wisconsin Environmental Policy Act which requires the 
preparation of environmental impact statements for all 
significant actions. 

Chapter 144 of the Wisconsin Statutes- 
Water, Ice, Sewage, and Refuse 
A major portion of the basic authority and accompanying 
responsibilities relating to  the water pollution control 

function of the Department of Natural Resources is 
set forth in Chapter 144 of the Wisconsin Statutes 
which states: 

the Department of Natural Resources shall 
serve as the central unit of state government 
to  protect, maintain and improve the quality 
and management of the Waters of the State, 
ground and surface, public and private . . . . 

The purpose of this Act is to grant necessary powers and 
to organize a comprehensive program under a single state 
agency for the enhancement of the quality management 
and protection of the waters of the state.36 In accor- 
dance with its basic purpose as the central unit of state 
government to protect, maintain, and improve the quality 
and management of the waters of the State, Section 
144.025(2)(a) authorizes the Department to  formulate 
a long-range comprehensive state water resources plan 
for each region in the State. This section of the statutes 
also authorizes the Department to formulate plans and 
programs for the prevention and abatement of water 
pollution and for the maintenance and improvement 
of water quality. Such plans are generally prepared on 
a watershed or basin basis. 

Water Use Objectives and Water Quality Standards: The 
Wisconsin Department of Natural Resources is required 
under section 144.025(2)(b) of the Wisconsin Statutes to  
adopt rules relating to  water use objectives and support- 
ing water quality standards that are applicable to  all of 
the waters of the State. Such authority is essential if the 
State is to meet the requirement of the Federal Water 
Pollution Control Act that such objectives and standards 
be established for all navigable waters in the United 
States. Such water use objectives and supporting water 
quality standards were initially adopted by the Wisconsin 
Resource Development Board, the predecessor to  the 
DNR, for interstate waters in Wisconsin on June 1,1967, 
and for intrastate waters on September 1, 1968. On 
October 1, 1973, the Wisconsin Natural Resources Board 
adopted revised water use objectives and supporting 
water quality standards which were set forth in Wisconsin 
Administrative Code Chapters NR 102,103, and 104. On 
October 1, 1976, Administrative Code Chapter NR 104 
was further revised. On September 9, 1977, Chapters 
NR 102 and 104 were further revised by emergency rule. 
The new objectives and standards are generally more 
stringent than the old with respect to  both the water use 
objectives established for the streams and lakes in the 
Southeastern Wisconsin Region and the supporting water 
quality standards. 

Revised water quality standards have been formulated 
for the following major water uses: environmental and 
ecological preserves use; recreational use; restricted 
recreational use; public water supply; warmwater fishery; 
trout fishery; salmon spawning fishery; limited fishery 
(intermediate aquatic life); and marginal aquatic life. The 



environmental and ecological preserves use category is 
applied by the DNR on a case-bycase basis, and at 
present no waters of southeastern Wisconsin are so 
designated. The revised state standards are set forth 
in Table 145. These standards are statements of the 
physical, chemical, and biological characteristics of the 
water that must be maintained if the water is to be 
suitable for the specified uses. Chapter 144 recognizes 
that different standards may be required for different 
waters or portions thereof. It states that in all cases the: 

standards of quality shall be such as to protect 
the public interest which includes the protec- 
tion of the public health and welfare and the 
present and prospective future use of such 
waters for public and private water supplies, 
propagation of fish and aquatic life and wild- 
life, domestic and recreational purposes and 
agricultural, commercial, industrial, and other 
legitimate uses.37 

Minimum Standards: All waters must meet certain condi- 
tions at all times and under certain flow conditions. 
Chapter NR 102.02 of the Wisconsin Administrative 
Code stipulates that: 

(a) Substances that will cause objectionable 
deposits on the shore or in the bed of a body 
of water shall not be present in such amounts 
as to interfere with public rights in waters of 
the state. (b) Floating or submerged debris, oil, 
scum, or other material shall not be present in 
such amounts as to interfere with public rights 
in waters of the state. (c) Materials producing 
color, odor, taste, or unsightliness shall not be 
present in such amounts as to interfere with 
public rights in waters of the state. (d) Sub- 
stances in concentrations or combinations 
which are toxic or harmful to humans shall 
not be present in amounts found to be of 
public health significance, nor shall substances 
be present in amounts which are actually harm- 
ful to  animal, plant or aquatic life. 

Recreational Use: Waters to be used for recreational 
purposes should be aesthetically attractive, free of 
substances that are toxic upon ingestion or irritating to 
the skin upon contact, and void of pathogenic organisms. 
The first two conditions are satisfied if the water meets 
the minimum standards for all waters as previously 
described, whereas the third condition requires that 
a standard be set to ensure the safety of a water from the 
standpoint of health. The concentration of fecal bacteria 
is the parameter now used for this purpose. Since the 
fecal coliform count is only an indicator of a potential 
public health hazard, the Wisconsin standards specify that 
a thorough sanitary survey to assure protection from 
fecal contamination be the chief criterion for determining 
recreational suitability. 

37 Sec. 144.025(2)(b). 

Restricted Recreational Use: This objective applies to 
continuous and noncontinuous streams for restricted use 
downstream from an area of intense urban densities or 
where wastewater has a predominant influence. A signifi- 
cant characteristic of this category is the maximum 
fecal coliform level of 1,000 per 100 milliliters (ml) based 
on not less than five samples per month or 2000/100 ml 
in more than 10 percent of all samples during any month. 
The restricted recreational use objective is used to signify 
conditions which may be hazardous to health upon whole 
or partial body contact. The term "restricted recreational 
use" is not utilized in the Wisconsin Administrative Code, 
Chapter NR 104, but has been utilized in SEWRPC inter- 
pretations to characterize the basic water use objectives 
established by the Wisconsin Department of Natural 
Resources for certain reaches of stream which have been 
severely polluted, and accordingly have been exempted 
by the State from the more stringent criteria associated 
with the maintenance of fish and other aquatic life 
and recreation. 

Public Water Supply: The principal criterion of quality 
standards in raw water intended to be used for public 
water supply is that the water, after appropriate treat- 
ment, be able to meet Wisconsin Department of Natural 
Resources drinking water standards established in 1974. 
The DNR standards of raw water to be used for water 
supply include an allowable pH range and maximum 
limits on temperature, dissolved solids, and fecal coliform. 

Warmwater Fishery: As indicated in Table 145, this 
objective is intended to result in water quality adequate 
to support fish and aquatic life and whole body contact 
recreational use. The most significant characteristics of 
this category are the inclusion of an 8 9 ' ~  maximum 
temperature and a minimum dissolved oxygen require- 
ment of 5.0 milligrams per liter (mgll). 

Trout Fishery: Standards for water to be used for the 
preservation and enhancement of fish and aquatic life 
generally are specified in terms of parameters that affect 
the physiologic condition of the fish, the food chain that 
sustains the fish, and the aquatic environment. The DNR 
standards for the trout fishery are set forth in Table 145. 
This category requires that no significant artificial tem- 
perature increases occur where natural trout reproduction 
occurs, and requires minimum dissolved oxygen levels 
of not less than 7.0 mg/l during spawning seasons. 

Salmon Spawning Fishery: This standard is applicable to 
those continuous streams used by stocked salmonids for 
spawning runs. No significant- artificial temperature 
increases from background levels will be allowed where 
natural salmon spawning occurs. In contrast to the trout 
fishery objective, a minimum dissolved oxygen level of 
5.0 mg/l is allowed. This level is not to be lowered below 
natural background levels during periods of habitation. 

Limited Fishery (Intermediate Aquatic Life): This water 
use objective is applied to continuous and noncontinuous 
streams for intermediate aquatic life not supporting 
a balanced aquatic community. This intermediate aquatic 
life objective is one of the variance categories provided by 



Table 145 

APPLICABLE WATER USE OBJECTIVES AND WATER QUALITY STANDARDS FOR LAKES A N D  STREAMS WITHIN THE SOUTHEASTERN WISCONSIN REGION: 1977 

a Includes SEWRPC interpretations of all basic water use categories established by the Wisconsin Department of Natural Resources plus those combinations of water use categories applicable fo the Southeastern Wisconsin Region. I t  is recognized that, 
under both extremely high and extremely low flow conditions, instream water quality levels can be expected to violate the established water quality standards for a reasonable length o f  time without damaging the overall health of the stream. I t  is 
important t o  note the critical differences between the official state and federally adopted water quality standards-composed of ''use designations" and "water quality criteria"-and the water use objectives and supporting standards of the Regional 
Planning Commission. The U. S. Environmental Protection Agency and the Wisconsin Department of Natural Resources, being regulafory agencies, utilize water quality standards as a basis for enforcement actions and compliance monitoring. This 
requires that the standards have a rigid basis in research findings and in field experience. The Commission, by contrast, must forecast regulations and technology far into the future, documenting the assumptions used to analyze conditions and problems 
which may not currently exist anywhere, much less in or near southeastern Wisconsin. As a result, more recent-and some times more controversial-study findings must sometimes be applied. This results from the Commission's use of the water quality 
standards as criteria to  measure the relative merits o f  alternative plans. 

Water Quality 
Parameters 

Maximum Temperature ( O F )  , 

. . . . . . . . . .  pH Range (S.U.). 
Minimum Dissolved 

. . . . . . . . . . .  Oxygen (mg/l) 
Maximum Fecal Coliform 

(counts per 100 ml)  . . . . . .  
Maximum Total Residual 

Chlorine (mgll) . . . . . . . . . .  
Maximum Unionized 

Ammonia-Nitrogen Imglll . . 
Maximum Nitrate- 

Nitrogen Imgll) . . . . . . . . . .  
Maximum Total 

Dissolved Solids (mgll) 
Otherras". . . . . . . . . . . . .  

All waters shall meet the following minimum standards a t  all times and under all flow conditions: substances that wil l  cause objectionable deposits on the shore or in the bed of a body of water shall not be present in such amounts as to  interfere with 
public rights in waters of the State. Floating or submerged debris, oil, scum, or other material shall not  be present in such amounts as to interfere with public rights in the waters o f  the State. Materials producing color, odor, taste, or unsightliness shall 
not  be present in amounts found to  be of public health significance, nor shall substances be present in amounts which are acutely harmful to  animal, plant, or aquatic life. 

Standards presented in the table are applicable to  lakes over 50 acres in surface area and to major streams of the Region. 

Includes all effluent channels used predominantly for waste carriage and assimilation, wetlands, and diffuse surface waters and includes selected continuous and noncontinuous streams as specified by the DNR on the basis o f  fieldsurveys and identified 
as "marginal surface waters. " (See Wisconsin Administrative Code, Chapter NR 104.02(3/(bj.j 

Individual Water Use ~ b i e c t i v e s ~ , ~ , ~  

There shall be no temperature changes that may adversely affect aquatic life. Natural daily andseasonal temperature fluctuations shall be maintained. The maximum temperature rise at the edge of the mixing zone above the existing natural temperature 
shall not  exceed 5 ' ~  for strearns and 3 ' ~  for lakes. 

There shall be no significant artificial increases in temperature where natural trout or stockedsalmon reproduction is to  be protected. 

Recreational 
Use 

-.e 

200-400k 

-- 

. . . . . .  

Inland Lakes and Stream 

Salmon Spawning 
Fishery and Aquatic 
Life, Recreational 
Use, and Minimum. 

Standardsb 

..e.f 

6.0-9.0g 

5.0' 

200.400~ 

0 . 0 0 2 ~  

0.02" 

P 

Restricted 
Use and 

Minimum 
standardsb 

e 

6.0-9.0g 

2.0 

1,000-2,000~ 

9 

The pH shall be within the range of 6.0 to  9.0 standard units with no change greater than 0.5 units outside the estimated natural seasonal maximum and minimum. 

Restricted 
useq 

9 

6.0-9.0g 

2.0 

1,000-2,000~ 

- -  

Public 
Water 

Supply 

. .  

6.0-9.0g 

2 0 0 4 0 0 ~  

10 

500-750m 
n 

Dissolved oxygen and temperature standards apply t o  continuous streams and the epilimnion o f  stratified lakes and to the unstratified lakes; the dissolved oxygen standard does not apply to the hypolimnion of stratifiedinlake lakes. Trends in the 
period o f  anaerobic conditions in the hypolimnion o f  deep inland lakes should be considered important to  the maintenance o f  their natural water quality, however. 

Combinations of 

Marginal Aquatic 
Life Recreational 

Use. and Minimum 
Standardsb 

e 

6.0-9.0g 

2.0 

2 0 0 4 0 0 ~  

0.5 

Water Use Objectives 

Limited F~shery 
(Intermediate 
Aquatic Life), 

Recreational Use, 
and Minimum 
Standardsb 

8ge 
6.0-9.0g 

3.0 

200.400~ 

0.5 

0.2" 

P 

Adopted for Southeastern 

Warmwater Fishery 
and Aquatic Life, 
Recreational Use, 

and Minimum 
Standardsb 

8ge 
6.0-9.0' 

5 . 0 ~  

2 0 0 4 0 0 ~  

0 . 0 0 2 ~  

0 . 0 2 ~  

P 

Fish and Aquatic 

Salmon 
Spawning 
Fishery 

..e.f 

6.0-9.0g 

5 . 0 ~  

0 . 0 0 2 ~  

0 . 0 2 ~  

..p 

Wisconsin 

Trout Fishery and 
Aquatic Life, 

Recreational Use, 
and Minimum 

Standardsb 

. .e .f 

6.0-9.0g 

6.0' 

200-400~ 

0 . 0 0 2 ~  

0 . 0 2 ~  

..O.P 

Warmwater 
Fishery 

6.0-9.0g 

5.0h 

.. 

0.5 

0 . 0 2 ~  

- -  
..p 

Trout 
Fishery 

.. e.f 

6.0-9.0g 

6 . 0 ~  

0 . 0 0 2 ~  

0 . 0 2 ~  

.. OrP 

Life 

Limited 
~ i s h e r y ~ ' ~  

(Intermediate 
Aquatic Life) 

age 
6.0-9.0g 

3.0 

0.5 

0 . 2 ~  

P 

Marginal 
Aquatic 
~ i f e ~ ' ~  

age 
6.0-9.0g 

2.0 

200-400~ 

0.5 



Table 145 (continued) 

Dissolved oxygen shall not  be lowered to less than 7.0 mgb during the trout spawning season. 

The dissolved oxygen in the Great Lakes tributaries used by stocked salmonids for spawning runs shall not be lowered below natural background during the period of habitation. 

Shall not exceed a monthly geometric mean of 200 per 100 ml  based on not  less than five samples per month nor a monthly geometric mean of 400 per 100 ml  in more than 10 percent of all samples during any month. 

I Shall not exceed a monthly geometric mean o f  1,000 per 100 ml  based on not  less than five samples per month nor a monthly geometric mean of 2,000 per 100 ml in more than 10 percent of aN samples during any month. 

m 
Not to exceed 500 m g l  as a monthly average nor 750 mgb at any time. 

The intake water supply shall be such that by appropriate treatment and adequate safeguards i t  wil l  meet the established Drinking Water Standards. 

Streams classified as trout waters by the DNR (Wisconsin Trout Streams, publication 213-721 shall not be altered from natural background by effluents that influence the stream environment to such an extent that trout populations are adversely 
affected. 

Unauthorized concentrations o f  substances are not permitted that alone or In combination with other materials present are toxic to fish or other aquatic life. The determination of the toxicity of a substance shall be based upon the available scientific 
data base. References to be used in determining the toxicity o f  a substance shall include, but not  be limited to, Quality Criteria for Water. EPA-4404-76-003, U. S. Environmental Protection Agency, Washington, D. C., 1976, and Water Quality Criteria 
1972. EPA-R3-73-003, National Academy of Sciences, National Academy of Engineering, U. S. Government Printing Office, Washington, D. C., 1974. Questions concerning the permissible levels, or changes in the same, o f  a substance, or combination 
of substances, or undefined toxicity to fish and other biota shall be resolved in accordance with the methods specified in Water Quality Criteria 1972 and Standard Methods for the Examination o f  Water and Wastewater, 14th Edition, American Public 
Health Association, New York, 1975, or other methods approved by the Department of Natural Resources. 

The parametric values presented are those typically assigned;although the term "'restricted" best describes the intended use, the specific chemical parameters may vary from one such reach of stream to another, since these criteria are established by the 
Wisconsin Department o f  Natural Resources on a case-by-case basis, as noted in Wisconsin Administrative Code Chapter NR 104. 

r*S~aters important to overall environmental integrity including trout streams, scientific areas, wild and scenic areas, endangered species habitat, and waters of high recreational potential all are subject to further pollution analysis and special standards 
and effluent criteria. See Wisconsin Administrative Code Chapter N R  104.02(4/(al, whereby this is to be determined by the Wisconsin Department of Natural Resources on a case-byease basis. No waters in southeastern Wisconsin are designated under 
this category as o f  1977. 

Lake Michigan thermal discharge standards, which are intended to minimize the effects on aquatic biota, apply to facilities discharging heated water directly to Lake Michigan, excluding that from municipal waste and water treatment plants and vessels 
or ships. Such discharges shall not  raise the temperature o f  Lake Michigan at the boundary o f  the mixing zone established by the Wisconsin Department of Natural Resources by more than 3OF and, except for the Milwaukee and Port Washington 
Harbors, thermal discharges shall not increase the temperature of Lake Michigan at the boundary of the established mixing zones during the following months above the following limits: 

January, February, March 
April 

May 
June 

July, August, September 
October 
November 
December 

After a review of the ecological and environmental impact of thermal discharges in excess of a daily average of 500 million BTU per hour, mixing zones are established by the Department o f  Natural Resources. Any plant or facility, the construction o f  
which is commenced on or after August 1. 1974. shall be so designed that the thermal discharges therefrom to  Lake Michigan comply with mixing zones established by the Department. In establishing a mixing zone, the Department will consider 
ecological and environmental information obtained from studies conducted subsequent to February 1, 1974, and any requirements of the Federal Water Pollution Control Act Amendments o f  1972, or regulations promulgated thereto. 

This level o f  un-ionized ammonia is assumed to  be present at the temperature range of 7 0 - 7 5 0 ~  and pH o f  8.0 standard units, which are generally the critical conditions in the Region, and at ammonia-nitrogen concentrations o f  about 0.4 m g l  or 
greater, and has been recommended by the USEPA as a water quality standard for the protection of fish and other aquatic life of the types found in the natural waters o f  the Region. 

This level of un-ionized ammonia is assumed to  be Present at the temperature range of 70-75'~ and p H  of 8.0 standard units, which are generally the critical conditions in the Region, and a t  ammonia-nitrogen concentrations o f  about 3 .5mg l  or 
greater, and has been identified by the USEPA as a maximum concentration for the protection o f  tolerant species o f  insect life and forage minnows and other aquatic life o f  the types found in the Region. 

W ~ a y  include explicitly designated agricultural drainage ditches. 

Includes selected continuous and noncontinuous streams as specified by the DNR on the basis o f  field surveys and identified as "surface waters not supporting a balanced aquatic community (intermediate aquatic life). " 

Basedon the level recommended in Qualify Criteria for Water EPA440B-76-003, U. S. Environmental Protection Agency, Washington, D.C., 1976. 

Source: Wisconsin Department of Natural Resources and SEWRPC. 



Wisconsin Administrative Code Section NR 104.02(3). 
The most significant characteristics of this intermediate 
aquatic life objective are the maximum temperature of 
8g°F, minimum dissolved oxygen level of 3.0 mg/l, and 
maximum un-ionized ammonia-nitrogen level of 0.2 mg/l. 
The relationship of this objective to  the warmwater 
fishery objective is demonstrated in Table 146. 

Marginal Aquatic Life: This objective applies to con- 
tinuous and noncontinuous streams and all effluent 
channels, wetlands, and surface waters. Marginal uses 
supporting only very tolerant life forms are allowed. 
The most significant standards supporting the marginal 
aquatic life objective, as shown in Table 145, are a maxi- 
mum temperature of 8g°F, minimum dissolved oxygen 
level of 2.0 mg/l, maximum fecal coliform level of 
200/100 ml based on not less than five samples per 
month or 400/100 ml in more than 10 percent of all 
samples during any month, and a maximum total residual 
chlorine level of 0.5 mg/l. The relationship of this objec- 
tive to the warmwater fishery objective is demonstrated 
in Table 146. 

Application of the Water Use Objectives to the Region: 
The application of these eight basic water use objectives 
required specification of the hydrologic conditions under 
which the water quality standards are to be met. The 
water use objectives state that compliance with the 

supporting standards is to be evaluated on the basis of 
stream flow as low as the 7 day-10 year low flow, which 
is defined as the minimum 7-day mean low flow expected 
to occur once on the average of every 10 years. That is, 
for a given water use objective, the stream water quality 
is to  be such as to  satisfy the supporting standards for all 
stream flow conditions at or above the 7 day-10 year low 
flow. The revised objectives, as shown on Map 97j specify 
that most of the surface waters within the Region should 
meet the standards for recreational use and preservation 
of a warmwater fishery. It should be noted that the water 
use objectives and standards are subject to periodic 
revision either as additional data are accumulated on the 
validity of the water use objectives or as new data or 
techniques are developed that permit the standards to be 
expressed in more precise, quantitative, and statistically 
valid terms. 

After hearings have been held and pollution has been 
found to have occurred, the Department is given authority 
to issue general orders pursuant to Section 144.025(2)(c) 
for the construction, installation, use, and operation of 
systems, methods, and means for preventing and abating 
water pollution. This section also provides that the 
Department may adopt specific rules relating to the 
installation of water pollution abatement systems. In 
addition, special pollution abatement orders directing 
particular polluters to secure appropriate operating 

Table 146 

CHEMICAL AND PHYSICAL PARAMETERS ASSOCIATED WITH WISCONSIN DEPARTMENT OF 
NATURAL RESOURCES'SURFACE WATER RESOURCES HYDROLOGIC-HYDRAULIC CLASSIFICATION 

SYSTEM FOR WATER USE OBJECTIVES AND WATER QUALITY STANDARDS 

Source: Wisconsin Department of Natural  Resources and  SEWRPC. 

Applicable Standards 
for Selected 

Water Quality 
Parameters 

General. . . . . . . . . . . . . . . 

Minimum Dissolved Oxygen. . . 

pH (standard units). . . . . . . . 
pH Change-Maximum 

(standard units) . . . . . . . . . 
Mixing Zone Temperature 

(rise-maximum) . . . . . . . . 
Chlorine (maximum) . . . . . . . 
NH -N (warm temperature) . . . 3 
NH -N (cold temperature). . . . 3 
Fecal Coliform Bacteria 

(maximum permissible 
monthly average) . . . . . . . . 

Fish and Aquatic Life and 
Recreational Use Water Use Objectives 

Variances from Fish and Aquatic Life and 
Recreational Use Water Use Objectives 

Intermediate Marginal 

Diffused Surface Waters 

Wet Lands 
Wastewater Effluent Channels 

Continuous Streams 
Noncontinuous Streams 

Applicable Hydrologic-Hydraulic Classifications 

Trout 
Streams 

No objectionable shore or bottom deposits floating or submerged debris, 
oil, unsightly color, odor, taste, or toxic concentrations of chemicals. 

Lakes 
and 

Flowages 
Continuous 

Streams 

5.0 mgll 

6.0-9.0 

0.5 

5' F 
--  
-. 

-- 

20011 00 ml 

3.0 mg/l 

6.0-9.0 

--  

- -  
0.50 mgll 
3.0 mgll 
6.0 mgll 

200/100 ml 

6.0 mgll 
(spawning time: 

7.0 mgll) 
6.0-9.0 

0.5 

o0 F 
--  
- -  
- -  

20011 00 ml 

Continuous 
Streams 

Noncontinuous 
Streams 

1.0 mgll 

6.0-9.0 

- - 

- - 
0.50 mgll 

- -  
- -  

2001100 rnl 

5.0 mgll 

6.0-9.0 

0.5 

3 ' ~  
--  
-. 

-- 

20011 00 ml 



Map 97 

DNR-ADOPTED WATER USE OBJECTIVES FOR MAJOR STREAMS (1976) ANDSEWRPC INITIAL 
RECOMMENDED WATER USE OBJECTIVES FOR MAJOR LAKES (19771 WITHIN THE REGION 

LEGEND 

WATER USE OBJECTIVES 

TROUT F I U E W  AND AQUATIC LIFE. I RECREATIONaL USE AND MINIMUM 
ST4NL)AllDS 

SaLMON FISHERY AN0 40YllnC LIFE. 

STANDARDS 

LlNlTED FISHER? AND 40UAT1C LIFE, 
FECREATIONAI USE 4ND NlNlNUM 
SiANOAROS 

B ICNOAI IOS  

NlNUN STANOLIIIDS 

Water use abiectives and oupponing water quality standards for all surface waters in the Region are established by the Wirconrin Dspamsnt of Natural Resources 
and are reviswed and revised, sr appropriate, et lest  wery three yean under the pra*i$ion ot the Federal Water Pollution Cantrol Aft, ar amended. In acoordsnce 
with the nstional goal of having water quality suitable for "protection and propagation of fish, shellfish, and wildlife and . . .for reerestion in and an the water." 
most of the lakes and stream$ within the Region are presently designated for maintenance of a warmwater fishery and for reereatihnal u*. In addition toenhancing 
human ure of the water resources, the maintenance of s fishery provides inirlacs biological monitoring toasnure that toxic conditions are not occurring in the labs 
and streams, and thereby prwider a eonfinnation thsr public hesith is not endsnsered by water pollutants harmful to both human and aquatic life. in sddlrion to 
s generalized slsnification of lakes by the State. an analysis was made-with the assistance of the Southeast Dirtrict staff of the Wiroonrin Depal-fmenr of Natural 
Rerourcsr-of the physical character of the major inland lakes to identify r h m  lakes for which a long-term, stable. warmwater, sport fishery probably cannot be 
maintained because of recurrent winter-kills. The relatively short-range DNR water use objectives shown abovesewed as a point of departure for the development of 
the obiectives, principles, and standards for the areawide water quality management planning program, as diseussd and mapped in Volume Two. Chapter I1 of this 
repon. The planning study rerulted in recommended changes in water use objective% ar summarized in textual form-and in a pictorsl map form-in VolumeThree, 
Chapter I1 of the recommended plan. 

Source! Wisconsin Department of Natural Resources and SEWRPC. 



results at sewage treatment facilities in order to control 
water pollution are authorized to be issued by the Depart- 
ment in Section 144.025(2)(d). Such orders may 
prescribe a specified time for compliance with provisions 
of the order.  his provision of the statutes was widely 
utilized by the Department to secure the proper opera- 
tion and maintenance of sanitary sewerage systems, 
including sewage treatment facilities, in particular prior to 
the passage of Chapter 74 of the laws of 1971 establish- 
ing Chapter 147 and the Wisconsin Pollutant Discharge 
~ l imkat ion  System. At the present time, Chapter 147 
usually serves as the basis for water quality regulation. 
Orders issued under Chapter 144 were directed not only 
at municipal units of government that operate sewage 
treatment plants, but also at private corporations and 
individuals who in any way discharge wastes to the 
surface or groundwaters of the State. In cases of non- 
compliance with any pollution abatement order, the 
Department has seldom used the authority, under Sec- 
tion 144.025(2)(s), to take any action directed by the 
order and to  collect the costs thereof from the owner 
to whom the order was directed. Such charges become 
a lien against the property involved. 

Research and Demonstration Projects: The Department 
is also authorized to conduct research and demonstration 
projects on sewerage and waste treatment matters. It is 
also authorized to establish pilot sewage treatment plants 
and other facilities and to purchase land or equipment in 
connection therewith. Furthermore, the Department is 
required upon request and without charge to consult with 
and advise owners of waste sources as to the most appro- 
priate method of waste disposal. The Department is given 
the authority under Section 144.025(2)(j) to enter into 
agreements with other states, subject to approval by the 
Governor, relative to pollution control on any interstate 
waters and to carry out such agreements by appropriate 
orders to owners of waste sources. Such authority 
becomes important in the Southeastern Wisconsin Region, 
where many interstate waters are involved including Lake 
Michigan and the waters of the Fox River and Rock 
River watersheds. 

Treatment Plant Operator Certification: In Section 
144.025(2)(1) of the Wisconsin Statutes. the Devartment . . .  , 
is given the authority to establish an exkiningprogram 
for the certification of sewage treatment plant operators. 
Pursuant to this authority the Department has adopted 
Chapter NR 114 of the Wisconsin Administrative Code, 
which provides for a Board of Certification for sewage 
treatment plant operators and examinations for such 
operators. All sewage treatment plants in the State are 
classified by size and type. Sewage treatment plants are 
placed in one of five classifications: Class I plants consist 
of those facilities designed for or treating more than 
3.0 million gallons per day and employing sufficiently 
complicated processes to warrant this classification. 
Class I1 plants are those in the 1.0 to 3.0 million gallons 
per day category with the requisite degree of complexity 
of operations. Class 111 plants are those in the 0.1 to 
1.0 million gallons per day range with the requisite degree 
of complexity. Class IV plants are all other plants which 

treat sanitary sewage. Finally, Class V plants are those 
which treat only industrial wastes. In general, the larger 
the sewage treatment plant, the greater the educational 
and experience requirements and the more complex the 
examination for the sewage treatment plant operator. All 
persons operating sewage treatment plants must hold 
valid certificates issued pursuant to this Code. 

Septic Tank Regulation: In performing its functions of 
the maintenance and promotion of public health, the 
Wisconsin Division of Health is charged with the respon- 
sibility for regulating installation of private septic tank 
sewage disposal systems. Such systems often contribute 
to the pollution of surface waters and groundwaters. 
Section 144.03 of the Wisconsin Statutes requires that: 

before any septic tank may be purchased or 
installed, the owner of the property on which 
the septic tank is to be installed shall obtain 
a permit for such installation from the county 
clerk or other persons designated by the State 
Board of ~ e a l t h .  38 

Pursuant to Chapter 236 of the Wisconsin Statutes, the 
Division of Health reviews plats of all land subdivisions 
not served by public sanitary sewerage systems and may 
object to such plats if sanitary waste disposal facilities 
are not properly provided for in the layout of the plat. 
The Division has promulgated regulations governing lot 
size and elevation in Chapter H-65 of the Wisconsin 
Administrative Code. Basic regulations governing the 
installation of septic tank systems are set forth in Chap- 
ter H-62 of the Wisconsin Administrative Code. The 
Department of Natural Resources, however, must 
approve the provisions of the state plumbing code which 
sets specifications for septic tank systems and their 
installation. The Department also may prohibit the 
installation or use of septic tanks in any area of the State 
where the Department finds that the use of septic tanks 
would impair water quality. All septic tanks purchased 
or installed in the State must be registered by permit 
pursuant to Section 144.03 of the Wisconsin Statutes. 
This permit is issued by the county clerk and the applica- 
tion and fee are forwarded to the Wisconsin Department 
of Health and Social Services. 

Municipal Wastewater Treatment Policy: The Wisconsin 
Department of Natural Resources, pursuant to statutory 
authority set forth in Sections 144.025(2)(b)(c) and 
144.04 of the Wisconsin Statutes and Chapters NR 108 
and NR 110 of the Wisconsin Administrative Code, is 
responsible for reviewing and approving plans and specifi- 
cations for all sanitary sewerage facilities. This plan 
review authority includes plans for new sewage treatment 
plants and additions or alterations to existing sewage 
treatment facilities, if such additions or alterations sig- 
nificantly affect the quality or quantity of the effluent or 
the location of the outfall. In addition, Section 201 of 



the Federal Water Pollution Control Act Amendments of 
1972 requires that the best practicable waste treatment 
technology be utilized which results in: 

integrating facilities for sewage treatment and 
recycling with facilities to  treat, dispose of, or 
utilize other industrial and municipal wastes, 
including but not limited to  solid waste and 
waste heat and thermal discharges. Such inte- 
grated facilities shall be designed and operated 
to produce revenues in excess of capital and 
operation and maintenance costs and such 
revenues shall be used by the designated 
regional management agency to aid in financing 
other environmental improvements programs.39 

This review procedure provides the mechanism whereby 
the Department can assure that all sewage treatment 
plants, whether municipal or industrial, are designed to 
implement the adopted water use objectives. Of particular 
importance are secondary treatment requirements; phos- 
phorus removal requirements; and departmental policies 
with respect to the proliferation of waste treatment 
plants, the location of waste stabilization lagoons, and 
sanitary sewer extensions. 

Under Section 144.025(2)(r), the Department is given 
specific authority to order the installation of a sanitary 
sewerage system within a specified time upon a finding 
that the absence of a municipal sanitary sewerage system 
or treatment plant tends to  create a nuisance or menace 
to  public health. The Department has used this general 
authority in the Region, particularly where widespread 
failure of private septic tank sewage disposal systems has 
occurred. In addition, Section 144.025(2)(q) authorizes 
the Department to prohibit the installation or use of 
septic tanks in any area of the State where their usage 
would impair water quality. Similarly, the Department 
is authorized to  require a sewerage system, including 
a sewage treatment plant, of any governmental unit to 
be so planned and constructed that it may be connected 
with that of any other governmental unit. After an 
appropriate public hearing, the Department may order 
the proper connections to  be made. Section 144.07(1m) 
provides that any such order cannot become effective 
for 30 days following its issuance. Within that time 
period, the governing body of a city or village subject to 
such an order may commence an annexation proceeding 
to annex the unincorporated territory that may be 
subject to  the order. If the result of the referendum for 
annexation is in favor of annexation, the territory 
involved is annexed to the city or village and sewer 
service is extended in compliance with the order. If the 
result of the referendum is against the annexation, the 
connection order is deemed to be null and void. If 
a city or village does not commence an annexation 
proceeding within the 30-day period, the order becomes 
effective at the end of that time. 

39 PL 92-500, Sec. 201 (1 972). 

Secondary Treatment Requirements: The Wisconsin 
Dewartment of Natural Resources requires that all muni- 
cipal sewage treatment plants in the Region provide 
at least secondary treatment and that the effluents 
be disinfected before discharge to the surface waters. 
Effluent restrictions on publicly owned treatment facili- 
ties apply to fiveday biochemical oxygen demand 
(BOD5) and suspended solids (SS). Existing treatment 
facilities must remove at least 85 percent of BOD5 and 
suspended solids and produce an effluent quality of less 
than 30 mg/l of BOD5 and SS on a monthly average of 
samples analyzed daily. For new treatment facilities, the 
minimum level of treatment is 90 percent BOD5 removal 
and 90 percent suspended solids removal. In addition, 
Wisconsin Administrative Code Chapter NR 110.15(6) 
requires that sewage treatment systems be designed based 
on a BOD5 contribution of 0.17 pound per capita per 
day and an SS contribution of 0.20 pound per capita 
per day. 

As noted above, the Wisconsin Department of Natural 
Resources requires that municipal sewage treatment 
plant effluents be disinfected before discharge to surface 
waters. Disinfection is to  be accomplished in a manner 
to provide a minimum time of contact between the 
sewage and the disinfecting agent of 30 minutes at peak 
daily design flow, or of 60 minutes at average daily design 
flow. As a further requirement, if chlorine is used as the 
disinfecting agent, the maximum allowable residual 
chlorine in the effluent is 0.5 milligram per liter, and the 
membrane filter fecal coliform limit is 400 organisms per 
100 milliliters. Under DNR staff proposals which were 
reviewed and rejected by the Natural Resources Board 
in 1977, disinfection would not be required between 
October 15  and April 15  of each year except in selected 
reaches of streams where heavy recreational or other 
public use occurs year-round or in reaches of streams 
20 or less miles above a public water supply. The pro- 
posal was advanced in recognition of the questionable 
benefit of the costs of year-round disinfection to  assure 
safety of full-body contact recreation even during winter 
conditions, when such contact would not likely occur. 
Also cited was a growing body of research literature 
which indicates that carcinogenic substances hazardous 
to human and other life are formed through the chemical 
combination of chlorine with other organic substances 
present in the receiving waters. The DNR staff proposal 
also suggested that dechlorination follow disinfection 
by chlorine addition for those effluents which are dis- 
charged to salmon or trout waters. 

Phosphorus Removal Requirements: In its review of new 
or modified municipal and industrial sewage treatment 
facilities, the ~ isconi in  Department of ~ a t u &  Resources 
applies minimum phosphorus removal criteria if the 
treated waste is to  be discharged to a stream tributary to  
Lake Michigan; that is, east of the subcontinental divide. 
These criteria represent Wisconsin's response to  the pollu- 
tion abatement recommendations made by the Federal 
Lake Michigan Enforcement Conference, which include 
a stipulation that municipal and industrial effluents in 
areas tributary to  Lake Michigan achieve an overall 



reduction of at least 80 percent of the total phosphorus. 
The DNR requires that phosphorus removal facilities be 
provided at all municipal wastewater treatment plants 
serving a population equivalent of greater than 2,500 in 
Lake Michigan and Lake Superior drainage basins. Such 
facilities must be designed to achieve a monthly average 
phosphorus concentration in the effluent of not more 
than 1.0 mg/l of total phosphorus. Where the 1.0 mg/l 
cannot be achieved on a monthly average, the system 
shall be operated to  remove at least 85 percent of the 
influent phosphorus on an annual average. 

The phosphorus removal criteria are minimum require- 
ments and do not preclude the Department of Natural 
Resources from requiring waste dischargers to remove 
additional phosphorus if conditions, such as potential 
overfertilization of surface waters, warrant such removals. 
It should also be emphasized that the Department phos- 
phorus removal criteria are strictly applicable to  munici- 
pal and industrial sewage treatment plants located east of 
the subcontinental divide and that similar criteria are not 
in effect for that portion of the seven-county Planning 
Region west of the subcontinental divide. This does not 
mean, however, that phosphorus removal is not required 
to protect the water resources of the latter portion of the 
Region, but instead indicates that a formal policy with 
regard to phosphorus removal in that portion of the 
Region has yet to  be formulated by the Department of 
Natural Resources. The Department may require any 
wastewater discharger-regardless of population, volume, 
or type of waste discharge, or geographic location-to 
remove excess amounts after a determination that such 
excess amounts of phosphorus must be removed in order 
to avoid overfertilization of surface waters. 

Proliferation of Waste Treatment Plants: In conjunction 
with efforts at the federal level to encourage areawide - 
concepts of pollution control as expressed in the recom- 
mendations of the Lake Michigan Enforcement Con- 
ference and in the Federal Water Pollution Control Act, 
the Department of Natural Resources adopted a policy 
statement relating to  the proliferation of waste treatment 
plants. This policy statement seeks to  promote the use 
of unified sewage collection systems serving contiguous 
areas and the connection of newly developing areas to 
existing treatment facilities where such action is feasible 
and clearly in the public interest. Concomitmtly, the 
statement discourages the proliferation of small sewage 
treatment facilities in contiguous areas, together with 
encouraging abandonment of multiple plants in favor of 
joint treatment where technically and economically 
feasible and desirable. The policy would also discourage 
the construction of sewage treatment facilities not 
designed in accordance with an adopted areawide plan 
and would withhold state grants-in-aid for the construc- 
tion of nonconforming treatment plants. It must be 
recognized, however, that to  the extent that the regional 
land use plan is not implemented, resulting in a more 
highly diffused and lower density land use pattern, 
greater proliferation of small sewage treatment facilities 
may occur. The nonproliferation policy is, therefore, 
very closely related to implementation of the adopted 
regional land use plan. 

Location of Waste Stabilization Lagoons: The Depart- 
ment of Natural Resources has an administrative policy 
in regulating the location of waste stabilization lagoons. 
All proposed waste stabilization lagoon sites that are not 
to be aerated must be located a minimum of 1,500 feet 
from all existing occupied dwellings. The Department 
recommends that the bottom elevation of the lagoon be 
at least three feet above the groundwater table and five 
feet above the bedrock strata. Requirements are similar 
for aerated lagoon sites except that the distance from 
occupied dwellings is reduced to a minimum of 750 feet. 

Sewer Extension Policy 
Wisconsin Administrative Code Chapter NR 110.05 was 
amended by the Department of Natural Resources in 
1976 providing a revised policy concerning sanitary sewer 
extension. A "sewer extension" was defined to include 
collection (lateral and branch) sewers intended to serve 
previously unsewered areas, and "relief" and other trench 
sewers. Requests for sewer extensions may be granted if 
the sewer will be tributary to  a system which experiences 
no dry or wet weather bypassing and where the treatment 
plant discharges an effluent in compliance with monthly 
average effluent limitations for biochemical oxygen 
demand and suspended solids content as set by Adminis- 
trative Code Chapter NR 110. Requests for sanitary 
sewer extensions shall be denied if the sewer will be 
tributary to  a sewerage system which contains any 
bypasses or overflows which operate in dry weather or 
if the treatment plant discharges or provides an effluent 
which is not in compliance with the monthly average 
effluent limitations for biochemical oxygen demand 
and suspended solids content. These two conditions 
may be waived if the owner of the treatment works or 
sewerage system submits to  the Wisconsin DNR an 
acceptable program for assuring appropriate effluent 
quality and no dry weather bypassing or overflowing 
by July 1, 1982. In addition, Chapter NR 110.05(4) 
requires denial of extension requests if the sewer will be 
tributary to a sewerage system which contains any wet 
weather bypasses or overflows. However, approval may 
be granted where an acceptable program is submitted to 
the Wisconsin Department of Natural Resources assuring 
correction of the bypasses or overflows, including a time 
schedule for completion of the corrective work and proof 
of financial ability. Variances from the requirements of 
Chapter NR 110.05(3) and (4) may be granted upon the 
determination by the Wisconsin Department of Natural 
Resources of any of the following: 

(a) That construction of the subdivision, com- 
mercial establishment, institutional facility 
or industrial plant had commenced prior 
to  May 24, 1976 as evidenced by the 
issuance of a building permit. 

(b) That the area to be served was developed 
prior to May 24, 1976 and that the sewer 
extension will eliminate use of existing 
private waste disposal systems which pose 
a threat to  the public health or safety 
provided that connections to the sewer are 
allowed only for the existing development. 



(c) That the sewers to be installed will result 
in the elimination of existing dry weather 
overflows or bypasses, or will result in the 
abandonment of an existing inadequate 
sewage treatment plant. 

(d) That the proposed extension is a revision 
to a sewer previously approved by the 
Department, providing that the revision 
results in no increase in the anticipated 
waste discharge to  the sewer system. 

(e) That the facilities to be served are intended 
primarily to provide educational, humani- 
tarian, or charitable community services. 

(f) That the program, time schedule, and the 
commitment to proceed are established 
in a court a proved stipulation, order 
or judgement . 4! 

As a final condition of approval, the Wisconsin Depart- 
ment of Natural Resources may require that an applicant 
for a sewer extension restrict the number of connections 
made to such a sewer. Failure of the applicant to  comply 
with any of the abovecited requirements shall cause 
a denial of any subsequent extension requests. 

Sewer extension under Chapter NR 110.05 has been 
controversial and has had major impacts upon both 
large and small urban areas of the Region. A lawsuit 
between the Milwaukee-Metropolitan Sewerage Commis- 
sions and the Wisconsin Department of Natural Resources 
concerning the problem of sewer extensions and the 
inadequate treatment capacity at the plants operated by 
the Milwaukee-Metropolitan Sewerage District resulted 
in a judicially approved stipulation being signed by both 
parties. This stipulation is discussed later in this chapter. 

A second suit was filed by the Wisconsin Environmental 
Decade against the Wisconsin Department of Natural 
Resources challenging the DNR sewer extension policy 
as contained in the 1976 revision of Wisconsin Adminis- 
trative Code Chapter NR 110.05. This challenge was 
based on the contention that Wisconsin never properly 
repealed the former sewer extension policy which did not 
allow for variances, since inadequate procedures for 
environmental assessment were followed in establishing 
the new policy. The Dane County Circuit Court ruled in 
favor of the challenge presented by the Environmental 
Decade. This circuit court ruling was appealed by the 
Wisconsin Department of Natural Resources to the 
Wisconsin Supreme Court. The Wisconsin Supreme Court 
subsequently reversed the Circuit Court opinion and the 
Wisconsin Department of Natural Resources as of April 
1978, was issuing sewer extensions on a case-by-case 
basis utilizing Administrative Code Chapter NR 110.05 
as a guideline. 

40 Wisconsin Administrative Code Chapter NR 1 1  0.05(5). 

In another action relating to  sewer extension policy, the 
Wisconsin Department of Natural Resources, responding 
to public concern over the land use implications of sewer 
extension policy, sought to broaden the criteria upon 
which it may review proposed sewer extensions. In the 
1978 Budget Review Bill, the Wisconsin State Legislature 
amended Section 144.04 to provide the option for the 
Department of Natural Resources to disapprove plans 
which are not in conformance with an approved areawide 
waste treatment management plan prepared pursuant to 
Section 208 of the Federal Water Pollution Control Act, 
as amended. Thus, service areas developed as part of 
a comprehensive land use planning program, became an 
authorized consideration-in addition to  the engineering 
and public health factors previously addressed-in the 
review and approval of sanitary sewer extensions. 

Joint Sewerage Systems 
Section 144.07(1) of the Wisconsin Statutes grants 
authority to the Department of Natural Resources to 
require that a sewerage or disposal system be planned 
and constructed so that it may be jointly owned or 
operated by one or more municipalities. The Department 
may order connections to the system. In addition, cities, 
villages, town sanitary districts, and town utility districts 
may construct a joint system without being so required 
by the Department of Natural Resources. 

Enforcement Authoritv 
The Department of Natural Resources may require 
certified records to be kept and supplied to  the Depart- 
ment by owners of water pollution-related facilities. In 
addition, agents of the Department may enter both 
buildings and premises of owners supplying the public 
with water, ice, and sewerage systems and private prop- 
erties to collect information, samples, and records as 
needed to ascertain if the rules and order of the Depart- 
ment are complied with. 

Grants-in-Aid Authority 
Section 144.21 of the Wisconsin Statutes provides for 
state assistance for the construction and financing of 
pollution prevention and abatement facilities. The state 
program is administered by the Department of Natural 
Resources. As of January 1978, all funds had been 
allocated, and additional funding had been provided for 
both municipal point source and for nonpoint controls 
under the "Wisconsin Fund" established in the 1978 
Budget Review Bill and created in Section 25.44 of the 
Statutes. The fund is financed from general state revenues 
as 0.1 percent of the equalized value of all taxable 
property in the State and from the general fund revenues 
derived from other Department of Natural Resources 
environmental activities, including various monitoring 
fees, permit fees, and charges. The 1978 Review Bill also 
created Sections 144.24, 144.25, and 144.60 establishing 
financial aids programs for point source water pollution 
control, nonpoint source water pollution control, and 
solid waste management, respectively. In these programs, 
the Department of Natural Resources is charged as the 
lead agency for integrating the effort with other state 
environmental programs, developing administrative rules, 
and administering the programs. 



Navigable Waters Protection - 
Section 144.26 of the Wisconsin Statutes declares that 
to  aid in the fulfillment of the state's role as a trustee 
of its navigable waters, it is in the public interest to  
authorize municipal shore land zoning regulations 
designed to efficiently use, conserve, and protect the 
state's water resources. 

The Department of Natural Resources is to  make studies, 
establish policies, and make plans for the development of 
the state's water resources. In addition, annual grants-in- 
aid for the administration and regulation of the county 
shoreland, subdivision, and zoning regulations which 
include control of uses of lands under abutting or lying 
close to navigable waters shall be made to any county 
upon a finding that such ordinances are properly adminis- 
tered and enforced. Finally, the Department is to prepare 
a comprehensive plan to be used as a guide for the 
application of municipal shoreland ordinances. The plan 
shall be based on a use classification of navigable waters 
and their shorelands throughout the State or within 
counties and such a plan shall be governed by the follow- 
ing standards: 

1. Domestic uses shall be generally preferred. 

2. Uses not inherently a source of pollution within 
an area shall be preferred over uses that are or 
may be a pollution source. 

3. Areas in which the existing or potential economic 
value of public, recreational, or similar uses 
exceeds the existing or potential economic value 
of any other use shall be classified primarily on 
the basis of the higher economic use value. 

4. Use locations within an area tending to minimize 
the possibility of pollution shall be preferred over 
use locations tending to increase that possibility. 

5. Use dispersions within an area shall be preferred 
over concentrations of uses or their undue 
proximity to  each other?' 

Effluent Reporting and Monitoring System 
Section 144.54 of the Wisconsin Statutes directs the 
Department of Natural Resources to require by rule 
that persons discharging industrial wastes or toxic and 
hazardous substances as liquid wastes or as air contami- 
nants submit a report on such discharges to the Depart- 
ment. The law further specifically exempts municipalities 
from the rules and establishes an annual monitoring fee 
to recover the cost of administering the program. In 
response to this statutory mandate, the Department pre- 
pared and adopted Chapter NR 101 of the Wisconsin 
Administrative Code setting forth specific rules by which 
the reporting and monitoring program is to be conducted. 
Of particular importance to water quality management 
are the effluent reports required in this section. 

41 Sec. 144.26(5)(a). 

The rules require every person discharging industrial 
wastes or toxic and hazardous substances to  file an 
effluent report with the Department if: 1) treated or 
untreated effluent is discharged directly to surface waters; 
2) a minimum of 10,000 gallons of effluent per day, one 
or more days a year, is discharged to a land disposal 
system or to  a municipal sewerage system; 3) less than 
10,000 gallons per day is discharged to a land disposal 
system or a municipal sewerage system but the Depart- 
ment finds that reporting is necessary to  protect the 
environment; and 4) more than 1,000,000 British thermal 
units are contributed per day, one or more days per year, 
to the effluent discharged to surface waters. Certain 
discharges are exempted from reporting, primarily if 
the discharge contributes none of the particular industrial 
wastes or toxic and hazardous substances specified in the 
code. In addition, agricultural land runoff from land used 
exclusively for crop production need not be reported. 
Generally, the reports required by the Department must 
provide specific locations where effluent is being dis- 
charged to either surface waters, a sanitary sewerage 
system, or a land disposal system; estimates of the annual 
and average daily quantity of effluent discharged; concen- 
trations and quantities of industrial wastes or toxic and 
hazardous substances contributed to  the effluent in 
excess of the required reporting level; temperatures and 
volumes of thermal discharges; pH range of effluent; and 
a brief description of the manner and amount of raw 
materials used to  produce wastes being reported. 

Air Quality and Solid Waste Disposal 
Sections 144.30 through 144.45 of the Wisconsin Statutes 
deal with the statutory authority t o  prevent air pollution 
and regulate solid waste disposal. Increasingly, it has been 
found that various types of air pollution may have a sig- 
nificant effect on surface water quality. In addition, 
improper landfill disposal of solid wastes may have highly 
adverse effects on surface water and groundwater quality. 
In general, the Department of Natural Resources possesses 
the authority necessary to  deal with air pollution and 
solid waste problems. The Department may promulgate 
air pollution rules, disseminate information, hold hearings, 
and issue orders relating to  the enforcement of air pollu- 
tion statutes and rules. In addition, the Department of 
Natural Resources is granted authority to  prepare and 
adopt minimum standards for the location, design, 
construction, sanitation, operation, and maintenance 
of solid waste disposal sites and facilities. Counties may 
prepare countywide solid waste plans which are sub- 
mitted to  the Department of Local Affairs and Develop- 
ment for approval. 

Chapter 147-Pollutant Discharge Pennit System 
The purpose of Chapter 147 was to  grant to  the Depart- 
ment of Natural Resources the authority necessary to 
establish, administer, and maintain a pollutant discharge 
elimination system. This Wisconsin Pollutant Discharge 
Elimination System (WPDES) was established by the Wis- 
consin Legislature in direct response to  the requirements 
of the Federal Water Pollution Control Act Amendments 
of 1972 as discussed earlier. While the federal law envi- 
sioned requiring a permit only for the discharge of pollu- 



tants into navigable waters, in Wisconsin permits are 
required for discharges from point sources of pollution 
to all surface waters of the State and to land areas where 
pollutants may percolate or seep to, or be leached to 
groundwaters. Section 147.01 of the Wisconsin Statutes 
states the general policy of the State vis-a-vis the pollu- 
tion discharge elimination system: 

It is the policy of this state to restore and 
maintain the chemical, physical, and biological 
integrity of its waters to protect public health, 
safeguard fish and aquatic life and scenic and 
ecological values, and to enhance the domestic, 
municipal, recreational, industrial, agricultural 
and other uses of water. 42 

Stated goals are to eliminate the discharge of pollutants 
by 1985 and achieve an interim goal of water quality 
suitable for protection and propagation of fish and 
wildlife and human recreation by 1983. 

Section 147.02 of the Wisconsin Statutes requires a permit 
for the legal discharge of any pollutant into the waters of 
the State, including groundwaters. Rules relating to  the 
pollutant discharge elimination system are set forth in 
Chapter NR 200 of the Wisconsin Administrative Code. 

Discharges for which permits are required include the 
following: 

1. The direct discharge of any pollutant t o  any 
surface water. 

2. The discharge of any pollutant, including cooling 
waters, to any surface water through any storm 
sewer system not discharging to publicly owned 
treatment works. 

3. The discharge of pollutants other than from agri- 
culture for the purpose of disposal, treatment, 
or containment on land areas, including land dis- 
posal systems, such as ridge and furrow, irrigation, 
and ponding systems. 

Certain discharges are exempt from the permit system, 
including discharges to publicly owned sewerage works; 
discharges from vessels; discharges from properly func- 
tioning marine engines; discharges of domestic sewage to 
septic tanks and drain fields, which are regulated under 
another section of the Wisconsin Administrative Code; 
the disposal of septic tank pumpage and other domestic 
waste, also regulated by another section of the Wisconsin 
Administrative Code; and the disposal of solid wastes, 
including wet or semiliquid wastes, when disposed of at 
site licensed pursuant to another section of the Wisconsin 
Administrative Code. 

The Department of Natural Resources may issue permits 
for the discharge of pollutants only on the condition that 
such discharges meet the following criteria when applic- 

able: effluent limitations; standards of performance for 
new sources; effluent standards; effluent prohibitions; 
and pretreatment standards. In addition, more stringent 
standards may be set to comply with federal or state 
laws, water quality regulations, or maximum daily loads. 
Standards for various processes are stated in Administra- 
tive Code Chapters NR 200 to 297. The Department 
of Natural Resources may also prescribe conditions 
for permits to insure compliance with the above-stated 
requirements. The Administrative Code indicates that 
permits may include the following conditions: 

The discharge of any pollutant more frequently 
than or at a level in excess of that identified 
authorized by the permit shall constitute a vio- 
lation of the terms and conditions of the 
permit; facility expansions, production increases 
or process modifications which result in new 
or increased discharges of pollutants at fre- 
quencies or levels in excess of the maximum 
discharges described in the permit shall be 
reported to  the Department; the permittee 
shall permit authorized representatives of the 
Department to  enter upon any premises in 
which an effluent source is located or in which 
any records are required to  be kept for the 
purposes of examination. The permittee shall 
at all times maintain and efficiently operate 
any facilities or systems installed by the per- 
mittee to achieve compliance with the terms 
and conditions of the permit. Where a toxic 
effluent standard or prohibition including any 
scheduled compliance specified in such effluent 
standard is established and such a toxic pollu- 
tant is present in the permittees discharge and, 
if such standard or prohibition is more stringent 
than any limitation upon such pollutant in the 
permit, the Department shall revise the permit 
to include the more stringent standard. 

In addition, all rules promulgated by the Wisconsin 
Department of Natural Resources pursuant to the Wis- 
consin Pollution Discharge Elimination System shall 
comply with the requirements of the Federal Water 
Pollution Control Act. 

Chaptel. 147 permits are not to have a term of more 
than five years. Any permit is subject to  future modifica- 
tion, suspension, or revocation by the Department of 
Natural Resources. Other duties of the Department 
include promulgating a list of categories of point sources 
and applicable effluent limitations, appropriate water 
quality limitations, standards of performance for each 
category of sources, and pretreatment standards. 

Any discharge exceeding established limits will constitute 
a violation of the permit and must be reported to  the 
Wisconsin Department of Natural Resources. Whenever 
the Department of Natural Resources receives informa- 
tion that any person is violating any section of Chap- 
ter 147 pertaining to  discharge permits or any rule 
adopted pursuant to  it, the Department of Natural 
Resources is to  refer the matter to  the Wisconsin Depart- 



ment of Justice. Under Chapter 147, civil and criminal 
remedies are provided when persons violate its provisions 
or rules promulgated according to it. Among these are: 
civil action for temporary or permanent injunction; for- 
feitures of up to $10,000 per day of violation; fines 
ranging up to $50,000 per day of violation; and imprison- 
ment of up to one year in a county jail. 

The establishment of the Wisconsin pollution discharge 
permit system is a significant step both in terms of the 
data provided concerning point sources of pollution and 
in terms of the regulatory aspects of the permit system, 
including a listing of the treatment requirements and 
a schedule of compliance setting forth dates by which 
various stages of the requirements imposed by the permit 
shall be achieved. It is envisioned that the water quality 
management plans prepared pursuant to the te&s of 
the Federal Water Pollution Control Act will be fully 
reflected in the permits issued under the pollutant 
discharge elimination system. As such, the pollutant 
discharge permit system becomes the primary vehicle 
for implementation of the basic goal of the Federal 
Water Pollution Control Act; namely, achieving the 
water use objectives for the receiving waters. 

Groundwater Quality Law 
Although Public Law 92-500 did not include reauire- 
ments For groundwater quality management, chap& 147 
of the Wisconsin Statutes includes provisions for the pro- 
tection of groundwater. The term "waters of the state" is 
defined by Section 147.015 to include water in wells and 
groundwaters. With the exceptions noted earlier in this 
chapter, the Wisconsin pollutant discharge elimination 
system applies to  groundwaters. Section 144.025(2)(e) 
regulates the withdrawal of water from all wells exceed- 
ing 100,000 gallons a day. The Department of Natural 
Resources must determine whether the withdrawal will 
adversely affect or reduce the availability of water t o  
any public utility. In general, Wisconsin does not have 
extensive groundwater regulatory controls. Wisconsin 
Common Law dealing with groundwater relates for the 
most part to  allocation and usage of groundwater among 
individuals. In the recent case of state v. Michels pipeline 
Construction ~ n c . ? ~  the Wisconsin Supreme Court adopted 
the "American rule" relating to  groundwater usage. In 
short, this rule declares that-it isg privilege to  use the 
waters beneath the land and that this privilege does not 
represent an unqualified right to  groundwater. When 
injury does occur, cost will be allocated depending upon 
the relative position of the parties and their capacity to  
bear the additional costs. An extensive discussion of 
groundwater law in Wisconsin may be found in Chap- 
ter IV of SEWRPC Technical Report No. 2 (Revised 
Edition), Water Law in Southeastern Wisconsin. 

Continuing Planning Process 
Section 147.25 of the Wisconsin Statutes requires the 
Department of Natural Resources to establish a continu- 
ing water pollution control planning process for all waters 

43 State u. Michels Pipeline Construction, Inc., 63 Wis. 2d 
278, 21 9 N. W. 2d 308 (1 974). 

of the State. Such a plan must include the following: 
adequate effluent limitations and compliance schedules; 
incorporation of all areawide, basin and state land use 
plans; maximum daily pollutant loads; revision proce- 
dures; implementation procedures; water treatment 
residual waste disposal controls; and priority ranking of 
needs of waste treatment facility construction. The above- 
mentioned priority system is set out in Chapter NR 160 
of the Wisconsin Administrative Code. Factors utilized in 
determining the priority ranking include existing water 
quality, existing health hazards, assimilative capacity of 
reviewing streams, the need for advanced wastewater 
treatment, population, and the type of project. 

Sludge Disposal 
Section 147.02 states that the disposal of sludge from - 
a treatment facility without a permit is unlawful. Sec- 
tion 147.01 includes sludge within the definition of 
pollutant and thus falling within Chapter 147 permit 
requirements. Wisconsin Administrative Code Chapter 
NR 110.27 relating to  sludge handling and disposal 
requires a procedure to monitor the types, quantities, 
and disposal sites of sludge generated at sewage dis- 
posal plants. Discharge permit conditions will include 
requirements for each sludge generation site concerning 
the handling and ultimate disposal of the sludge. To 
date, Technical Bulletin No. 88, Guidelines for the 
Avvlication of Wastewater Sludge to Apricultural Land - - - 
in Wisconsin, written by the Wisconsin Department of 
Natural Resources. is the avvlicable guideline for surface 
disposal of sludge' on agri'c;ltural l k d  sites. Technical 
Bulletin 88 discusses the properties of sludge, alternative 
handling methods, factors which determine environ- 
mentally acceptable loading rates, current application 
technology and site selection, management, and monitor- 
ing. This bulletin does not consider specifics of all pos- 
sible site properties, handling options, and management 
variables. General recommendations of Technical Bulle- 
tin 88 are the following: 

1. Raw sludge should not be applied to agricul- 
tural land. 

2. Sludge should be applied t o  soils consis- 
tent with the nitrogen needs of the crops 
being sown. 

3. At least two feet and preferably greater than 
four feet of soil should exist between the 
sludge application zone and bedrock, any 
impermeable layer or the water table. 

4. To ensure adequate protection of water sup- 
plies, the sludge application site should be 
a minimum of 1,000 feet from the nearest 
public water supply well and 500 feet from 
the nearest private water supply well. 

5. Sludge should not be applied to  soil in 
the year the area is used for any raw crops 
or other vegetables which are consumed 
uncooked. 



6. If sludge is surface applied to  sloping land, 
runoff should be minimized by use of con- 
tour strips, terraces, and boundaries. 

7. Pasture land should not be used for milk 
cow feeding for two months following 
sludge application. Other animals should 
not graze pasture land or be fed green 
crop material for at least two weeks after 
sludge application. 

8. Metal loadings must be kept within accept- 
able limits to minimize the potential of crop 
damage or food chain accumulation. The soil 
pH must be maintained at 6.5 or greater. 

9. Application systems must be such that they 
minimize the runoff potential and odor 
problems while remaining cost effective. 

10. Sludge application sites should be at least 
500 feet from the nearest residence. If 
sludge is injected or incorporated into the 
soil, a reduction in this distance is possible. 

11. Site management must be such that nutrient 
deficiency and soil acidity problems do not 
occur, public access is limited, and crop 
yields are maximized. 

12. Site monitoring should be the responsibility 
of the municipality?4 

Chaper 30-Navigable Waters, Harbors, and Navigation 
This chapter of the Wisconsin Statutes addresses a wide 
variety of concerns. All lakes and streams within the 
State which are navigable in fact are declared to  be 
navigable and public waters by Section 30.10 of the 
Wisconsin Statutes. In the administration of Chapter 30, 
the Department of Natural Resources routinely considers 
the potential water pollution affects of waterways 
modifications and management activities. This chapter 
regulates the following areas dealing with navigability: 
establishment of bulkhead lines; structures and deposits 
in navigable waters; cutting and removal of weeds in 
navigable waters; regulation of wharves and piers; diver- 
sion of water from lakes and streams; enlargement and 
protection of streams; removal of material from beds 
of navigable waters; and changing stream courses. Sec- 
tion 30.125 declares it to  be a nuisance to  cut weeds 
from any navigable waters and not remove such weeds. 

44 Technical Bulletin No. 88. Guidelines for the Awwlica- * .  

tion of Wastewater Sludge to Agricultural Land in Wis- 
consin. Denartment of Natural Resources, w. 29. 1975. . . 
For a more detailed and comprehensive review of digal 
structures affecting sludge management. see SEWRPC 
Planning ~ e i o r t  N;. 29,A ~ e ~ i o n a l  sludge Management 
Plan for Southeastern Wisconsin. 1977. 

Chapter 30 of the Wisconsin Statutes also deals with 
the development and operation of harbors including: 
municipal authority to make harbor improvements; 
financing harbor improvements; and the powers and 
duties of harbor commissions. In addition, Chapter 30 
includes various sections dealing with the regulation of 
boating including the following: traffic rules for boating; 
restrictions on speed and use of outboard motors; and 
provisions for local regulations of boating. A major boat- 
ing regulation which relates directly to water quality is 
the requirement contained in Section 30.71 of the 
Wisconsin Statutes regulating boats equipped with toilets 
and the subsequent disposal of land. No boats equipped 
with toilets may be operated on Wisconsin outlying or 
inland waters unless the toilet wastes are retained for 
shore disposal by means of facilities constructed and 
operated in accordance with rules adopted by the Depart- 
ment of Health and Social Services. 

Chapter 31-Regulation of Dams and 
Bridges Affecting Navigable Waters " " " 
The Department of Natural Resources is the Wisconsin 
agency authorized to regulate the placement, develop- 
ment, and construction of dams and bridges affecting 
navigable waters. Before any dam affecting navigable 
waters may be constructed, a permit must first be 
obtained. Upon receipt of an application for a permit, 
a public hearing will be conducted by the Department 
of Natural Resources. In addition, no owner of any dam 
may abandon or alter such dam without first obtaining 
a permit from the Department. Finally, any dam which 
is not in compliance with the provisions of Chapter 31 
and regulations established by the Department of Natural 
Resources is deemed to be a nuisance and the construc- 
tion or maintenance of such dam may be enjoined or 
abated. As with Chaper 30, Chapter 31 is administered by 
the Department of Natural Resources, with consideration 
of water quality changes which might be induced by 
the construction, modification, or removal of any dam 
or bridge. 

Aquatic Nuisance Control 
Before any aquatic nuisance control project is com- 
menced, a permit must be obtained from the Wisconsin 
Department of Natural Resources. Section 144.025(2)(i) 
requiring that all applications for chemicals for the 
control of aquatic nuisances be supervised by a represen- 
tative of the Wisconsin Department of Natural Resources. 
This requirement concerning Department supervision 
may be waived if 1) the area to  be treated is less than 
one acre, 2) the treatment area is limited to  the waters 
adjacent to the applicant's own shoreline, 3) the total 
treatment is limited to 10 percent of the total lake 
shoreline, 4) chemicals used are endothal, diquat, or 
2, 4-D, and 5) products used are registered by the Wis- 
consin Department of Agriculture for aquatic use. All 
chemicals used to control aquatic nuisances must be 
labeled for such use by the Environmental Protection 
Agency and requested for aquatic use by the Wisconsin 
Department of Agriculture. Finally, the use of chemicals 
is exempt from the provisions of Wisconsin Adminis- 
trative Code Chapter NR 107 when used in water tanks 



used for potable water supplies, swimming pools, and 
groundwater and wastewater holding tanks. 

State Environmental Policy Act 
The Wisconsin Legislature in April 1972 created Sec- 
tion 1.11 of the Wisconsin Statutes relating to govern- 
mental consideration of environmental impact. In many 
ways, the state legislation parallels the National Environ- 
mental Policy Act of 1969 discussed earlier in this 
chapter. Under this state legislation, all agencies of the 
State must include a detailed environmental impact 
statement in every recommendation or report on pro- 
posals for legislation or other major actions which would 
significantly affect the quality of the human environment. 
The contents of this statement parallel the contents 
required in the federal environmental impact statements. 
The Wisconsin Environmental Policy Act requires that all 
major state actions significantly affecting the environ- 
ment be analyzed under the procedures of Section 1.11 
of the Wisconsin Statutes, except for those actions 
exempted under Section 147.30. 

Regulatory actions taken by the department to 
eliminate or control environmental pollution 
shall be exempt from the provisions of s. 1.11 
other than: 

(1) Involvement in federal financial assistance 
grants for the construction of publicly 
owned treatment works; 

(2) Financial assistance under s. 144.21; and 

(3) Issuance of permits or approvals for new 
sources of environmental pollution.45 

Nonpoint Sources of Pollution 
In any discussion of an institutional framework on a state 
level concerned with nonpoint or diffuse sources of pollu- 
tion, those state regulatory authorities relating to the use 
and management of the land surface must be discussed as 
they may affect water quality. An important relationship 
exists between state and local authorities concerning this 
topic. In the usual case, it is the state which provides 
general standards and some technical assistance, while 
the county, city, or village administers a locally prepared 
ordinance which is suitable for specific conditions. The 
following discussion examines existing state legal struc- 
tures relating to  the control of nonpoint or diffuse 
water pollution. 

Chapter 236: Chapter 236 of the Wisconsin Statutes was 
enacted primarily to  regulate the subdivision of the land. 
A subdivision is defined in Section 236.02(8) as a division 
of land for the purpose of sale. Such division creates five 
or more parcels of land 1.5 acres each in area, or five or 
more parcels of 1.5 acres each or less are created by 
successive subdivisions within a period of five years. 
Section 236.03 requires that any division of land which 
falls within the definition of subdivision must be sur- 

veyed, approved, and recorded. An elaborate scheme 
of plat approval is then presented. As a condition of 
this approval, if the land lies within 500 feet of the 
ordinary high water mark of any navigable stream, lake, 
or other body of navigable water or if the land involves 
lake or stream shorelands, the Department of Natural 
Resources may require assurance of adequate drainage 
areas for private sewage disposal systems, setback require- 
ments, and provision for public sewage disposal facilities. 

Chapter 236 then goes on to list surveying, layout, and 
final plat requirements. Plats must be sent by the clerk 
of the approving authority to  the Department of Local 
Affairs and Development and, if the subdivision is not 
sewered, to the Department of Health and Social Services 
for compliance with proper sanitary code requirements. 
In addition, a plat must be submitted to  the State High- 
way Commission for review if the subdivision abuts 
a state trunk highway. Finally, authority is given to 
municipalities, towns, or counties to enact ordinances 
which govern the subdivision or other division of land 
which are more restrictive than those requirements con- 
tained in Chapter 236. 

The overall purpose of Chapter 236 is the utilization of 
land in an orderly and systematic manner. Proper platting 
of land will ensure that growth will not. extend to areas 
not capable of absorbing large amounts of growth. 
Specific provision is made in Chapter 236 governing those 
subdivisions which lie in close proximity to navigable 
bodies of water. In such cases, adequate drainage areas 
for private sewage systems, set back restrictions, or provi- 
sions by the subdivision owner for public sewage disposal 
facilities must be provided. 

Chavter 92-State Board of Soil and Water Conservation 
~is tr ic ts :  Chapter 92 of the Wisconsin Statutes provides 
for the creation of the State Board of Soil and Water 
Conservation Districts (BSWCD). The state board acts 
primarily as a coordinator and advisor to  the local county 
Soil and Water Conservation Districts. The BSWCD 
possesses the authority to: offer appropriate assistance to  
county soil and water conservation districts, disseminate 
useful information to local districts, secure the coopera- 
tion of other government agencies, coordinate the 
programs of the county soil and water conservation 
districts including the apportionment of project cost- 
sharing funds up to 50 percent of the local district's 
yearly cost, and coordinate small watershed projects 
as provided by Public Law 83-566. In addition, the 
BSWCD is given authority to "approve or disapprove 
the plans or programs of the districts and disapprove 
any such plans or programs or any portion thereof found 
by a regional planning commission to contradict or be 
in variance with its approved plan or pr0gram."~6 

The Board of Soil and Water Conservation Districts 
(BSWCD) is also charged with the important role in state 
programs of cost-sharing with land owners the expense 
of agricultural nonpoint source controls. Specifically, 

45 Sec. 14 7.01 (1) .  46 Sec. 92.04(4)(L). 



Section 92.21 of the Statutes was created and $265,000 
was appropriated on a one-time basis to  be disbursed by 
the BSWCD through the local soil and water conservation 
districts. In the administration of the continuing appro- 
priations for the "Wisconsin Fund," the Board of Soil 
and Water Conservation Districts (BSWCD) is charged to 
assist the Department of Natural Resources in developing 
administrative rules; assist each local management agency 
with technical, financial, and educational aspects of the 
program; and to assist in administering the grants locally. 
This program is one of four important cost-sharing pro- 
grams for agricultural land management practices. The 
other three, discussed elsewhere in this report, are the 
long-standing U. S. Department of Agriculture, Agricul- 
tural Conservation Practices (ACP) program; the Rural 
Clean Water Program established under Section 208Cj) of 
the Federal Clean Water Act; and the "Wisconsin Fund." 

Floodplain Regulation: Section 87.30 of the Wisconsin 
Statutes authorizes state promulgation of floodplain 
regulations. Counties, cities, and &ages are given the 
initial opportunity to  enact a reasonable and effective 
floodplain zoning ordinance under threat of a state- 
imposed ordinance in the event the county, village, or 
city is reticent to  take such action. Proper administrative 
procedures must be followed by the Department of 
Natural Resources in the adoption of a floodplain zoning 
ordinance applicable to a local unit of government. An 
affected county, city, or village shall be given an oppor- 
tunity to contest action by the Department of Natural 
Resources in promulgating a floodplain zoning ordinance. 

Any ordinance adopted by a county, city, or village may 
also be reviewed for its adequacy. Once a floodplain 
ordinance is adopted by the State, this ordinance shall 
have the same effect as if adopted by a county, city, or 
village. Enforcement and administration of the ordinance 
is the duty of the particular county, city, or village. Any 
structure placed or maintained within a floodplain in 
violation of an ordinance adopted pursuant to  Sec- 
tion 87.30 of the Wisconsin Statutes is a public nuisance 
and may be enjoined or abated by an action instituted 
by the appropriate county, city, or village. In addition, 
a fine of not more than $50 may be imposed. 

Shoreland Regulation: Counties are given authority 
to zone unincorporated lands within 1,000 feet of 
a navigable lake, pond, or flowage, or 300 feet of a river 
or stream or to the landward side of the floodplain, 
whichever distance is greater. Any shoreland zoning 
ordinance enacted pursuant to Section 59.971 of the 
Wisconsin Statutes must be consistent with any com- 
prehensive zoning plan or general zoning ordinance 
enacted by the county. Such a zoning ordinance may 
be enacted to  effectuate the purposes of Section 144.26 
of the Wisconsin Statutes relating to the protection of 
navigable waters and shorelands. If a county does not 
adopt a shoreland zoning ordinance or if an adopted 
ordinance fails to  meet reasonable minimum standards, 
the Department of Natural Resources is authorized to 
adopt an ordinance applicable to  the county. The Depart- 
ment of Natural Resources shall follow the procedures 
specified in the adoption of a floodplain zoning ordi- 

nance mentioned earlier in this chapter. In addition, the 
Department of Natural Resources shall consider the 
following criteria in promulgating a shoreland zoning 
ordinance: preservation of healthful aquatic recreation 
conditions; demands of water traffic; building setbacks; 
preservation of shore growth and cover; conservancy uses; 
and residential and commercial development. 

Inland Lake Protection: The Wisconsin legislature author- 
ized the State of Wisconsin to  initiate a conjunctive 
state and local program of lake protection and rehabilita- 
tion. An Inland Lakes Protection and Rehabilitation 
Council was created to  advise the Department of Natural 
Resources on matters pertaining to  inland lake rehabilita- 
tion and protection. Among the duties of this Council 
are the following: 

Recornmendating a classification system for 
the selection of eligible lakes for study or 
treatment and for determining priority of 
treatment among eligible lakes; taking into 
consideration such factors as amount of public 
use and private development, potential for 
adequate pollution and erosion controls within 
the drainage basin, special environmental 
values, potential for future successful manage- 
ment, and other factors.47 

In addition, the Council may recommend standards 
and guidelines for lake rehabilitation plans. 

The Department of Natural Resources is to  adopt any 
necessary rules and regulations relating to  lake protection 
and rehabilitation projects and administration. The 
Department of Natural Resources shall also conduct 
inventories and studies and provide assistance to Local 
Inland Lake Protection and Rehabilitation Districts in 
the formulation of lake rehabilitation plans. These plans 
shall examine sources of pollutants or nutrients, causes 
of lake degradation, and remedial courses of action to 
prevent continued degradation. In addition, the Depart- 
ment of Natural Resources has final approval authority 
over any inland lake rehabilitation and protection plan 
formulated by the local Inland Lake Protection and 
Rehabilitation District. In reviewing such plans, the 
Department of Natural Resources is to  consider the 
following areas: environmental impacts, necessary per- 
mits, comments of the Soil and Water Conservation 
District and regional planning commission and any other 
areas which the Department by rule deems necessary. 
Upon approval by the Department of Natural Resources 
of the rehabilitation or maintenance project the following 
implementation measures may be undertaken by the 
Public Inland Lake Protection and Rehabilitation Dis- 
trict: aeration, nutrient diversion, nutrient removal, 
erosion control, sediment manipulation, and bottom 
treatments. In addition, state aid is available for such 
projects up to 90 percent of the total costs. The Depart- 
ment of Natural Resources has review authority over 
application for such state financial assistance. 

47 Sec. 33.05(1). 



Pesticide Regulation: The Wisconsin Department of Agri- 
culture is empowered by Chapter 94 of the Wisconsin 
Statutes to regulate pesticides. All pesticides distributed, 
sold, or offered for sale within the State of Wisconsin 
must be registered annually with the Department of 
Agriculture. In addition, Department regulations have 
been adopted which control the use, sale, labeling, 
distribution, and storage of pesticides within the State. 
Specific pesticides are prohibited or restricted to  the 
extent that they may be sold only with a permit. The 
Department of Agriculture is also authorized to adopt 
rules and regulations regarding the application, use, and 
disposal of those pesticides authorized for use within 
the Region. Section 29.29(4) authorizes the Department 
of Natural Resources to adopt rules governing the use of 
any pesticide which the Department finds to  be a serious 
hazard to wildlife. Such rules are not effective until 
approved by the Pesticide Review Board, an interagency 
board advisory to  the Wisconsin Department of Agricul- 
ture and composed of representatives of the Department 
of Natural Resources, the University of Wisconsin, and 
the Wisconsin Department of Agriculture. 

Water Conservation: In 1978, the Wisconsin State Legis- 
lature passed Chapter 275 of the Laws of 1977 creating 
Sections 145.25 and 145.02(5) of the Wisconsin Statutes, 
which prohibit the sale, purchase, or installation of 
nonwater-conserving plumbing fixtures, and require all 
new or replacement plumbing fixtures, except for kitchen 
facilities, to meet water conservation standards. The 
law was published on May 1 ,  1978, and takes effect 
January 1, 1979. Under this section, the Wisconsin 
Department of Health and Social Services is to promul- 
gate rules requiring in any public or private building 
a maximum flow rate of three gallons per minute in 
showerheads and a maximum volume of four gallons per 
flush in water closets. In private homes, a maximum flow 
rate of three gallons per minute is prescribed for faucets 
in washbasins, and other water conservation measures 
established by administrative rules are also required to 
be achieved. In addition, public restrooms are to be 
equipped only with low-volume, hand-activated urinals 
with automatic shut-off valves allowing for no more 
than 1.5 gallons of water delivery, and with lavatory 
faucets with automatic shut-off valves allowing for no 
more than one gallon of water delivery after the handle 
of the valve is released. Selected exemptions from any 
of these requirements are allowed to  provide for public 
health and safety, a two-year period for clearance of 
previously acquired inventories of plumbing fixtures, 
any market shortages of the prescribed fixtures, and 
specially designed sewer systems requiring higher rates 
of flow. 

Low Phosphorus Detergents: A limit of 0.5 percent 
phosphorus by weight for more detergent products sold 
in Wisconsin was enacted in Chapter 375 of the Laws 
of 1977, signed by Acting Governor Martin J.  Schreiber 
on May 11, 1978, and became effective May 20, 1978. 
Special exemptions are provided for medical and surgical 
cleaning substances, for water conditioners, for industrial 
process cleaning substances, and for cleaning dairy and 
related equipment. Under this law, the phosphorus ban 

would be in effect from July 1 ,  1979 through June 30, 
1981. By January 1, 1982, the Department of Natural 
Resources is to report to the legislature on the effect 
of this ban. 

LOCAL WATER QUALITY MANAGEMENT 

Federal and state authorities relating to  the control of 
point and nonpoint sources of pollution were discussed 
above. It is also important to identify existing authorities 
of local units of government. This is particularly neces- 
sary because Section 208(c)(2)(A-I) of the Federal Water 
Pollution Control Act mandates that designated manage- 
ment agencies must possess certain pollution abatement 
authority including the ability to carry out appropriate 
portions of an areawide waste treatment management 
plan; to  manage effectively waste treatment works and 
related facilities; directly or by contract to design and 
construct new works and to operate and maintain new 
and existing works required by the areawide plan; to  
assure in the implementation of the areawide waste treat- 
ment plan that each participating community pays its 
proportionate share of the treatment costs; to refuse to 
receive wastes from any municipality or subdivision 
thereof which does not comply with any provisions of 
an approved plan; and to accept industrial wastes for 
treatment. The ability of local units to incur long-term 
and short-term indebtedness will be discussed in Chap- 
ter VII of this report. A detailed examination of local 
units is necessary because areawide water quality plan 
implementation is dependent upon the designation of 
qualified management agencies. Specific authority to 
implement the areawide plan must be identified. In addi- 
tion, any areas where adequate authority is lacking must 
be identified. 

The following section assesses the ability of four general- 
purpose units of government including towns, villages, 
cities, and counties and eight special-purpose units 
of government including soil and water conservation 
districts, inland lake protection and rehabilitation dis- 
tricts, drainage districts, metropolitan sewerage districts, 
the Milwaukee Metropolitan Sewerage District, joint 
sewerage districts, utility districts, and town sanitary 
districts. Each unit of government is discussed with 
respect to the following criteria: the authority to plan, 
construct, operate, and maintain new and existing treat- 
ment facilities for the control of point source pollution; 
the authority to accept industrial wastes; the authority 
to refuse t o  receive wastes from any municipality or 
subdivision thereof which does not comply with any 
provision of an approved areawide water quality manage- 
ment plan; the authority to insure that each participating 
community pays its proportionate share of any treatment 
costs; the authority to plan, construct, operate, and 
maintain facilities or structures for the control and abate- 
ment of nonpoint source pollution; and the authority 
to enact and enforce regulations for the control and 
abatement of nonpoint source pollution. 

The importance of this analysis should not be under- 
stated. It is clear that any agency which is to be desig- 
nated must possess sufficient authority to  implement 



relevant portions of the water quality management plan. 
If sufficient authority is not present, suggested legislative 
and administrative amendments will be set forth. This 
initial inventory of the strengths and weaknesses of exist- 
ing local units of government will support the specific 
analyses and designation of management agencies. 

Towns 
Town government, together with county government, 
is one of two general-purpose units of government 
which have jurisdiction in Wisconsin's unincorporated 
areas. A major distinction between towns and cities 
or villages is that authority for towns is effectively 
limited to  those areas where such authority is specifically 
enumerated in the Wisconsin Statutes. Wisconsin Statu- 
tory Law currently allows town electors to give the 
town board all of the powers of a village board except 
those authorities which may conflict with originally 
prescribed town powers. Town government has general 
statutory authority to act effectively in point source 
pollution abatement and control. A general restricting 
factor is that annual town meeting approval is usually 
required before any expenditures are incurred, unless the 
town board has been given specific statutory authority 
for that expenditure. 

Authority to  Plan, Construct, Operate, and Maintain New 
and Existing Waste Treatment Facilities for the Control 
of Point Source Pollution: Section 66.077 of the Wis- 
consin Statutes provides that any town: 

may construct, acquire, or lease, or extend 
and improve a plant and equipment within or 
without its corporate limits for the furnishing 
of water to the municipality or to its inhabi- 
tants, and for the collection, treatment, and 
disposal of sewage, including the lateral, main, 
and intercepting sewers, and all equipment 
necessary in connection therewith. 

An opinion of the Wisconsin Attorney General states 
that this section does not require that a town establish 
a joint sewer and water system but, rather, that a town 
may establish only a sewer system?* In addition, Sec- 
tion 66.076 of the Wisconsin Statutes provides towns 
with authority to: 

construct, acquire, or lease, extend or improve 
any plant and equipment within or without its 
corporate limits for the collection, treatment, 
and disposal of sewage including the lateral, 
main and intercepting sewers necessary in 
connection therewith . . . ." 

Towns have the option of providing sewerage services for 
all or part of a town through the creation of a utility 
district or a town sanitary district. A more extensive 
discussion of these two special purpose units of govern- 
ment is presented later in this chapter. 

48 63 Op  At ty .  Gen. 343 ( 1  974). 

Town boards in counties with populations greater than 
150,000 are authorized, upon receipt of a petition signed 
by two-thirds of the property owners of a particular 
block or street, to construct sewers within the approved 
area. As was mentioned earlier, Section 60.18(12) author- 
izes a town board to  be vested with and exercise village 
board powers. Village powers in this area are discussed 
below; however, it is clear that villages have authority 
to lay out, open, change, or extend sanitary and storm 
sewers. In addition, any town board exercising the 
powers of a village in providing sewerage service must 
comply with those procedures and statutes regulating 
similar conduct by the village board. Finally, town boards 
are authorized by Section 60.29(30) to extend treatment 
facilities to  unincorporated villages. Such town boards 
must be authorized to exercise village powers before such 
facilities are extended to unincorporated villages. 

Authority to  Accept Industrial Wastes: Towns are author- 
ized to  deal with commercial and industrial establish- 
ments for purpose of abating or preventing water pollu- 
tion. Section 66.33 provides for the following contracts 
or agreements: the collection, treatment, and disposal of 
sewage and industrial wastes; the municipal usage of 
industrial or commercial sewage collection, treatment, or 
disposal facilities; and the coordination of sewage collec- 
tion, treatment, and disposal facilities of municipalities 
and industrial or commercial establishments. 

Authoritv to  Refuse to  Receive Wastes from Anv Muni- 
cipality or Subdivision Thereof Which Does Not Comply 
with Any Provision of an Approved Areawide Water 
Quality Management Plan: There is no specific grant of 
authority enabling towns to  refuse to  accept wastes from 
any municipality or subdivision thereof; however, the 
planning and zoning authority possessed by a town may 
achieve this function. Section 60.74 authorizes towns to 
adopt a zoning ordinance which may regulate or restrict 
the location and size of industries and residences. In 
addition, towns may utilize village and city planning 
authorities under Sections 62.23 and 61.30 of the Wis- 
consin Statutes. The town may, through the use of these 
statutes, limit the general location and extent of sewers, 
water conduits, and other public utilities. 

Authority to  Plan, Construct, Operate, and Maintain 
Facilities or Structures for the Control or Abatement - -  ~ ~ 

of Nonpoint Source Pollution: There are a large number 
of specific authorizations granting towns the authority 
to  plan, construct, operate, and manage nonpoint source 
abatement facilities. Included in these authorities are the 
following: storm sewers, shoreland acquisition and stream 
improvement projects, industrial pollution control 
projects, dam and shore protection walls, lake improve- 
ments, and watershed protection projects. 

Towns in counties with a population of 150,000 or 
more have authority t o  provide storm sewers under 
Section 60.29(19), and any town may provide storm 
sewers through the utilization of village board powers 
specified in Section 61.36. Although Section 60.29 
mentions only sewers, it may be assumed that storm 
sewers were included because Section 60.64 provides 



towns with specific authority to  finance projects for 
storm sewers. In addition, towns exercising village powers 
may engage in storm sewer projects. Where a town 
sanitary district has been created, storm sewers are also 
authorized. Utility districts may also be created for the 
provision of sewers. Once again, only the term sewers is 
used. Village authority under Section 61.36 specifically 
authorizes villages, and towns which assume village 
authorities, to lay out, widen, or extend roads, streets, 
alleys, and storm sewers. 

Electors at town annual meetings are authorized to  
empower town boards to: 

acquire by gift, grant, device, donation, pur- 
chase, or condemnation or otherwise a suffi- 
cient tract or tracts of land for the reservation 
for public use of river fronts,lakeshores . . . and 
maintain as a wood lot and to preserve and 
reforest the same under regulations approved 
by the Department of Natural ~ e s o u r c e s . ~ ~  

This could be important for potential wetland and fragde 
stream bank acquisitions. A town vested with village 
powers may, pursuant to Section 61.36, alter, open, 
or straighten watercourses. In addition, any property 
rights in lands or waters including rights of access and 
use may be purchased for the public good, which would 
presumably include watercourse improvements. Sec- 
tion 62.25(18), authorizing cities to improve lakes and 
rivers flowing through such cities to protect the public 
health and welfare may be utilized by a town when such 
town has adopted village board powers. Towns without 
village authority are authorized only to  enter upon land 
to remove any obstruction from a nonnavigable stream. 

Section 66.521 authorizes towns to  undertake industrial 
pollution control projects including the development of 
sewage and solid waste disposal facilities. In addition, 
towns are given authority to construct, equip, acquire, 
improve, repair, or enlarge industrial pollution control 
projects. Section 66.521(3) includes financing authority 
for the above-mentioned projects. 

Section 30.30(3)(a) authorizes a town by itself or in 
cooperation with another community to construct and 
maintain shore protection and dock walls along the 
shore of any waterway within the town. In addition, 
this section authorizes a town to order the repair or 
extension of a privately owned shore protection wall 
if such repair, improvement, or construction is required 
to promote health, safety, or welfare. Finally, towns 
are empowered to acquire property for shore protec- 
tion purposes. 

Towns are authorized by Section 31.38 to maintain and 
construct dams across a lake or a stream adjoining or 
within the town limits. No construction works may be 
initiated without securing the appropriate federal and 

state approvals. For any project involving the construc- 
tion, repair, or alteration of any dam, a town is authorized 
to purchase or condemn land for such purposes. 

Section 60.29(44) authorizes a town board to  appro- 
priate an annual sum of money to be used by the town 
for conservation of natural resources. The town may 
either expend these funds or any bona fide nonprofit 
organization may be eligible for a grant. If the latter, 
the organization must provide the town with plans and 
details of such work. In addition, no work resulting 
from these appropriations may be undertaken on any of 
the lakes and streams without the consent and approval 
of the Wisconsin Department of Natural Resources. 

Electors at the annual town meeting are authorized by 
Section 60.18(21) of the Wisconsin Statutes to  raise 
money for developing watershed protection areas or 
projects beneficial to  the town. Such funds may be 
expended by the town or paid to any federal or state 
agency or to  the county soil and water conservation 
district (SWCD) for such purposes. Section 60.18(22) 
includes a similar authorization for a town to raise money 
for soil and water conservation purposes or to  pay all 
or part of the appropriation to  the SWCD. Finally, towns 
are authorized by Section 66.34 to contract to  do soil 
conservation work on privately owned land. No contract 
may involve more than $1,000 for any one person nor 
shall the amount of work done for any one person 
exceed $1,000 annually. 

Towns are empowered to undertake lake improvement 
projects by Section 60.29(29) either on their own initia- 
tive or whenever a petition is presented to the town 
board requesting such improvement projects signed by 
a majority of riparian owners on said lake. When a peti- 
tion is presented, the town shall assess the benefits and 
damages accruing to the riparian property. In no case 
shall the amount assessed exceed the benefits to a par- 
ticular piece of property. 

Authoritv to  Enact and Enforce Reeulations for the - 
Control and Abatement of Nonpoint Source Pollution: 
Towns possess many different types of statutory author- 
ization by which they are able to enact regulatory mea- 
sures to  control nonpoint sources of pollution. Included 
among these authorities are zoning, subdivision, solid 
waste, offensive industry, and boating regulations. For 
a more extensive review of these authorities, the reader 
is advised to  consult SEWRPC Technical Report No. 2, 
Revised Edition, Water Law in southeastern  isc cons& 
and SEWRPC Technical Report No. 6, Revised Edition, 
Planning Law in southeastern Wisconsin. 

Generally, town zoning authority is present when the 
county has not enacted a zoning ordinance. When a town 
possesses this authority, it may enact zoning measures by 
which nonpoint sources of pollution may be controlled. 
Specifically, the town may: 

49 Sec. 60.18(15). 

regulate, restrict and determine the areas within 
which agriculture, forestry and recreation may 
be conducted, the location of roads . . . the 



percentage of lot which may be occupied, size 
of yards, courts and other open spaces, the 
density and distribution of population, and 
the location of buildings designed for speci- 
fied uses . . . .50 

In addition, the town may establish an official map 
showning areas outside of incorporated cities and villages 
which the town board deems is best suited for the 
restrictions mentioned above. It must be remembered, 
however, that the town board must petition the county 
board to adopt a zoning ordinance for that area before 
the town may adopt its own ordinance. If after one year 
the county board has failed to act, then the town may 
proceed with the zoning regulations. 

Town boards are required by Section 60.74(4) to adopt 
an ordinance prescribing rules and regulations which it 
deems necessary for the enforcement of its zoning 
measures including appropriate fines and penalties. 
Existing uses of buildings or premises for industry or 
trade shall not be prohibited; however, any alterations of 
or additions to any existing buildings or structures for 
the purpose of carrying on any prohibited trade or new 
industry within the district where such buildings or 
structures are located may be prohibited. 

A town's park commission shall have the authority to 
recommend zoning district boundaries. If no park com- 
mission is in existence, the town board shall appoint 
a five-member town zoning committee. Either the zoning 
committee or park commission shall hold hearings on 
proposed zoning ordinance changes. Town boards exer- 
cising village authority may adopt zoning ordinances. 
These towncreated ordinances must be approved by 
a vote of the town electors at the annual town meeting 
if the county within which the town is located already 
has a zoning ordinance. A third source of zoning authority 
is a regional planning program. 

Town boards participating in such a program under 
Section 60.29(41) may: 

adopt town zoning ordinances in the manner 
provided in Section 61.35 notwithstanding any 
provision of this section or Section 60.75 
provided that: 

a) such adopted ordinance conforms to the 
regional plan. 

b) such ordinance is approved by the county 
board in counties having a county ordinance. 

d)  the electors of the town have had an oppor- 
tunity to approve or disapprove such ordi- 
nance at a regular annual meeting and have 
not disapproved it.51 

50 Sec. 60.74(1)(~)(1). 

Any county zoning ordinance passed pursuant to the 
provisions of Chapter 59 of the Wisconsin Statutes 
shall not be effective within any town until it has been 
approved by the town board. A county ordinance 
becomes effective in such towns as of the date of filing 
.of an adopted resolution. In addition, in the event of 
a conflict between a town and county zoning ordinance, 
the countywide ordinance controls except where a town 
ordinance has been passed by a town board possessing 
village board powers or a town is part of a regional plan- 
ning program. A town also has approval authority over 
any comprehensive revisions or amendments to the 
countywide zoning ordinance which affect the particular 
town. Where a town fails to approve a comprehensive 
revision within a year of the passage of the ordinance by 
the county board, both the existing ordinance and the 
revision shall have no force. Section 59.971 specifically 
exempts any county shoreland zoning ordinance from the 
town approval requirement. However, any existing town 
shoreland zoning ordinance containing requirements 
stricter than that of the county ordinance will remain 
in force. Section 87.30 does not contain an exemption 
from the town approval requirements. A recent Attorney 
General opinion has stated that town approval is not 
required for a state promulgated ordinance. 

Villages and cities are empowered to enact extraterritorial 
zoning ordinances within adjacent towns. Villages and 
cities may enact an interim extraterritorial zoning ordi- 
nance designed to preserve existing uses. Notice is first 
given to county and town clerks. A joint extraterritorial 
zoning committee is created with three members from 
each affected town, and together with the city or village 
plan commission the extraterritorial zoning committee 
prepares an extraterritorial plan, amendments, and 
regulations. A city or village governing body may not 
adopt a proposal unless it is first adopted by a majority 
vote of the joint extraterritorial committee. A recent 
case has upheld the concept of interim zoning and held 
that county board approval of an interim extraterritorial 
zoning ordinance was not necessary for that ordinance to 
be valid.52 It  is not certain as to whether town or county 
board approval on a permanent extraterritorial zoning 
ordinance is required although there is a strong argument 
to be made against requiring county board approval 
based on the reasoning of the abovecited case. 

Chapter 236 of the Wisconsin Statutes provides authority 
for towns which have established planning agencies to 
adopt subdivision control ordinances which are more 
restrictive than the state requirements as found in Chap- 
ter 236. Such ordinances may have any of the following 
purposes: promotion of the public health, safety, and 
general welfare; furthering the orderly layout of residen- 
tial areas; and encouraging the most appropriate and 
efficient land use. In addition, Chapter 236 grants towns 
the authority to approve or disapprove plats for the 
subdivision of land. A plat submitted for approval must 
be in compliance with any applicable town ordinance. 

52 Walworth County v. City of Elkhorn, 27 Wis. 2d 30 
(1 965). 



Section 60.70 of the Wisconsin Statutes prohibits the 
placement of any weeds, sod, brush, machinery, or other 
waste or rubbish in any highway located in a town 
without the written permission of the town board. In 
addition, the transport of rubbish or garbage into or 
within any town for the purpose of dumping or other- 
wise disposing without first securing a permit from the 
town board is prohibited. Municipalities do not need 
such a permit if they own their own disposal grounds 
and confine their disposal methods to sanitary landfill 
or incineration. Finally, towns are granted approval 
authority in Section 66.052(1) of the Wisconsin Statutes 
over city or village ordinances governing refuse, ash, or 
garbage disposal within the town and within one mile 
of the city or village. 

Villages 
Villages are general-purpose units of government created 
under the procedure set forth in Chapter 66 of the 
Wisconsin Statutes. The governing body is the village 
board headed by a village president. Under the Wisconsin 
Constitution, villages are granted home rule authority 
which empowers villages t o  determine their local affairs 
subject only to the limitation of the Constitution. 

Authority to  Plan, Construct, Operate, and Maintain New 
and Existing Waste Treatment Facilities for the Control 
of Point Source Pollution: Villages are given specific 
authority to purchase land to be utilized for sewerage 
or waste disposal purposes by Section 61.34(3) of the 
Wisconsin Statutes. In addition, Section 61.36 of the 
Wisconsin Statutes authorizes the construction of sani- 
tary and storm sewers and the improvement or repair 
of the same. Section 61.39 of the Statutes states that 
villages may utilize city authority found in Section 62.18 
relating to sewers. That section provides villages with 
authority to construct sewerage systems, including 
sewage disposal plants. 

Section 66.077 provides villages with the authority to 
construct waste treatment facilities including lateral, 
main, and intercepting sewers, and any other necessary 
structures. If the village wishes, it may by resolution 
provide for a combined water-sewerage system. If these 
facilities are combined, the villages must follow any 
statutes relating to  water utilities. Villages owning 
a public utility may provide for nonpartisan management 
through the creation of a board of three, five, or seven 
commissioners to  supervise the operation and manage- 
ment of the utility. Villages which have organized 
combined sewer-water utilities may serve persons or 
places outside of their corporate limits including adjoin- 
ing municipalities under authority provided by Sec- 
tions 66.069(2)(a). Such additional area must be specified 
by ordinance, but need not be contiguous. In addition, 
a village may by ordinance fix the limits of utility service 
areas outside of village boundaries. Such areas may be 
enlarged by subsequent ordinance. Section 66.076 
provides additional authority for villages to  construct, 
acquire, lease, or improve any plant for the treatment 
and disposal of sewage. Lateral, main, and intercepting 
sewers are also authorized. Villages may also arrange for 

sewage treatment and disposal service t o  be furnished by 
joint sewerage systems. 

Villages may establish utility districts of which one 
function would be the provision of sewers. A three- 
fourths vote of all the members of a village board shall 
be required to establish a utility district after a required 
hearing is held. Any contract for public construction 
approved by the village board of which the estimated cost 
will exceed $5,000 must be let out to  the lowest public 
bidder. If no acceptable bids are submitted, the village 
may elect to perform the work and furnish materials 
for the particular project. The village is required to keep 
an accurate account of the costs of performing the 
construction itself. 

Authority to  Accept Industrial Wastes: Villages are 
authorized to deal with commercial and industrial estab- 
lishments for the purpose of abating or preventing water 
pollution. Section 66.33 provides for the following con- 
tracts or agreements: the collection, treatment, and 
disposal of sewage and industrial wastes; municipal usage 
of industrial or commercial sewage collection, treatment, 
or disposal facilities; and the coordination of sewage col- 
lection, treatment, and disposal facilities of municipalities 
and industrial or commercial establishments. In addition, 
Section 66.33(4) authorizes a village to  enter into long- 
term or short-term contracts with industrial establish- 
ments or other establishments providing sewage or other 
facilities to abate or reduce the pollution of waters 
caused by industrial discharges. 

Sections 66.52 and 66.521 authorize villages to carry out 
industrial projects designed to promote a village's indus- 
trial development. Projects include pollution control 
facilities and sewage and solid waste facilities. 

Authority to  Refuse to  Receive Wastes from Any Munici- 
pality or Subdivision Thereof Which Does Not Comply 
with Anv Provision of an A~uroved Areawide Water 
Quality Management Plan: There is no specific grant of 
authority enabling villages to refuse to  accept wastes 
from any municipality or subdivision thereof; however, 
the planning and zoning authorities possessed by a village 
may achieve this function. Section 61.35 states that city 
planning powers may be utilized by villages as found in 
Section 62.23. Village planning, official map, zoning, 
and subdivision regulation powers may be utilized to  con- 
trol the provisions of sewer services and facilities within 
the village and surrounding service areas. 

Section 62.23 provides villages with the authority to 
devise a master plan which shall include the location of 
both public and private sewer systems. The village plan 
commission is to make the appropriate determinations 
to control the provision of sewerage service within the 
village. Village zoning authority may be used to  promote 
the health, safety, welfare, and morals of the community 
and may effect the provision of sewerage facilities. This 
authority may be utilized to regulate the size, density, 
and location of buildings within a village. In addition, 
village zoning authority may be extended to include land 



within 1.5 miles of corporate limits. Within the extra- 
territorial area, a village may exercise the same zoning 
power as it exercises within the village boundaries. 

Section 62.23 authorizes villages to enact an ordinance 
establishing an official map. Subsection 6(g) states that 
for any village which has established an official map: 

no public sewer or other municipal street 
utility or improvement shall be constructed 
in any street, highway, or parkway until such 
street, highway, or parkway is duly placed on 
the official map.53 

A final means by which a village may control the provi- 
sion of sewer services is through the use of a subdivision 
control ordinance which contains standards which are 
stricter than those provided in Chapter 236. With a sub- 
division control ordinance, a village may prohibit land 
division in those designated areas to prevent undue 
concentration of population and to provide adequate 
transportation of water and sewerage facilities. 

Authority to Plan, Construct, Operate, and Maintain 
Facilities or Structures for the Control Abatement of 
Nonpoint Source Pollution: In addition to a broad grant 
of home rule authority with which villages may con- 
struct, plan, and manage nonpoint pollution abatement 
projects and programs to promote the health, safety, 
and welfare of the people, villages have many specific 
grants of statutory authority in this area. A short discus- 
sion of some of the major authorities is needed. 

Perhaps the most important grant of authority is found 
in Section 66.34 where a village may: 

contract to do soil conservation work on pri- 
vately owned lands but no such contract shall 
involve more than $1,000 for any one person, 
nor shall the amount of work done for any 
one person exceed $1,000 annually. 54 

Section 66.049 authorizes villages to  remove garbage, 
ashes, and rubbish from the village. Section 66.521 
provides villages with the authority to maintain industrial 
projects dealing with solid waste. 

Section 61.36 authorizes villages to  lay out, open, change, 
widen, or extend storm sewers; establish, open, and 
construct drains, canals, or storm sewers; and alter, 
widen, or straighten watercourses. In addition, Section 
61.34(3) and (3m) authorizes acquisition of easements 
in water and land for the improvement of watercourses. 

Villages having navigable waters within or adjoining 
village boundaries may exercise authority vis-a-vis those 
navigable waters. Villages may construct dock walls 
along any navigable waterway within the village. The 

53 Sec. 62.23(6)(a). 

54 Sec. 66.34. 

village is also authorized to acquire land necessary for 
shore protection and such acquisition may be by con- 
demnation proceedings. In addition, Section 31.38 
authorizes villages to  construct, maintain, and repair 
dams on streams adjoining or within the limits of 
the village. 

Authority to  Enact and Enforce Regulations for the 
Control or Abatement of Nonpoint Source Pollution: 
As was mentioned earlier, villages have several regulatory 
authorities with which to adopt and enforce regulations 
for the control of nonpoint source pollution. Included in 
this list are planning, zoning, official map, building code, 
subdivision control, boating, and pier authority. For 
an extensive discussion of each of these regulatory 
authorities, the reader is urged t o  consult SEWRPC Tech- 
nical Report No. 2, Revised Edition, Water Law in 
Southeastern Wisconsin. and SEWRPC Technical Revort . ~ , ~~ 

No. 6, Revised Edition, Planning Law in Southeastern 
Wisconsin. It is irnvortant to note that villages vossess - * 

city powers to zone, plan, and regulate buildings and to  
adopt official maps. A village board may create a village 
plan commission whose function it is to  prepare and 
adopt a master plan for the village's physical develop- 
ment. Any areas outside a village boundary may be 
included if they bear a relationship to the development 
of the village. Where a regional planning commission is 
established, areas outside of a village may not be included 
in any village plan unless county board approval is 
granted. Briefly, the village master plan may include the 
location, character, and extent of the following: transpor- 
tation facilities, public building sites, public utilities, and 
the comprehensive zoning plan. The general purpose of 
this master plan is to  provide a coordinated and adjusted 
development of the municipality which will best promote 
the public health, safety, and morals. The grant of zoning 
authority is to  be utilized to  promote the health, safety, 
morals, or general welfare of the village. The village board 
may divide the village into districts and may regulate and 
restrict within those districts the use of buildings, struc- 
tures, or land. A Village Board of Zoning Appeals must 
be created. Such a board will determine if any exceptions 
to  the zoning ordinance are t o  be made and hear appeals 
from persons aggrieved by a decision of the zoning 
administrator. A village may exercise extraterritorial 
zoning authority in an unincorporated area within 
1.5 miles of that village's corporate limits. Interim zoning 
ordinances are permissible within the extraterritorial zone 
to  preserve existing uses while a comprehensive zoning 
plan is being developed. An interim zoning ordinance 
has an effective time of two years but may be extended. 
A joint extraterritorial zoning committee may be created 
and may consist of citizen members of the village plan 
commission and members of town boards of affected 
areas. The village plan commission must work with 
the joint extraterritorial committee in preparing the 
zoning. plan and regulations. An ordinance which pro- 
vides for adoption of the extraterritorial plan may also 
provide for enforcement and administration. A town 
which prior to  the adoption of the extraterritorial plan 
had issued building permits may continue to do so 
subject to  approval of the village building inspector prior 
to their issuance. 



Village boards are granted authority in Section 62.23(6) 
to establish an official map of the village. This map is to  
be prepared and adopted in order to promote the public 
health, safety, and general welfare. Once an official map 
has been adopted, no highway, street, parkway, park, 
playground, sewer, or other municipal street utility may 
be located without being in conformance with the official 
map. Section 62.23(9) provides villages with the authority 
to  regulate the construction, alteration, and repair of 
buildhgs. To enforce the regulations concerning build- 
ings, the village may withhold building permits, impose 
forfeitures, seek injunctive relief, and provide for a build- 
ing inspector. It shall be unlawful to  erect a structure 
without first obtaining a building permit from the build- 
ing inspector and such building inspector must adhere to  
a general building code as set forth by the village board. 
Section 62.23(8) states that the governing body may 
cause an illegal structure to be removed or vacated. The 
village board may establish setback requirements and 
prohibit by ordinance construction on any parts of lots 
or parcels of land for purposes of protecting the public 
health, safety, or welfare. A village board is empowered 
to exercise eminent domain authority to  carry out any 
ordinance enacted under Section 62.23(11). 

Villages are required by Section 87.30 to adopt a reason- 
able and effective floodplain zoning ordinance. The 
Department of Natural Resources, after proper request 
is made and public hearing held, shall determine the 
floodplain limits within the village boundaries if the 
village has failed to do this. Once this floodplain deter- 
mination is made, the Department shall adopt a flood- 
plain ordinance as soon as practicable. Any floodplain 
determination or floodplain ordinance shall have the 
same effect as if it were adopted by the village board. 
Section 87.30 provides that every structure or develop- 
ment built or maintained within a floodplain in violation 
of a floodplain zoning ordinance is a public nuisance and 
may be enjoined by a citizen, municipal, or state suit. 
Each day of violation is a separate offense punishable by 
a fine of up to  $50. Villages are not required to adopt 
shoreland zoning ordinances but may enact these ordi- 
nances if they utilize city planning and zoning authorities 
as found in Section 62.23(7). 

Villages which have established a planning agency may 
adopt subdivision ordinances which are more restrictive 
than the requirements of Chapter 236. A village board 
is granted approval authority in Section 236.02 over 
plats for the subdivision of land within a village. Village 
approval of the plat is based on compliance with criteria 
cited in Section 236.13 including requirements of Chap- 
ter 236, any village ordinances, a village master plan, and 
the official village map. In addition, a village board has 
authority to require that a subdivider install necessary 
public improvements or execute a bond to insure that 
improvements will be installed within a reasonable time. 
The village board may require that additional structures 
and devices be installed including sewers, grading, and 
other improvements. Village board approval authority 
is limited to those statutory objections cited in Sec- 
tion 236.13. 

Cities 
Cities are general-purpose units of government granted 
home rule power. They have a broad range of specifically 
enumerated authorities and a wide range of general 
authorities. A very detailed incorporation procedure for 
cities is prescribed by statute. Generally, cities are divided 
into four classes for the exercise and administration of 
different authorities, with first-class cities having greater 
than 150,000 population, second-class cities having 
greater than 39,000 and less than 150,000 population, 
thirdclass cities having greater than 10,000 and less than 
39,000 population, and fourth-class cities having less 
than 10,000 population. 

Authority to  Plan, Construct, Operate, and Maintain 
New and Existing Waste Treatment Facilities for the 
Control of Point Source Pollution: Cities are granted 
wide authority to  deal with point source pollution. 
Section 62.18(1) authorizes cities to construct systems 
of sewerage including disposal plants, additions, altera- 
tions and repairs, and new systems when necessary. In 
addition, Section 66.076(1) provides authority to con- 
struct, acquire, lease, or improve any plant within the 
city limits for the collection, treatment, and disposal of 
sewage wastes including lateral, main, and intercepting 
sewers where necessary. All public works in the city are 
superintended by the board of public works. 

Section 66.072 authorizes cities of the third and fourth 
class to  establish utility districts, and any sewer expenses 
are to  be paid from the funds of that district. These funds 
are provided by property taxed within the districts, and 
serve the function of apportioning the costs among those 
areas where the services provided are greatest. Cities may 
also create sewer districts and special sewer taxes to pay 
for the extension or improvement of the sewer system 
in such districts. 

Cities of the fourth class may provide sewerage service 
under Section 66.077 including disposal plants and 
lateral, main, and intercepting sewers. All statutory 
requirements relating to the maintenance of water utili- 
ties will be applied to any joint system including creation 
of a board of commissioners to provide management of 
the facility. Any city which has a combined sewer-water 
utility may provide sewerage to  areas outside of that city. 
Cities may by ordinance fix the limits of service in such 
unincorporated areas. Any area within an unincorporated 
area receiving such service may be extended by sub- 
sequent ordinance. Cities may provide sewerage services 
to  areas outside of their corporate limits and may inter- 
connect facilities with another municipality whether 
contiguous or not. 

The Metropolitan Sewerage District of the County of 
Milwaukee operates through the Sewerage Commission 
of the City of Milwaukee, which was established pursuant 
to Chapter 608, Laws of Wisconsin 1913, and the Metro- 
politan Sewerage Commission of the County of Mil- 
waukee, which operates and exists pursuant to  the 
provisions of Section 59.96 of the Wisconsin Statutes. 
The Sewerage Commission of the City of Milwaukee 



consists of five members who are appointed by the 
Mayor, subject t o  confirmation by the Common Council. 
The Sewerage Commission of the City of Milwaukee 
may build treatment plants and main and interceptor 
sewers, and may improve watercourses within its area of 
operation, which is the City of Milwaukee. In order to  
coordinate the activities of the two Commissions, the 
Statute provides that Metropolitan Sewerage Commission 
must secure the approval of the Sewerage Commission of 
the City of Milwaukee before engaging in any work. 
When the Metropolitan Sewerage Commission of the 
County of Milwaukee has completed the work, it then 
turns over all of the facilities to  the Sewerage Commis- 
sion of the City of Milwaukee for operation and main- 
tenance. Rules and regulations adopted by the Sewerage 
Commissions of the City and of the County pursuant to  
the Statutes further provide for coordination of the sewer 
improvement programs in the District by requiring that 
all cities and villages lying within the District and in 
contract service areas adjacent t o  the District submit 
their sewerage system and construction plans to the 
District for approval before connecting to  the main 
and intercepting system owned by the District. The 
two Commissions have the power to promulgate and 
enforce reasonable rules for the supervision, protec- 
tion, management, and use of the entire sewerage system. 

Authority to  Accept Industrial Wastes: Cities are author- 
ized by Section 66.33 to accept aid and contribution 
from commercial and industrial establishments for the 
collection, treatment, and disposal of industrial wastes, 
the use and operation by the city of treatment facilities 
owned by the industrial establishment, and the coor- 
dination of municipal sewerage facilities with the com- 
mercial disposal facilities. Section 66.33(4) authorizes 
cities t o  construct, equip, and finance industrial pollution 
control facilities, sewage facilities, and solid and liquid 
waste facilities. 

Authoritv to  Refuse t o  Receive Wastes from Anv Munici- - - - -  ~ - -  - -- ., - - ~  ~ ~- 
. - ~  - -~ - 

pality or Subdivision Thereof Which Does Not Comply 
with Any Provision of an Approved Areawide Water 
Quality Management Plan: Cities may use various zoning 
and planning authorities to  control the provision of 
sewage services to  recalcitrant areas. There is no specific 
grant of power to  cities by which a city may refuse to  
receive wastes from any area not in compliance with 
the areawide plan. Various planning, zoning, subdivision 
control, and other regulatory authorities may be utilized. 
These authorities will be discussed in much greater 
detail in the section dealing with nonpoint source pollu- 
tion control. 

A city master plan may include the general location of 
utilities including sewers and any extensions or change 
of use proposed for these facilities. The city may by 
ordinance or resolution provide an official map of the 
city showing streets, highways, parks, and parkways. No 
sewer may be placed in any street, highway, or parkway 
until that street, highway, or parkway is part of the 
official map. 

City subdivision regulations may be enacted if they are 
more restrictive than those of Chapter 236. In addition, 
cities may regulate the division of land to promote the 
public health, safety, and welfare of its community. 
Cities also have plat approval authority. The approval 
of a preliminary or final plat shall be conditioned on 
a city ordinance and any local master plan or city map. 

City zoning authority may be utilized to  promote the 
health, safety, morals, or general welfare of the commu- 
nity. Under this authority, cities may divide a city into 
districts and regulate within these districts the construc- 
tion, alteration, or use of buildings, structures, or land. 
In addition, a city may exercise extraterritorial zoning 
authorities in adjacent unincorporated areas. Through 
the use of the zoning power, cities may encourage the 
most productive use of land to facilitate adequate utility 
service. Section 66.052 provides a city with authority to: 

direct the location, management and construc- 
tion of, and license . . . regulate or prohibit any 
industry, thing or place where any nauseous 
offensive or unwholesome business is carried 
o n . .  . .55 

Section 66.052(2) provides cities with the authority to  
regulate the disposal of refuse, ashes, or garbage within 
one mile of the city corporate limits. 

In summary, i t  is clear that a city has extensive authority 
by which it may control development of industrial, com- 
mercial, and domestic facilities. Such control allows 
a city to regulate the provision of sewerage disposal and 
conveyance systems effectively, giving the city authority 
to refuse wastes from an area not in compliance with the 
areawide plan. 

Authoritv to  Plan. Construct. Owerate. and Maintain 
~acilit ies or ~ t ruc t i res  for the' control &d Abatement 
of Nonwoint Source Pollution: Cities may carry out 
a large number of nonpoint source pollution abatement 
projects and programs. Broad home rule powers provide 
cities with adequate authority to  undertake projects for 
the purpose of promoting public health, safety, and 
welfare. Cities are also given specific authority to under- 
take projects and programs contributing to  the abatement 
of nonpoint source pollution, particularly the urban 
variety. Such specific grants of authority include storm 
sewers, garbage removal, soil conservation, industrial 
pollution control projects, property acquisition, and lake 
and stream improvements including the development of 
shore walls and the construction and maintenance of 
dams. Brief mention will be made of these authorities 
because they have been discussed in those sections of 
this chapter concerning villages and towns. 

Cities are not given specific authority to  construct or 
maintain a system of storm sewers. Section 62.18 pro- 
vides cities with the authority to  construct sewerage 

55 Sec. 66.052(1). 



systems and appurtenances thereto. In addition, cities 
of the third or fourth class have authority under Sec- 
tion 66.072 to create public utility districts and such 
districts are empowered to provide sewerage services. 
These two grants of authority coupled with home rule 
authority to act for the public health, safety, and welfare 
would indicate that storm sewers were intended. 

Section 66.049 provides cities with authority to remove 
rubbish and garbage from such places as the city council 
shall direct. The cost of removal may be provided by 
general assessments or general taxes. Presumably this 
section would also apply to  street cleaning and sweeping 
activities and the placement of materials on curbs and 
in gutters. 

As was mentioned earlier, cities, villages, and towns may 
participate in industrial pollution projects. Such projects 
may consist of providing sewage and liquid and solid 
waste disposal facilities and pollution control facilities, 
including necessary environmental studies and monitoring 
systems. Pollution control facilities were defined to 
include facilities which are reasonably expected to abate, 
reduce, or aid in the preservation or control of air or 
water pollutants. Such facilities may supplement or 
replace existing property or equipment. 

Cities are authorized by Section 62.23(18) to  undertake 
lake and river improvement projects. Such projects may 
be undertaken to aid navigation and to protect the public 
health. In addition, a city may establish a public inland 
lake protection district if the city encompasses all the 
frontage of a lake within its boundaries. If the lake 
frontage lies in several municipalities, a contract as pro- 
vided by Section 66.30 may be drawn up. 

A city may construct shore protection walls and dams 
along the shore or across any lake or stream adjoining or 
within the city. Shore protection walls may be provided 
to eliminate menaces to  navigation or to promote the 
public health, safety, and welfare. In the event of private 
shore ownership, a resolution may be passed by the board 
of commissioners or the city council directing such 
private owner t o  make suitable repairs. Any dam con- 
struction must first receive DNR approval. 

control this type of pollution. For an extensive discussion 
of these authorities, the reader is advised to  consult 
SEWRPC Technical Report No. 2, Revised Edition, Water 
Law in Southeastern Wisconsin and SEWRPC Technical 
Report No. 6, Revised Edition, Planning Law in South- 
eastern Wisconsin. 

Cities possess the authority to  create a plan commission 
whose function it shall be to make and adopt a master 
plan for the physical development of the city. The 
master plan may include the location and extent of 
utilities including sewerage facilities. Section 62.23(3) 
states that the purpose and effect of an adoption of 
a master plan shall be solely to  aid the city plan com- 

mission. The plan commission shall be referred such 
matters as the city council desires, including the location 
of public buildings, acquisitions and usage of land for 
streets or other public purposes, and the location or 
alteration of public utilities. 

Section 62.23 provides a general grant of zoning authority 
for cities for the purpose of promoting health, safety, 
morals, or the general welfare. City councils may divide 
cities into districts and regulate the use of buildings, 
structures, and land within each district. Zoning regula- 
tions shall be in accordance with a comprehensive plan 
and shall be designed to promote health and general 
welfare and facilitate adequate provision of transpor- 
tation, water, sewerage, and other public requirements. 
A city may enact interim zoning ordinances to preserve 
existing uses while a comprehensive zoning plan is being 
prepared. Such interim ordinances are effective for no 
more than two years. Cities must also provide for a board 
of zoning appeals and such board is authorized to  make 
special exceptions to  the terms of the zoning ordinance in 
appropriate cases and subject to appropriate safeguards. 
The city council may provide enforcement measures for 
any zoning ordinance and may provide for punishment 
by fine and imprisonment and civil penalties. In addition, 
for any building constructed in violation of a zoning ordi- 
nance, a city may bring actions to  enjoin the construction 
or cause such structure to  be vacated or removed. 

Extraterritorial zoning authority may be exercised 
by cities within three miles of the corporate limits of 
a city of the first, second, or third class and 1.5 miles 
of a fourthclass city. A city council may enact, without 
reference t o  a zone commission, an interim zoning 
ordinance designed to preserve existing zoning or uses 
in all or part of the extraterritorial zoning jurisdiction. 
A resolution must be adopted by the city council specify- 
ing the area to  be zoned through the use of extraterri- 
torial zoning authority. A joint extraterritorial zoning 
committee is established as was the case with village 
extraterritorial zoning. This joint extraterritorial com- 
mittee is responsible for the preparation of the plan and 
regulations. Only the members of the joint committee are 
allowed to vote on the plan for extraterritorial zoning. 

Cities are required to  enact a reasonable and effective 
floodplain zoning ordinance. If a city fails to adopt such 
an ordinance, the DNR may fix the limits of the flood- 
plain subject to serious flood damage within the city, and 
thereafter adopt a floodplain zoning ordinance. A flood- 
plain zoning ordinance adopted by the DNR has the 
same effect as if adopted by the city and it is the duty 
of the city to  enforce this ordinance. Any structure 
maintained in violation of a floodplain zoning ordinance 
is declared to  be a nuisance. Cities are not required to 
enact shoreland zoning ordinances but do possess suffi- 
cient authority to  adopt such an ordinance under Sec- 
tion 62.23(7) for the purpose of promoting the health, 
safety, and general welfare of the community. 

Section 62.23(9) provides cities with the authority to 
regulate the constmction of buildings. A broad authority 
is provided cities to enact regulations based on safety 



and public health considerations. This section may be 
enforced through the use of building permits, forfeitures, 
and building inspection. 

City councils may by ordinance provide for the establish- 
ment of an official map of the city. Such an official map 
is established to conserve and promote the public health, 
safety, and general welfare. No public sewers or other 
municipal improvements may be constructed in any 
street, highway, or parkway until such is located on the 
official map. In addition, no building permits may be 
granted unless a street, highway, or parkway giving 
access to the structure is located on the official map. 

Cities may adopt subdivision control ordinances which 
are more restrictive than provisions of Chapter 236. 
City ordinances may include provisions regulating divi- 
sions of land into parcels less than 1.5 acres or divisions 
of less than five parcels. In addition, the city may 
prohibit the subdivision of land in areas where such 
a prohibition will further the objectives stated in Sec- 
tion 236.45(1), including promotion of the public 
health, safety, and general welfare of the city, and 
will further the orderly layout and use of land and 
provide the best possible environment. 

Before a final plat of a subdivision may be recorded, the 
plat must have the approval of the city within which 
the subdivision is located. If the subdivision is located 
within the extraterritorial zoning jurisdiction of the 
city, the city has plat approval authority unless it waives 
this right. Plat approvals are subject to  any city ordinance 
and the city master plan. In addition, a city may require 
the installation of public improvements which are rea- 
sonably necessary. The city may further require that 
facilities be built according to city specification and be 
subject to city inspection. 

As was mentioned earlier, towns, villages, and cities 
may adopt regulations which are not inconsistent with 
Chapter 30 for the operation of boats on lakes within 
municipal jurisdiction. Such regulations may be adopted 
in the interest of a city's public health, safety, or welfare 
and may pertain to  equipment, use, or operation of 
boats. Such local regulations are subject to advisory 
review by the DNR. Because the grant of authority to 
cities is broad in that such regulations may be adopted 
to  protect the public health, safety, or welfare, boating 
regulations may be applicable to  abatement of pollution 
from operation of boats and resultant shore erosion. 

A city may establish bulkhead lines by ordinance subject 
to DNR approval. Such lines are to  be established in the 
public interest. The establishment of the bulkhead lines 
greatly affects potential dredge and fill usage of wetlands 
adjacent to a lake or stream. Without a DNR permit, 
it is unlawful to deposit materials upon the bed of any 
navigable water where no bulkhead line is established or 
beyond a lawfully established bulkhead line. 

Section 66.052 provides cities with the authority to: 

direct the location, management and construc- 
tion of and license . . . regulate or prohibit 
any industry, thing or place where any nau- 
seous, offensive or unwholesome business is 
carried on . . . . 

Any business conducted in violation of any city ordi- 
nance enacted pursuant to  Section 66.052 is declared to  
be a public nuisance. Subsection 2 authorizes cities to 
enact regulations governing areas where refuse and 
garbage may be dumped in an adjoining town within one 
mile of the city. Such regulations are subject to  town 
board approval. 

Counties 
Counties are general-purpose units of government whose 
governing body is a county board composed of represen- 
tatives elected from districts within the county. Unlike 
cities and villages, most counties are without home rule 
authority. However, counties with a population of 
250,000 or more may exercise home rule authority. 
Counties are, however, empowered to do many things in 
the abatement of point and nonpoint source pollution. 

Authority to  Plan, Construct, Operate, and Maintain New 
and Existing Waste Treatment Facilities for the Control ', 
of Point Source Pollution: Section 59.07 authorizes 
counties to acquire property for the purpose of sewerage 
and waste disposal for county institutions. In addition, 
Section 59.07 provides counties with the authority to: 

construct, purchase, acquire, lease, develop, 
improve, extend, equip, operate, and maintain 
all county buildings, structures and facilities 
hereinafter in this subsection referred to  
as projects including without limitation . . . 
regional projects, sewerage disposal plants 
and systems and including all property, real 
and personal, pertinent or necessary for 
such purposes. 56 

Counties may use their zoning authority found in Sec- 
tion 59.97 to create a county development plan for the 
physical development of the unincorporated areas of the 
county or incorporated areas that have by resolution 
agreed to be included within such a plan. Such a plan 
may include goals and objectives for future resource 
development including public and private use of land, 
sanitary and storm sewers, and other measures designed 
to reduce stream and lake pollution. 

Section 59.07(58) authorizes counties of 500,000 popu- 
lation or more to  provide for the transmission and 
disposal of sewage from any county buildings and general 
waste disposal facilities utilizing land sites, incineration, 
and commercial byproducts. Section 59.96 authorizes the 

56 Sec. 59.07(1)(d). 



formation of a metropolitan sewerage commission 
administered by three sewerage commissioners. This 
sewerage commission has basic authority to  plan, con- 
struct, maintain, and operate waste treatment facilities 
for the abatement of point source pollution. Counties of 
less than 500,000 population may create metropolitan 
sewerage districts under Section 66.22. Both types of 
metropolitan sewerage districts will be discussed in 
greater detail later in this chapter. 

Authority to  Refuse to  Receive Waste from Any Munici- 
pality or Subdivision Thereof Which Does Not Comply 
with Any Provision of an Approved Areawide Water 
Quality Management Plan: Counties are not specifically 
granted authority to  refuse to  receive wastes from any 
area which fails to  comply with the areawide plan. 
Zoning and planning authorities may, however, beused 
to affect the provision of sewerage services within the 
unincorporated areas of a county. 

A county development plan may be created for the 
physical development of the unincorporated areas of 
a county. Such a plan may include goals and objectives 
for future physical development including placement of 
sanitary and storm sewers. Such a master plan is to be 
adopted by resolution and shall serve as a guide for public 
and private actions. 

For purposes of promoting the public health, safety, and 
welfare, a county board may-with the cooperation of 
adjacent units of government--enact zoning ordinances 
for unincorporated areas of the county. A county may 
be divided into different districts within which certain 
activities are permitted, including agriculture, industry, 
business, and residential activities. Such a county ordi- 
nance does not become effective in any town until it 
has been approved by the respective town boards. In 
a county without a zoning ordinance, a town wishing 
to enact such an ordinance must first petition the county 
board to adopt a zoning measure. If the county board 
fails to adopt such an ordinance, the town may proceed. 
Because all of Milwaukee County is within incorporated 
units of government, there is no county zoning. 

Counties are authorized to adopt building and sanitary 
codes and adopt any necessary rules and regulations 
providing for enforcement of these codes. Such codes 
shall not apply within villages, cities, or towns that have 
adopted building or sanitary codes. 

Counties have subdivision and plat approval authority. 
Section 236.45 provides counties with authority to adopt 
subdivision ordinances which are more restrictive than 
provisions of Chapter 236. Such ordinances may be 
enacted t o  facilitate adequate provision of sewerage facili- 
ties. In addition, Section 236.46 authorizes counties to 
prepare county regional plans for the future platting of 
lands in the county's unincorporated areas. Counties also 
possess subdivision plat approval authority. If the county 
planning agency employs an engineer or planner, the 

county planning agency may exercise approval authority. 
The basis for this approval may be any county ordinance. 
In addition, counties may require that a subdivision make 
and install any public improvements. 

Counties, through the use of the above authorities, may 
control development and the provision of sewerage ser- 
vice. For the most part, without a cooperative agreement, 
the county may exercise this authority only in unincor- 
porated areas. 

Authority to Plan, Construct, Operate, and Maintain 
Facilities or Structures for the Control and Abatement 
of Nonpoint Source Pollution: Counties are authorized 
to engage in several nonpoint source pollution abate- 
ment projects. For counties with home rule authority, 
these projects may be undertaken for the purpose of 
promoting the public health, safety, and welfare. Other 
authorities include soil and water conservation projects, 
lake and river improvements, property acquisitions, 
watershed protection, and solid waste management. 

A county may contract to do soil conservation work 
on privately owned lands. Such contract may not 
involve more than $1,000 for any one person nor shall 
the amount of work done for any one person exceed 
$1,000 annually. In addition, Section 59.872 authorizes 
the county board to: 

appropriate funds to a soil and water conserva- 
tion district, which includes lands within the 
county, to  be used by the supervisors of the 
district in the administration of district affairs 
and in controlling erosion within the district.57 

A more extensive discussion of soil and water conserva- 
tion districts as authorized by Chapter 92 follows in 
this chapter. 

A county is authorized to construct, maintain, or repair 
shore protection walls or may require an owner of 
property where a shore protection wall is located to 
maintain or repair such a wall if this is required to  elimi- 
nate menaces to  navigation or to promote the public 
health, safety, or welfare. In addition, Section 30.30(1) 
authorizes counties to engage in harbor improvements 
including filling, excavating, and dredging of waterways 
as it determines to  be necessary. 

Section 59.07(30) authorizes counties t o  appropriate 
money to assist in creating watershed protection areas 
or projects beneficial to the county. Such projects may 
benefit all or a portion of such county. In addition, funds 
may be appropriated to  any agency of the federal or state 
government or to a soil and water conservation district. 

Any county board may establish a solid waste man- 
agement system or participate in a system jointly with 
other counties, cities, villages, or towns. In counties 



having a population of less than 500,000, a solid waste 
management board may be created pursuant to  Sec- 
tion 59.07(135) of the Wisconsin Statutes. Such a board 
may develop solid waste plans, acquire lands for use 
in solid waste management systems; collect, transport, 
destroy, or transform wastes including agricultural, 
municipal, industrial, and domestic wastes or refuse 
materials; acquire any necessary equipment; and appro- 
priate funds and levy taxes. Section 59.07(52) provides 
authority for counties with a population of 500,000 or 
more to  dispose of waste by acquiring lands by leave, 
purchase, or eminent domain and by using the same as 
dumpage sites. 

Authority to Enact and Enforce Regulations for the 
Control and Abatement of Non~oint Source Pollution: 
Counties may regulate nonpoint source pollution mostly 
through their zoning, planning, and subdivision authority. 
In addition, counties may regulate solid wastes, boating, 
sanitary conditions, and buildings. For a more extensive 
discussion of county authorities in the above areas, the 
reader is referred to  SEWRPC Technical Report No. 2, 
Revised Edition, Planning Law in Southeastern Wisconsin. 

All counties with the exception of Milwaukee County 
may enact zoning ordinances and divide the county into 
districts for the purpose of promoting the public health, 
safety, and general welfare in unincorporated areas. Such 
zoning ordinances may determine, establish, regulate, and 
restrict areas within which agriculture, forestry, industry, 
trades business, and recreation may be conducted. In 
addition, -placement of fill, erection of structures, and 
the location of buildings may be prohibited in or along 
natural watercourses, streams, and creeks. Any county 
zoning ordinance must first be approved by a town board 
before it becomes effective within that town. Counties 
are authorized to adopt shoreland zoning ordinances 
for all unincorporated areas 1,000 feet from a lake, 
pond, or flowage or 300 feet from a river. Any adopted 
shoreland zoning ordinance shall not be subject to 
town board approval; and if any town ordinance is 
more restrictive, it shall continue as the town shoreland 
ordinance. If a county does not adopt a shoreland zoning 
ordinance, or if such an ordinance does not meet rea- 
sonable standards in accomplishing shoreland protection 
objectives, the Department of Natural Resources may 
adopt an ordinance. 

Section 87.30 authorizes a county to adopt a floodplain 
zoning ordinance. If a county, city, or village does not 
adopt a floodplain ordinance, the Department of Natural 
Resources may adopt a floodplain zoning ordinance for 
the recalcitrant county. The Department may also adopt 
a floodplain ordinance if the county ordinance is not 
a reasonable and effective ordinance. Any structure built 
or maintained within a floodplain is declared t o  be 
a public nuisance. 

County boards may also enact land use regulations for 
lands outside the limits of incorporated villages and cities 
through the county soil and water conservation district 
supervisors. A more extensive discussion is found later 

in this chapter in the section concerning the role of the 
soil and water conservation districts. 

As was mentioned earlier, counties may prepare and 
adopt county regional plans. Such plans may determine 
the future platting of lands within the county not within 
incorporated villages and cities. In addition, counties may 
enact subdivision control ordinances for unincorporated 
areas which are stricter than the requirements contained 
in Chapter 236. The subdivision regulation is to  promote 
the public health, safety, and general welfare of the 
county. Additional purposes are to  relieve congestion in 
streets and highways; to  further the orderly use of land; 
and to provide adequate transportation, water, and sewer- 
age facilities. If the county planning agency has employed 
an engineer or planner, the county planning commission 
may exercise subdivision approval authority over plat 
submissions in areas within the extraterritorial authority 
of the municipality. Finally, approval of a plat shall be 
conditioned upon compliance with any town ordinance. 

As was mentioned earlier, counties are granted authority 
by Section 59.07(135) to  participate in and conduct solid 
waste management systems. In addition, counties may 
charge and assess reasonable fees for services rendered by 
the county waste disposal system. This section further 
authorizes county employees to enter properties and 
conduct tests and investigations to determine site suit- 
ability for solid waste management. Permission from the 
property owner is required. A county is authorized to 
utilize eminent domain authority to  acquire easements or 
other interests in lands. 

Section 59.07(51) authorizes a county to  adopt building 
and sanitary codes. These codes do not apply in incor- 
porated areas where such codes are already in effect. 
Counties are responsible for the enforcement of such 
codes in unincorporated areas. 

Soil and Water Conservation Districts 
Soil and water conservation districts (SWCD) are special- 
purpose units of government which derive their authority 
from Chapter 92. The basic legislative policy surrounding 
the creation of these districts was: 

to provide for the conservation of the soil and 
soil resources of this state, and for the control 
and prevention of soil erosion, and for the 
prevention of flood water and sediment 
damages, and for furthering agricultural phases 
of the conservation, development, utilization 
and control of water . . . and promote the 
health, safety and general welfare of the people 
of this state.58 

A soil and water conservation district is established by 
county board resolution pursuant to  authority granted by 
the State through Chapter 92, upon a finding that the 
conservation of soil, water, or related resources presents 



a problem of public concern and that a substantial pro- 
portion of land occupiers of the county favor such 
a district. After an SWCD is created, the county agricul- 
tural and extension committee become the supervisors 
of the SWCD. In addition, two supervisors may be 
appointed who are not members of the county board. 
The SWCD supervisors are the governing body of that 
district and are empowered to employ such staff as they 
may require. The geographic jurisdiction of the SWCD 
corresponds to  the county that created the district. 

control water pollution lies primarily in the area of non- 
point source control. The authority to manage, design, 
construct, maintain, and operate wastewater treatment 
facilities is not specifically granted to  the SWCD. Statu- 
tory language gives the SWCD broad authority to carry 
out flood prevention and control measures and devel- 
opment, utilization, and conservation of navigable 
waters within the district. In addition, the SWCD is 
given authority to construct and maintain necessary 
structures for the performance of the above-stated tasks. 
Such broad statutory language might be interpreted as 
providing authority to abate and control point source 
pollution via wastewater treatment facilities. Historically, 
the SWCD has not engaged in this type of activity and 
it is doubtful that they will in the future in that this 
function is supervised by other, better-suited manage- 
ment agencies. 

Authority to Plan, Construct, and Maintain Facilities or 
StruTtures for the Control o r  Abatement of NoKpoint 
Source Pollution: Section 92.08(4) provides the SWCD 

Engineering operations, such as terraces, ter- 
race outlets, desilting basins, floodwater 
retarding structures, floodways, dikes and 
ponds, methods of cultivation, the growing 
of vegetation, changes in use of land or lands 
owned or controlled by this state or any of 
its agencies . . . .60 

In addition, the SWCD is given broad authority to con- 
struct or improve and maintain any structures which 
might be authorized by Chapter 92 of the Wisconsin 
Statutes. The SWCD is authorized to  purchase, lease, 
grant, or bequest real or personal property or rights 
therein for purposes of watershed protection, flood pre- 
vention, fish and wildlife improvements, and recreational 
improvements. Eminent domain authority is available to 
the SWCD under Chapter 32 of the Wisconsin Statutes. 

The SWCD may render technical assistance to  land 
occupiers and other government agencies. Specific men- 
tion is made of SWCD assistance to incorporated cities 
and villages. Such assistance may consist of providing 
standards and technical assistance for the control of 
erosion, runoff, and sedimentation. 

It is uncertain as to whether this provision requires 
the SWCD to secure approval from both the land owner 
and the city or village before assistance may be given 
or whether it is merely a permissive grant of authority 
to  the SWCD to make assistance available within the 
incorporated areas. The former condition is impor- 
tant in rapidly urbanizing areas where the type of 
assistance available from the SWCD could play a major 
role in addressing the problem of urban nonpoint 
source pollution. 

with the authority to: 
Authoritv to  Enact and Enforce Rermlations for the 

Develop and amend comprehensive plans for 
the conservation of soil, water and related 
resources within the district, which plans shall 
specify in such detail as may be possible, the 
acts, procedures, performances and avoidances 
which are necessary or desirable for the effec- 
tuation of such plans; and to publish such plans 
and information and bring them to the atten- 
tion of occupiers of lands within the district.59 

In addition, any county included in a regional planning 
program shall promote plans which are not at variance 
with regional plans. Included in such plans shall be inven- 
tories of renewable natural resources, resource needs 
projections, an annual work plan, and a long-range 
resource conservation plan which shall be published by 
a SWCD as its resource conservation program. 

In addition to  the planning function described above, the 
SWCD may carry out preventive and control measures 
after obtaining the approval of the land occupier. The 
measures may include but are not limited to: 

limited to those areas of the district lying outside of 
incorporated areas. Section 92.09 concerns the adoption 
of land use regulations. A preliminary requirement is that 
any such regulations should be in conformance with plans 
described earlier. Land use regulations which may be 
considered should include provisions for the following: 

Engineering operations, including the construction 
of terraces, terrace outlets, soil-saving dams, sedi- 
ment traps, dikes, ponds, diversion channels, and 
other necessary structures; 

Particular methods of cultivation including contour 
cultivating, contour furrowing, lister furrowing, 
sowing, planting, strip-cropping, seeding, and plant- 
ing of lands t o  water conservancy and erosion 
preventing plants, planting of trees and grasses, and 
forestation and reforestation; 

Specific cropping programs and tillage practices to 
be observed; 

60 Sec. 92.08(1). 



The retirement from cultivation of highly erosive 
areas or of areas on which erosion may not be 
adequately controlled if cultivation is carried on; 

Such other means, measures, operations, and pro- 
grams as may assist conservation of soil resources 
and prevent or control said erosion, runoff, and 
sedimentation; 

The protection of lands exposed by grading, filling, 
clearing, mineral extraction, and similar activities 
including limitations on the size of the area to  be 
exposed and the length of time and season during 
which it may be exposed, and the establishment 
of temporary waterways, storm drains, temporary 
debris basins, terraces, and other structural and 
nonstructural methods to  control erosion runoff 
and sedimentation. 

When regulations are proposed, the SWCD supervisors 
shall hold public meetings or public hearings within the 
affected area. Following these meetings, the SWCD 
supervisors shall draft a proposed ordinance embodying 
the regulations. Before a full county board vote is taken, 
the ordinance must be approved in a referendum by 
a simple majority of electors residing in the area to 
be affected who vote in the referendum. After the 
referendum, the ordinance must be approved by the 
county board. 

Any land use ordinance which is approved in the above- 
described manner shall contain regulations which are 
uniform throughout the area affected by the ordinance 
except that lands may be classified with reference to 
such factors as: 

soil type, degree of slope, degree of erosion, 
runoff and sedimentation threatened or exist- 
ing, present or future uses, and other relevant 
factors and may provide regulations varying 
with the type or class of land affected but uni- 
form as to  all lands within each class or type. " 

Affected occupiers of land shall have copies of the 
ordinances made available to them. 

A land use ordinance of the above type shall be enforced 
by the SWCD supervisors who have authority to  enter 
lands affected by such an ordinance to  determine whether 
the ordinance requirements are being complied with. In 
addition, the county board is to supply administrative 
procedures, assistance, and personnel which it deems 
necessary to enforce the ordinance. 

Forfeitures and injunctive relief are available to  the 
SWCD as a means of securing compliance. Section 92.11 
authorizes the SWCD supervisors to  petition the court to  
require a defendant landowner to perform work required 
or otherwise bring the condition of the lands covered by 
the ordinance into compliance with the ordinance. 

A court may dismiss the above-cited petition or may 
require the defendant to perform the work or operations 
within a specified time. In the event the defendant does 
not comply with reasonable diligence, the SWCD super- 
visors may enter the land and perform the work or opera- 
tions. Where the occupier of the land is not the owner, 
the owner shall be made a party defendant. In addition, 
the court shall have authority to enter a judgment for 
the costs and expenses of bringing the action and any 
work performed thereto. 

are special-purpose units of government created by 
Chapter 301 of the Laws of 1973. In its initial declara- 
tion of intent, the Wisconsin Legislature summarized 
in Section 33.001 of the Wisconsin Statutes the under- 
lying philosophy behind the creation of these special- 
purpose districts: 

The legislature finds environmental values, 
wildlife, public rights in navigable waters, and 
the public welfare are threatened by the 
deterioration of public lakes; that the protec- 
tion and rehabilitation of the public inland 
lakes of this state are in the best interest of 
the citizens of this state; that the public health 
and welfare will be benefited thereby; that 
the current state effort to abate water pollu- 
tion will not undo the eutrophic and other 
deteriorated conditions of many lakes; and that 
the positive public duty of this state as trustee 
of waters requires affirmative steps to  protect 
and enhance this resource and protect environ- 
mental values.62 

The lake districts may be created for the purpose of 
undertaking a lake protection and rehabilitation pro- 
gram. Municipalities may create lake districts by resolu- 
tion if the municipality encompasses all the frontage 
of a lake within its boundaries. The governing body 
of the creating municipality shall perform all the func- 
tions of the board of commissioners. A second method 
of creating a lake district is for a town board to  convert 
a town sanitary district which encompasses all of the 
frontage of a lake within its boundaries into a lake 
district. In addition, where the sanitary district does not 
encompass all of the lake frontage, the commissioners of 
the sanitary district may petition to include the addi- 
tional lake frontage. 

Town sanitary districts having boundaries coterminous 
with a lake district may merge with the lake district. 
Finally, a county board of any county may establish lake 
districts within the county, provided approval is granted 
by any affected village board or city council. A petition 
requesting the establishment of a lake district signed by 
at least 51 percent of the land owners or the owners of 
51 percent of land within the proposed district must be 

Sec. 33.001. 



filed with the County Clerk and addressed to  the county 
board. In addition, the county board must provide proper 
notice and hearings. After such hearings, the county 
board shall create the lake district if it finds that the 
proposed district is necessary t o  promote the public 
health, convenience, or welfare and that formation of 
the proposed district will not contribute to  long-range 
environmental pollution. 

Upon the establishment of a lake district by the county, 
Section 33.27 requires the county board to appoint 
three property owners within the district, at least one 
of whom is to  be a district resident, to serve as commis- 
sioners until the first annual meeting. In addition, within 
30 days the governing body of the largest town, city, or 
village within the district having the largest valuation 
shall appoint a commissioner. The regular board of 
commissioners after the annual meeting shall consist 
of a supervisor-county board member of the soil and 
water conservation district or an individual nominated 
by that body, a member of the governing body of the 
highest valuation town, city, or village within the district, 
and three electors owning property within the district. 

Two or more contiguous lake districts may be merged 
after a resolution of two-thirds of the members of each 
board of commissioners and ratification by a majority of 
electors of each district. A lake district may be enlarged 
through the attachment of contiguous territory either 
through a petition signed by an owner of adjoining prop- 
erty and a majority vote of the Commissioners or by 
a motion of the Commissioners to  initiate attachment 
proceedings after the requisite hearings and notice to  the 
affected land owners. The county board will base its 
determination of the attachment motion on the same 
criteria utilized to  determine the initial creation of the 
district. Territory may be detached from the district 
following a petition of an owner or motion of the Com- 
missioners and upon a finding that the land in question 
is not benefited by continued inclusion within the 
district. A lake district may be dissolved upon a two- 
thirds vote of the district membership at the district 
annual meeting to  petition the county board for dis- 
solution. In the event that the territory comprising 
an entire lake district is incorporated as a city or village 
or annexed, the lake district shall survive. If less than 
the entire territory of a lake district is annexed or incor- 
porated, that affected portion shall survive as a part 
of the district with the following conditions: the lake 
district may only exercise powers granted by Chapter 33 
and consent of the incorporating unit must be granted for 
the district to exercise sanitary district powers. 

the area of waste treatment facilities. As part of 
a Section 33.29(1)(d) lake protection and rehabilitation 
plan, adequate authority might be found to construct 
and operate waste treatment facilities. Section 33.15(14) 
limits the types of implementation work to be performed 

by the lake district and such work may consist of aera- 
tion, nutrient diversion, nutrient removal or inactivation, 
erosion control, sediment control, and bottom control. 
The list is not limited by its specific enumerations. Both 
nutrient removal and diversion might be interpreted as 
authority to  manage municipal waste treatment facilities. 
It is clear, however, that a lake protection and rehabilita- 
tion district which has not by resolution undertaken to 
exercise town sanitary district powers is limited in its 
authorities over point source pollution. 

For those districts that have opted to exercise the powers 
of a town sanitary district, district authorities become 
much greater for point source pollutant control. Sanitary 
districts possess the authority to  construct surface or 
storm sewers, drainage improvements, sanitary sewers, 
and facilities for garbage and refuse disposal. In addition, 
the following sanitary district powers may be exercised 
by the lake district: the provision of chemical treatment 
of waters for the suppression of swimmers itch, algae, 
other aquatic growths and the installation of improve- 
ments necessary for the promotion of the public health 
or welfare of the inland lake district. 

Authority to Plan, Construct, Operate, and Maintain 
Facilities or Structures for the Control and Abatement 
of Nonpoint Source Pollution: It was the initial mandate 
of lake districts to  deal with problems of lake rehabilita- 
tion and protection. Prior to recent legislation, a lake 
district did not possess a great deal of authority to deal 
with nonpoint source pollution. Chapter 197 of the 
Laws of 1975, however, provides that a lake district 
can exercise the town sanitary district authorities dis- 
cussed above. Districts are not allowed to exercise such 
authorities unless the governing bodies of affected 
municipalities consent. 

If state aid is desired, lake district projects are divided by 
Section 33.11 into study, planning, and implementation 
phases. A feasibility study is undertaken by the district 
to determine causes of lake degradation and any remedial 
action needed. A plan shall be developed by the lake 
district commissioners and forwarded to the Department 
of Natural Resources, Soil and Water Conservation Dis- 
trict, and regional planning agency for the area. A hearing 
shall be scheduled by the DNR at which time the DNR 
shall consider any environmental impacts, required per- 
mits, comments made by the soil and water conservation 
district and regional planning agency, and any other areas 
which the Department deems necessary. No plan may be 
formally adopted by the lake district until the DNR has 
approved it. After such approval is granted, the district 
may implement the adopted plan through the use of 
aeration, nutrient diversion, nutrient removal, erosion 
control, sediment manipulation, and bottom treatments. 
Lake district commissioners are empowered to: 

1. Initiate and coordinate surveys and research 
designed to gather data related to  lake, shore- 
lands, and the drainage basin. 

2. Plan lake rehabilitation projects. 



3. Secure cooperation of officials of general-purpose 
units of government for the purpose of enacting 
any ordinances deemed necessary. 

4. Adopt and implement any lake protection and 
rehabilitation plans. 

5. Maintain liaison with state governmental officials. 

6. Control fiscal matters of the district subject to 
the directives of the annual meeting. 

In addition to  the above authorities, if a lake district has 
by resolution adopted sanitary district authorities, the 
district has the authority to construct, maintain, and 
operate storm water sewers. 

Authority to Enact and Enforce Regulations for the 
Control and Abatement of Nonvoint Source Pollution: 
At this time, lake districts have no authority to  enact 
regulations providing for the abatement of nonpoint 
sources of pollution. Section 33.29(1)(c) authorizes 
the lake district commissioners to seek cooperation of 
general-purpose units of government for the purpose of 
enacting necessary ordinances. Such cooperation must 
be secured without any statutory power to force such 
cooperation or coordination of effort. 

Utility Districts 
Utility districts may be created by towns, villages, and 
cities of the third and fourth class. A majority vote of 
town boards and a two-thirds vote of village and city 
councils is required before a utility district may be 
created. A similar vote is necessary to vacate, alter, or 
consolidate utility districts. Before a utility district may 
be established a hearing must be held. In addition, when 
a town board establishes a utility district in an area 
within which a sanitary district is located, the town 
board may dissolve the sanitary district and all functions, 
assets, and liabilities of the sanitary district will be 
assumed by the utility district. Such a replacement of the 
town sanitary district may occur where all of the town 
sanitary district is located within the newly created 
utility district. The governing body of a utility district 
is the town or village board or the city council which 
created the utility district. A utility district does not 
constitute a separate unit of government nor does it have 
separate governing authority. 

Authority t o  Plan, Construct. Ooerate. and Maintain New - 
for - 
- 
the - Control 

I: Utility districts are not author - 
ependent authority to  plan, design, 

construct, or operate waste treatment facilities for the 
abatement of point source pollution. A town, village, 
or city may provide certain services through a utility 
district. Traditionally, utility districts are created t o  
allocate costs of a population served by various utilities. 
Section 66.072 authorizes towns, villages, and cities of 
the third and fourth class to  establish utility districts, and 
thereafter expenses of sewers not chargeable to private 
property shall be paid out of a utility district fund. Any 
authority to plan, design, construct, or manage treatment 

facilities for the abatement of nonpoint source pollution 
is given to the town, village, or city. Utility districts act 
to allocate costs for sewers to  a particular district served. 

Authority to  Accept Industrial Wastes: Towns, villages, 
and cities of the third and fourth class are authorized by 
Section 66.33 of the statutes to contract with industrial 
and commercial establishments for the treatment and 
collection of commercial and industrial wastes. Sec- 
tion 66.072 pertaining to  utility districts uses the term 
sewer to indicate a permissive function of the utility 
district and does not prohibit the conveyance of indus- 
trial, commercial, or domestic municipal wastes. 

Authoritv to  Refuse to Receive Wastes from Anv Munici- 
pality or" Subdivision Thereof Which Does  NO^ Comply 
with Any Provision of an Approved Areawide Water 
Quality Management Plan: Ample authority is possessed 
by villages, cities, and towns to refuse service to recalci- 
trant areas. Utility districts may not exercise independent 
authority in this regard. A complete discussion of the 
authority of towns, cities, and villages to refuse service 
is found elsewhere in this chapter. 

Authoritv to  Plan. Construct. Ooerate. and Maintain 

mention of any authority possessed by a utility district 
to abate nonpoint source pollution. If the term sewer as 
used in Section 66.072(1) is interpreted to include both 
sanitary and storm sewers, utility districts would be 
authorized to incur any expense related to such a storm 
sewer project. Because utility districts have no indepen- 
dent authority, they possess no authority to enact and 
enforce regulations designed to promote the abatement 
of nonpoint source pollution. Any regulatory activity 
within the utility district directed at nonpoint source 
pollution must be initiated and enforced by the town, 
village, or city which created such utility district. 

Town Sanitary Districts 
Town sanitary districts are special-purpose units of 
government created by town boards and governed by 
appointed or elected sanitary district commissioners. 
Such districts may be created for the purpose of con- 
structing storm sewers, drainage improvements, sanitary 
sewers, and a system of garbage or refuse disposal. 
Town sanitary districts may be created, governed, and 
maintained in any town or part thereof but shall not 
include any territory included within an incorporated 
village or city. Any town board may establish a town 
sanitary district after a petition requesting such estab- 
lishment is signed by 51 percent of the people owning 
real estate or the owners of 51 percent of the land 
within the territory proposed to be organized into such 
a district. Upon receipt of the petition, the town board 
shall arrange for a hearing at which time interested 
property owners may offer comment. If at the hearing 
it is the opinion of the town board that the public 
health, comfort, or welfare will be promoted by the 
establishment of such a district and that the property 
to be included will benefit, the town board shall declare 
the district organized. The Wisconsin Department of 



Natural Resources and the Department of Health and 
Social Services shall be notified of the hearing and repre- 
sented at the hearing. A town sanitary district may be 
consolidated with a contiguous town sanitary district. 

Section 60.315 provides authority for the creation of 
a town sanitary district without the petition mentioned 
above. Upon certification by the DNR that private 
sewage disposal or private water supply systems are 
located and operated in such a manner so as to cause 
a health hazard or pollute surface waters and that no 
local action has been taken to correct the situation, the 
town board may order the establishment of the town 
sanitary district. 

If the town board fails to create a town sanitary district 
within 45 days of DNR certification, the DNR shall 
create a town sanitary district. In lieu of creating a town 
sanitary district, a town board may create a utility dis- 
trict. Ten percent of the persons owning real estate or 
owners of 10 percent of the land may upon proper 
petition secure a review of town board or DNR action. 

Town sanitary districts may be altered as provided 
in Section 60.31. If the entire area of a sanitary district 
is incorporated as a city or village or is annexed by 
a city or village, the sanitary district is t o  be dissolved. 
If less than an entire town sanitary district is incor- 
porated or dissolved, there shall be a division of assets 
and liabilities. A water or sewerage system shall be 
operated and owned by the sanitary district, city, or 
village in whatever jurisdiction the majority of the 
system lies. If the responsibility for continuing the 
system is vested in the town sanitary district, the town 
sanitary district shall continue the operation until the 
majority of patrons reside in the city or village. Any 
city or village required to operate the system shall not 
be required to serve an area outside its corporate limits 
greater than the original town sanitary district. A town 
sanitary district may be dissolved by a procedure similar 
to that by which it was created including review proceed- 
ings initiated by 10 percent of the property owners. 

Authority to  Plan, Construct, Operate, and Maintain 
New and Existing Waste Treatment Facilities for the 

u - - - . . . .-. . . - - - - - --- - 
Control of Point Source Pollution: The town sanitary 
district is empowered by Section 60.306 to project, 
plan, construct, and maintain a system of sewerage 
including sanitary, surface, or storm sewers and provide 
for sewage collection. The town sanitary district commis- 
sion may require installation of private sewage systems. 
In addition, the Commission is empowered to make rules 
and regulations and issue orders to promote and preserve 
public sanitation. The town sanitary district commission 
is also authorized to exercise authorities found in Sec- 
tion 66.076 including the authority to construct, lease, 
acquire, or improve any plant or equipment for the 
collection, treatment, and disposal of sewage. 

Authority to Accept Industrial Wastes: Town sanitary 
districts are authorized by Section 66.33 of the statutes 
to enter into contracts or agreements with commercial, 

industrial, and other establishments for the collection, 
treatment, and disposal of commercial and industrial 
waste; the use by the town sanitary district of industrial 
or commercial disposal facilities; and the coordination 
of disposal and treatment facilities with industrial and 
commercial establishments. In addition, town sanitary 
districts may enter into long-term or short-term contracts 
with industrial establishments providing sewerage facili- 
ties to abate industrial pollution whenever it may be in 
the public interest to enter into such contracts. 

Authoritv to Plan. Construct. Overate. and Maintain 

are given authority to construct and maintain systems 
of storm sewers; however, the districts are not given 
authority to treat storm water. In addition, town sani- 
tary districts may establish drainage improvements. 
Sections 60.30 and 60.306 authorize a town sanitary 
district to  provide garbage or refuse disposal. Town 
sanitary districts have very limited authority to  plan, 
manage, construct, and operate facilities for the control 
and abatement of nonpoint source pollution. A town 
board may by resolution approve the formation of an 
inland lake protection and rehabilitation district coter- 
minous with the boundaries of a town sanitary district 
which encompasses all the frontage of a lake within 
the town sanitary district. The management functions 
of the public inland lake protection and rehabilitation 
district shall be delegated to the town sanitary district 
board. A discussion of authorities possessed by the 
public inland lake protection and rehabilitation district 
is found earlier in this chapter. 

Authority to  Enact and Enforce Regulations for the 
Control or Abatement of Non~oint  Source Pollution: 
The town sanitary district commission has authority 
to make rules and regulations and issue orders to prd- 
mote and preserve public sanitation. Such rules and 
regulations may be enacted to accomplish goals and 
objectives of the sanitary district. Sanitary districts 
have no other authority by which to enact and enforce 
ordinances and regulations for the abatement of nonpoint 
source pollution. 

Metropolitan Sewerage Districts 
Metropolitan sewerage districts are special-purpose units 
of government designed primarily to abate urban point 
source pollution. Wisconsin statutes provide for two 
types of metropolitan sewerage districts. Section 59.96 
applies to counties of more than 500,000 population 
and Sections 66.20 through 66.26 apply to  metropolitan 
districts for all other counties. A separate discussion of 
each type is necessary because of the differences in 
statutory authorizations. 

Proceedings to create a Chapter 66 metropolitan sewerage 
district may be initiated by resolution of the governing 
body of a municipality. Upon adoption of this resolution, 
the Department of Natural Resources is to  receive a copy 
at which time the DNR must schedule and conduct 
a public hearing. Within 90 days the DNR must order or 



deny the creation of the district. A district shall be 
created if the territory identified is conducive to the 
fiscal and physical management of a unified system and 
if the formation of the district will promote the public 
health and welfare. Before any area of a village or city 
may be included in such a district, consent must be given 
by the DNR. 

The governing body of a metropolitan sewerage district 
having territory in only one county is a five-member 
commission appointed for staggered five-year terns by 
the county board. If more than one county is involved, 
the smaller counties shall each appoint one commissioner 
with the remainder being appointed by the largest par- 
ticipating county. 

Authority to  Plan, Construct, Operate, and Maintain New 
and Existing Waste Treatment Facilities for the Control 
of Point Source Pollution: A metro~olitan sewerage dis- 
trict is authorized to  plan and cbnstruct within the 
district interceptor and main sewers and treatment plants 
and to provide for the treatment, disposal, or recycling 
of sewage. In addition, the metropolitan sewerage district 
may acquire necessary property and construct, enlarge, 
improve, maintain, and operate any facilities necessary 
for the performance of the functions of the commission. 
A metropolitan sewerage commission is authorized to: 

1. Employ the necessary professional staff. 

2. Contract with regional or areawide planning 
agencies. 

3. Conduct necessary research. 

4. Adopt necessary rules for the supervision, protec- 
tion, and management and use of the system 
including denial of the provision of sewerage 
to areas not in compliance with adopted master 
or development plans of a municipality. 

5. Require pretreatment and prohibit the discharge 
into the system of certain harmful substances. 

6. Acquire ownership of existing facilities as needed. 

Authority to  Accept Industrial Wastes: As was mentioned 
earlier, Section 66.33 authorizes metro~olitan sewerage - 
districts to enter into agreements and contracts with 
industrial and commercial establishments for the col- 
lection, treatment, and disposal of industrial wastes. 
In addition, contracts may authorize the use of indus- 
trial facilities by a metropolitan sewerage district and 
provide for coordinated efforts between a metropolitan 
sewerage district and commercial or industrial establish- 
ment for collection, treatment, or disposal facilities. 
Metropolitan sewerage districts are also authorized to 
enter into long-term and short-term contracts providing 
for the abatement or reduction of water pollution caused 
by industrial discharges. 

Authority to Refuse to  Receive Wastes from Any Munici- 
~a l i t v  or Subdivision Thereof Which Does Not Comply L - - d  - -  

with Any Provision of an Approved Areawide water 
Oualitv Management Plan: Section 66.24(11(d) author- 
I - -- --- D - --- 

~.-- - , \  , 

izes the commission to set rules restricting or denying 
provision of sewerage services. These rules may restrict 
or deny the provision of utility service to  lands which 
are described in adopted development of master plans 
of a community as not being fit for urban or suburban 
development. In addition, the commission has authority 
in Section 66.24 over grants and denials of connections 
into the sewerage system. 

:ommission has limited authority to  abate nonpoint 
source pollution at the source through the imple&enta- 
tion of land management practices. Commission authority 
is limited to the areas of storm water and solid waste 
management. A metropolitan sewerage district com- 
mission may construct and maintain storm sewers and 
facilities designed to collect, treat, and dispose of storm 
water. Section 66.24(8) authorizes a metropolitan sewer- 
age district to  engage in solid waste management. In 
addition, a metropolitan sewerage district may exercise 
all solid waste authorities found in Section 59.07(135). 
However, county board approval is not required for 
district management of solid wastes contained in sewage 
or storm water transmitted or treated by the district. 

Section 59.07(135) authorizes a metropolitan sewage 
commission to : 

1.  Develop plans for solid waste management. 

2. Collect, transport, dispose of, destroy, or trans- 
form wastes. 

3. Acquire lands or easements by purchase, lease, 
or donation. 

4. Acquire necessary equipment. 

5. Contract with private collectors. 

6. Utilize and dispose of by sale any or all products 
of the solid waste system. 

Authority to Enact and Enforce Regulations for the Con- 
trol and Abatement of Non~oint  Source Pollution: The 
metropolitan sewerage district is authorized to  adopt 
rules and regulations for the supervision and management 
of the systems and facilities operated by the commission. 
In addition, the violation of any rule or orders issued by 
the commission is declared to  be a public nuisance. 

Section 66.24(8) authorizes a metropolitan sewerage 
district to  utilize county solid waste authorities found 



in Section 59.07(135)(h) to adopt and enforce ordi- 
nances necessary for the conduct of a solid waste manage- 
ment system. This authority does not extend to the 
Milwaukee Metropolitan Sewerage District created under 
Section 59.96 of the Wisconsin Statutes. 

Sewerage Commission of the Citv of 

The Metropolitan sewerage District of the County of 
Milwaukee operates through the agencies of the Sewer- 
age Commission of the City of Milwaukee, which was 
established pursuant to Chapter 608, Laws of Wisconsin 
1913, and of the Metropolitan Sewerage Commission of 
the County of Milwaukee, which operates and exists 
pursuant t o  the provisions of Section 59.96 of the 
Wisconsin Statutes. The Metropolitan Sewerage Com- 
mission of the County of Milwaukee consists of three 
members, all appointed by the Governor. The Sewerage 
Commission of the City of Milwaukee consists of five 
members who are appointed by the Mayor, subject to 
confirmation by the Common Council. The Sewerage 
Commission of the City of Milwaukee may build treat- 
ment plants and main and interceptor sewers, and may 
improve watercourses within its area of operation, which 
is the City of Milwaukee. In order to  coordinate the 
activities of the two Commissions, the statute provides 
that the Metropolitan Sewerage Commission must secure 
the approval of the Sewerage Commission of the City of 
Milwaukee before engaging in any work. When the 
Metropolitan Sewerage Commission of the County of 
Milwaukee has completed the work, it then turns over 
all of the facilities to the Sewerage Commission of the 
City of Milwaukee for operation and maintenance. Rules 
and regulations adopted by the Sewerage Commissions 
of the City and of the County pursuant to  the Statutes 
further provide for coordination of the sewer improve- 
ment programs in the Metropolitan Sewerage District 
of the County of Milwaukee by requiring all cities and 
villages lying within the District and in contract service 
areas adjacent to  the District to submit their sewerage 
system and construction plans to  the District for approval 
before they connect to the main and intercepting system 
owned by the District. The two Commissions have the 
power to promulgate and enforce reasonable rules for the 
supervision, protection, management, and use of the 
entire sewerage system. 

Milwaukee-Metropolitan Sewerage District 
Section 59.96 provides authority for the creation of 
a metropolitan sewerage district in any county having 
a population of 500,000 or more where the city council 
of a city of the first class within that county has declared 
by resolution that such a commission is created. Upon 
the establishment of such a district, the district is to  be 
a corporate municipal body with powers to sue and be 
sued. Management of the Milwaukee Metropolitan Sewer- 
age System is under the direction of the Metropolitan 
Sewerage Commission of Milwaukee County and the 
City of Milwaukee Sewerage Commission. Day-today 
administration is provided by a Chief Engineer and 
General Manager. 

Authority to  Plan, Construct, Operate, and Maintain 
New and Existing Waste Treatment Facilities for the 
Control of Point Source Pollution: Metropolitan sewerage 
districts are created for the most part to solve point 
source problems. Section 59.96 authorizes the metro- 
politan sewerage district to  plan and construct main 
sewers, disposal facilities, and intercepting sewers for 
the collection, transmission, and treatment of house, 
industrial, and other sanitary sewerage. In addition, the 
metropolitan sewerage district may improve any water- 
course within the district by deepening, widening, or 
changing when necessary to  carry off surface drainage 
water. The metropolitan sewerage district is authorized 
to drain water from watercourses and may provide drains, 
conduits, or storm sewers. Before any water diversion is 
allowed, the metropolitan sewerage district must apply 
for a DNR permit. The metropolitan sewerage district 
may install and maintain sewage systems in any street, 
road, alley, or public highway or over, upon, or under 
any bed of a river in said county. 

A Chapter 59 metropolitan sewerage district may acquire 
by gift or lease or purchase any land or property situated 
in the county but outside the city of the first class which 
may be required for the purpose of planning, con- 
structing, and maintaining main sewers. A metropolitan 
sewerage district is authorized to  utilize Chapter 32 
eminent domain authorities. A Chapter 59 metropolitan 
sewerage district must submit all plans for any facilities 
to be constructed to  the sewerage commission of the 
city of the first class. In addition, any sewer extensions, 
alterations, or installations must be approved by the city 
of the first class. A metropolitan sewerage commission 
may within the county construct treatment plants neces- 
sary for the treatment of sewage coming from within 
or without the district. In addition, the metropolitan 
sewerage commission may contract with any town, city, 
village, sanitary district, or other metropolitan sewerage 
district to  provide for the treatment, transmission, or 
disposal of sewage from the contract areas. 

In 1970, the State of Illinois filed suit against the City of 
Milwaukee, the two Milwaukee sewerage commissions, 
and the Cities of Kenosha, Racine, and South Milwaukee, 
charging that the named defendants discharged poorly 
treated sewage into Lake Michigan thereby causing harm 
to Lake Michigan and to Illinois residents. In 1972, the 
United States Supreme Court ruled that Illinois had 
standing to sue but must initiate the suit in a Federal 
District Court rather than the United States Supreme 
Court. Illinois then filed suit in the United States District 
Court in Chicago. The suit was filed under federal and 
Illinois common laws of nuisance. On July 29, 1977, 
Federal District Judge John Grady ruled that the sewage 
discharges pose a health hazard to  residents of Illinois and 
ordered the City of Milwaukee and the two Milwaukee 
sewerage commissions to  institute a multiyear cleanup 
program. The judge specifically ordered Milwaukee to  
correct sewer overflows and install advanced waste treat- 
ment systems, and applied standards of 5.0 milligrams 
per liter (mg/l) of biochemical oxygen demand (BOD) 
and 5.0 mg/l of suspended solids for future discharges 



by the defendants into Lake Michigan. In addition, 
Judge Grady ordered the defendants to  draw up by 
September 9, 1977, a timetable for compliance, which 
is set forth as finally accepted by the County on Novem- 
ber 14, 1977 in Table 147, and compared therein to the 
stipulated settlement with the State of Wisconsin Depart- 
ment of Natural Resources, as discussed below. The 
Cities of Kenosha, Racine, and South Milwaukee were 
dropped as defendants from the suit after they agreed to 
install advanced waste treatment systems contingent 
upon federal aid and the condition that other dischargers 
to Lake Michigan meet the same restrictions. The federal 
order against Milwaukee was supposed to be complied 
with regardless of the availability of federal aid. 

be studied by the Task Force included the following: 
availability of federal funds for contemplated projects; 
engineering feasibility of projects; accuracy of cost esti- 
mates; and feasibility of budget requests.63 As noted 
earlier in this chapter, a stipulation was agreed to in 1977 
by the Sewerage Commission of the City of Milwaukee, 
the Metropolitan Sewerage Commission of the County of 
Milwaukee, and the Wisconsin Department of Natural 
Resources relative to a suit by the DNR concerning 
inadequate sewage treatment by the joint commissions. 
The resulting requirements are set forth in summary fash- 
ion in Table 147. As part of this stipulation, wasteload 
restrictions and apportionment of allowable incremental 

A Task Force on Metropolitan Sewerage Commission 
Development was created in 1976 by the Milwaukee 
County Executive to  advise the Milwaukee County 
Executive and the Milwaukee County Board on the need 
for funds requested by the Metropolitan Sewerage Com- 
mission for capital expenditures. The original issues to 

63 AS part of this initial inquiry, the Task Force approved 
a report entitled, SEWRPC Staff Analysis of Milwaukee 
Metropolitan Sewerage District Capital Projects. This 
report called for a multiyear capital improvement pro- 
gram totaling about $670 million. 

Table 147 

SUMMARY OF POLLUTION ABATEMENT REQUIREMENTS FOR THE 
MILWAUKEE-METROPOLITAN SEWERAGE DISTRICT AS OF JUNE 1978 

Source: Milwaukee-Metropolitan Sewerage District and SEWRPC. 

Requirement 

Wastewater Sludge 
Management Program 

Elimination of Wet Weather 
Flow Relief from Separate 
Sanitary Sewerage System. 

Terms of the Stipulation of May 25,1977 
with the State of Wisconsin, in Case 

No. 152-342 in the Circuit Court 
of Dane County, Wisconsin. 

Honorable Judge William C. Sachtjen Presiding 

Complete by July 1, 1982. 

Complete relief sewers by July 1,1983; 
expansion sewers by July 1.1982; and 
dry weather bypassing by July 1.1982. 

Terms of the Stipulation with the State of Illinois 
and the Judgment Order of November 14,1977, 

in the U. S. District Court, Northern District 
of Illinois, Eastern Division, 

Honorable Judge John F. Grady Presiding 

No specific requirement. 

Complete all by July I, 1986; and eliminate 
bypassing at sewage treatment facilities 
by December 31,1986. 

Sewer System Rehabilitation 
by July 1, 1980; and complete rehabilitation by 

Combined Sewer Complete design by July 1,1981 ;and complete the Complete facilities for conveyance, storage, 
Overflow Abatement abatement facilities and meet water quality and treatment in three stages, with screening 

standards by July 1, 1993. and chlorination of overflows. Storage 
capacity stages required are 700 acre-feet 
by December 31, 1985; 1,240 acre-feet by 
December 31, 1987; and 2,605 acre-feet by 
December 31,1989. 

Wastewater Complete secondary treatment and phosphorus Complete advanced wastewater treatment 
Treatment removal by July 1, 1982. and phosphorus removal (coagulation, 
Processes 

Effluent Limits Monthly averages of 30 mgll of biochemical 
oxygen demand, 30 mgll of suspended solids, 
1 mgll of phosphorus, 400 counts per 100 ml 
of fecal coliform. Weekly averages of 45 mgll 
of biochemical oxygen demand, and 45 mgll 
of suspended solids. 

sedimentation, and filtration are specified) 
by December 31,1986. 

30day moving averages of 5 mgll of biochemical 
oxygen demand, 5 mgll of suspended solids; 
monthly average of 1 mgll of phosphorus; daily 
maximum of 10 mgll of biochemical oxygen 
demand, 10 mgll of suspended solids; grab- 
samples not to exceed 40 counts per 100 ml 
of fecal coliform; free chlorine residual 
required at all times. 



flows were required. The Task Force on Metropolitan 
Sewerage Commission Development was delegated the 
responsibility to develop an allocation formula for the 
distribution of incremental waste loadings expressed in 
terms of flow, biochemical oxygen demand, and sus- 
pended content.64 In addition, the stipulation contained 
agreements concerning timetables for the construction 
and improvement of conveyance and treatment facilities 
of the Milwaukee Metropolitan Sewerage District. 

Authority to Accept Industrial Wastes: Section 66.33 
authorizes a metropolitan sewerage commission to  enter 
into contracts for the collection, treatment, and disposal 
of industrial wastes and sewage. Further contractual pro- 
visions may include the use of industrial or commercial 
treatment facilities by the metropolitan sewerage district 
and the coordination of sewage collection, treatment, 
or disposal facilities of a municipality with those of 
a commercial or industrial establishment. Finally, Sec- 
tion 66.33 authorizes a metropolitan sewerage com- 
mission to  accept contributions and other aid from 
commercial, industrial, and other establishments for the 
purpose of aiding in the prevention of water pollution. 

Authority to Refuse to Receive Wastes from Any Munici- 
pality or Subdivision Thereof Which Does Not Comply 
with Anv Provision of an Auuroved Areawide Water . . 
Quality Management Plan: Section 59.96(6)(c) authorizes 
a Chapter 59 metropolitan sewerage commission to: 

require any town, city or village in such county, 
or any occupant of any premises outside of 
said city of the first class, located in such 
county, engaged in discharging sewage effluent 
from sewage plants, sewage refuse, factory 
waste, into any river or canal within such 
county within the drainage area hereinafter 
provided for to so change or rebuild any such 
outlet, drain or sewer as to discharge said 
sewage, waste, or trade waste into the sewers 
of such city, town or village or into said main 
sewers by it and established under such regula- 
tions as the commission may determine.65 

In addition, a metropolitan sewerage commission may 
promulgate and enforce reasonable rules and regulations 
designed to promote the best results from the construc- 
tion, operation, and maintenance of the sewerage system. 
Section 59.96(8) authorizes the apportionment of the 
costs of transmission, treatment, and disposal of sewage 
for any repair or construction costs among each city, 
town, or village contributing to  the district system. 

64 As part of this inquiry, the Task Force approved 
a document entitled, SEWRPC Staff Analysis of Alter- 
native A~~or t ionments  of Incremental Sewage Allot- 
ment in the Milwaukee Metropolitan Area for the 
Advisory Task Force on Metro~olitan Sewerage Com- 
mission Uevelowment 

Authority t o  Plan, Construct, Operate, and Maintain 
Facilities or Structures for the Control or Abatement of 
Nonpoint Source Pollution: The authority of a Chap- 
ter 59 metropolitan sewerage commission to plan, design, 
construct, maintain, and operate nonpoint source abate- 
ment facilities is limited to  the construction and installa- 
tion of a storm sewer system. 

Authority to Enact and Enforce Regulations for the 
Control and Abatement of Non~oint  Source Pollution: 
A metropolitan sewerage commission is authorized by 
Section 59.96(6)(i) t o  make, promulgate, and enforce 
any reasonable rules and regulations for the management, 
supervision, and protection of the sewerage system of 
the district. Presumably, these regulations would affect 
and relate to any storm sewers owned and operated by 
a metropolitan sewerage commission. 

Joint Sewerage Commissions 
Section 144.07 provides authority for the creation of 
joint sewerage commissions. The Department of Natural 
Resources may order any town, village, or city to  be 
planned or constructed so that it may be connected with 
the sewerage or refuse system of another town, village, 
or city. After the appropriate hearing, the Department 
may order that proper connections be made. No hearing 
is required regarding systems of unincorporated areas. 
Cities, villages, and town sanitary or utility districts may 
construct and own such sewerage or refuse systems with- 
out being required to  do so by the Department of Natural 
Resources. A proper hearing and Department of Natural 
Resources approval are required. 

The joint sewerage systems may be owned and operated 
by one governmental unit or by the several participating 
units. Joint ownership would cause each unit to  pay its 
proportionate share of the costs. With sole ownership, 
various services would be sold to participating areas. In 
any event, various opportunities to be heard are provided 
to those participating units of government that feel an 
incorrect or unreasonable fee is being assessed for ser- 
vices rendered. 

In the situation of joint ownership of the sewerage 
system, a joint sewerage commission must be established 
to construct and manage the system. Where only two 
governmental units are participating the commission 
shall consist of three members. With more than two 
participating units of government, commission represen- 
tation shall be determined by a resolution adopted by 
the participating units of government. 

Authoritv to  Plan. Construct. O~erate.  and Maintain New , 

and ~ x i s i i n ~  waste Treatment F'acilities for the Control 
of Point Source Pollution: Section 144.07(4Mc) author- , ,, , 
izes the joint sewerage commission to  plan, construct, - .  
and maintain intercepting and main sewers, sewage dis: 
posal works, storm water sewers, and solid waste disposal 
facilities. In addition, the joint sewerage commission 
may employ personnel as necessary. Finally, any sewage 
disposal facilities or property constructed or maintained 
by the joint sewerage commission may be used for the 
disposal of garbage and refuse. 



Authority to Accept Industrial Wastes: Section 144.07 
(4)(c) authorizes the joint sewerage commissions to  
provide intercepting and main sewers for the collec- 
tion and transmission of industrial wastes. Although 
treatment of industrial wastes is not specifically autho- 
rized, joint sewerage commissions may treat sewage, 
the statutory definition of which includes wastes from 
industrial sources. 

Authority to  Plan, Construct, Operate, and Maintain 
Facilities or Structures for the Control or Abatement of 
Nonpoint Source Pollution: Joint sewerage commissions 
have very limited authoritv to  deal with non~oin t  source 
pollution. Authority is to construct and main- 
tain intercepting and main sewers for the collection 
and disposal of storm water which shall be separate 
from the sanitary sewerage system. In addition, Sec- 
tion 144.07(4)(c) includes authority t o  project, plan, 
construct, and operate solid waste disposal facilities. 

Authority to Enact and Enforce Regulations for the > 
tion: Joint sewerage commissions have no authority - 
to enact regulations relating to the abatement of non- 
point source pollution. 

Drainage Districts 
County drainage districts are special-purpose units of 
government administered by a single county drainage 
board consisting of three individuals appointed by the 
county court. Selection is made from a list of at least 
nine resident landowners of the county compiled by the 
county committee on agriculture. At least one of the 
members shall be an experienced farmer and another 
shall be someone familiar with drainage engineering 
if such an individual is available. 

A drainage district may be created upon petition sub- 
mitted by the owners of more than one-half the area of 
the lands proposed to be within the district or a majority 
of landowners owning at least one-third of the land area. 
The petition must contain a description of lands to  be 
included; a statement that the public health will be pro- 
moted; and a map of the area to  be included and other 
related data. After notice is mailed to all affected land- 
owners, the county drainage board is t o  approve or 
disapprove the petition. In addition, if the district is to 
include more than 200 acres, feasibility reports must be 
submitted by the Wisconsin Department of Administra- 
tion and the College of Agriculture of the University of 
Wisconsin. If the proposed drainage district contemplates 
activities involving navigable waters, a permit must be 
obtained from the Department of Natural Resources 
pursuant to  Section 88.31 of the Wisconsin Statutes. 
At the conclusion of the DNR hearing, the Department 
is to  issue the permit if it finds that the public health 
and welfare will be promoted by the proposed activity; 
that the proposed activity is necessary to the proper 
operation of the drainage system; and that navigability 
will not be impaired. Within 30 days of the hearing 
conducted by the drainage board, the drainage board 
must submit a preliminary report. Public health and 

welfare considerations play a major role in this deter- 
mination. In determining the effect on public health 
and welfare, the board shall consider the effects on 
water temperature, water level of surface water and 
groundwater, and whether the land proposed to be 
drained is needed to such a degree as to  warrant possible 
harmful effects caused by drainage. In addition, the 
drainage board's preliminary report may recommend 
an increase or decrease in the land area to  be included 
within the district. 

When the court orders the organization and creation of 
the drainage district, benefits, special assessments, and 
annual operation and maintenance costs are to be esti- 
mated. The board must file a written report with the 
court describing planned drains and improvements and 
the estimates mentioned above. 

Once a drainage district has been established, state 
statutes include provisions for annexation of additional 
territory, withdrawal of territory, consolidation of two 
or more districts, suspension or dissolution of district 
operations, and transfer of jurisdiction to cities, villages, 
and towns in certain instances. All of the above may be 
effected through the use of various contracts, petitions, 
and agreements. Specific requirements are outlined in 
Chapter 88 of the Wisconsin Statutes. 

Authority to Plan, Construct, Operate, and Maintain New 
and Existing Waste Treatment Facilities for the Control 
of Point Source Pollution: Drainage districts have no 
authority to  undertake any activity designed to abate 
or control point source pollution. 

Authority to  Plan, Construct, Operate, and Maintain 
Facilities or Structures for the Control or Abatement 
of Nonpoint Source Pollution: The primary purpose 
behind the creation of drainage districts is to  facilitate 
the installation and operation of structural devices and 
practices designed to promote proper drainage of lands 
included within the drainage district. The activities of 
a drainage district may, however, have a significant 
impact upon nonpoint source pollution. The drainage 
board is authorized to  perform the following activities: 

1 .  Purchase lands necessary for the construc- 
tion, repair, and maintenance of drains and 
related systems. 

2. Purchase, lease, and operate equipment and 
machinery necessary to  construct and repair 
drains including the equipment and machinery 
necessary to  control weeds and brush using 
herbicides. 

3. Enter into agreements with the federal govern- 
ment to permit drainage of federal lands within 
the drainage districts. 

4. Enter into agreements with the federal govern- 
ment to accept the benefits of any federal law 
concerning flood prevention or the conservation, 
development, utilization, and disposal of water. 



5. Layout drains of sufficient depth to adequately 
drain the lands proposed to be drained, and 
prepare profiles showing the grades of all drains 
and proposed location of all drains. 

No drains may be constructed on state-owned lands 
without the written permission of the State. 

As was mentioned earlier, a drainage district must obtain 
a permit from the Department of Natural Resources 
before any improvements or new construction involving 
navigable water may commence. Once such a permit is 
obtained, the drainage district may: 

(a) Do all acts necessary in and about the sur- 
veying, laying out, constructing, repairing, 
altering the course of, enlarging, clearing, 
deepening, widening, protecting, and main- 
taining any drain in, through, or upon such 
waters both within and beyond the limits 
of the drainage district; and 

(b) Procure, purchase or condemn by proceed- 
ings had under Chapter 32, riparian rights, 
rights of flowage, dams and water powers 
in such waters, both within and beyond the 
limits of the drainage district.@ 

Authoritv to Enact and Enforce Realations for the 

to enact and enforce regulations relating to  the abate- 
ment and control of nonpoint source pollution. Any 
regulations within the drainage district must be enacted 
by various counties or townships. 

PRIVATE STEPS FOR 
WATER POLLUTION CONTROL 

The foregoing discussion deals exclusively with water 
pollution control machinery available to  units and agen- 
cies of government. Direct action may also be taken, 
however, by private individuals or organizations to  
effectively abate water pollution. In seeking direct action 
for water pollution control, there are two categories of 
private individuals: riparians, or owners of land along 
a natural body of water, and nonriparians. 

Rivarians 
It is not enough for a riparian owner or proprietor seek- 
ing an injunction to  show simply that an upper riparian 
is polluting the stream and thus he, the lower riparian, 
is being damaged. Courts will often inquire as to  the 
nature and the extent of the defendant's activity, its 
worth to the community, its suitability to  the area, and 
his present attempts, if any, to  treat or abate wastes. The 
utility of the defendant's activity is weighed against the 
extent of the plaintiff's damage within the framework 

of reasonable alternatives open to both. On the plaintiff's 
side, the court may inquire into the size and scope of his 
operations, the degree of water purity that he actually 
requires, and the extent of his actual damages. This 
approach may cause the court to  conclude that the 
plaintiff is entitled to  a judicial remedy. Whether this 
remedy will be an injunction or merely an award of 
damages depends on the balance which the court strikes 
after reviewing all the evidence. For example, where 
a municipal treatment plant or industry is involved, the 
court, recognizing equities on both sides, might not 
grant an injunction stopping the defendant's activity but 
might compensate the plaintiff in damages. In addition, 
the court may order the defendant to install certain 
equipment or to take certain measures designed to mini- 
mize the future polluting effects of his waste disposal. It 
is not correct to  characterize this balancing as simply 
a test of economic strengths. If it were simply a weighing 
of dollars and cents, the rights of small riparians would 
never receive protection. The balance that is struck is 
one of reasonable action under the circumstances, and 
small riparians can be and have been adequately pro- 
tected by the courts. 

Riparians along the water bodies of southeastern Wiscon- 
sin are not prevented by the existence of federal, state, or 
local pollution control efforts from attempting to  assert 
their common law rights in courts. The court may ask the 
Wisconsin Department of Natural Resources to  act as its 
master in chancery, especially where unbiased technical 
evidence is necessary to  determine the rights of litigants. 
The important point, however, is that nothing in the 
Wisconsin Statutes can be found which expressly states 
that, in an effort to  control pollution, all administrative 
remedies must first be exhausted before an appeal to  the 
courts may be had or that any derogation of common law 
judicial remedies was intended. Thus, the courts are not 
prevented from entertaining an original action brought by 
a riparian owner to  abate water pollution. 

Nonriparians 
The rights of nonriparians to take direct action through 
the courts are less well-defined than in the case of 
riparians. The Wisconsin Supreme Court set forth 
a potentially far-reaching conclusion in ~ u e n c h  v. Public 
Service Commission when it  concluded that: 

The rights of the citizens of the State t o  enjoy 
our navigable streams for recreational purposes, 
including the enjoyment of scenic beauty, is 
a legal right that is entitled to  all the protection 
which is given financial rights.67 

This language, however, was somewhat broader than 
necessary to  meet the particular situation at hand, since 
the case involved an appeal from a state agency ruling. 
The case has not yet arisen where a private nonriparian 
citizen is directly suing to enforce his public rights in 

Sec. 88.31 (8). 67 261 Wis. 492, 53 N. W.  2d 514 ( 1  952). 



a stream. Only when such a case does arise can it be 
determined if the court will stand behind the broad 
language quoted above or draw back from its implica- 
tions. The more traditional view would be that a non- 
riparian citizen must show special damages in a suit to 
enforce his public rights. 

It should be noted that Section 144.537 of the Wisconsin 
Statutes presently enables six or more citizens, whether 
riparian or not, to  file a complaint leading to a full-scale 
public hearing by the Department of Natural Resources 
on alleged or potential acts of pollution. In addition, 
a review of Department orders may be had pursuant to  
Section 144.56 of the Wisconsin Statutes by "any owner 
or other person in interest." This review contemplates 
eventual court determination under Chapter 227 of the 
Wisconsin Statutes when necessary. The phrase "or other 
person" makes it clear that nonriparians may ask such 
judicial review. 

The Federal Water Pollution Control Act also provides 
for citizen suits. Under this law, any citizen, meaning 
a person or persons having an interest which is or may 
be adversely affected, may commence a civil action on 
his own behalf against any person, including any govern- 
mental agency, alleged to be in violation of any effluent 
standard, limitation, or prohibition or any pollution 
discharge permit or condition thereof; or against the 
Environmental Protection Agency Administrator when 
there is alleged failure by the Administrator to  duly carry 
out any nondiscretionary duty or to  act under the 
Federal Water Pollution Control Act. Prior to  bringing 
such action, however, the citizen commencing the action 
must give notice of the alleged violation to the Environ- 
mental Protection Agency Administrator, to the state in 
which the alleged violation occurs, and to the alleged 
violator. The courts, when issuing final orders in any 
action under this section, may award costs of litigation 
to any party. 

LEGAL ISSUES OF CONCERN TO THE 
AREAWIDE WATER QUALITY MANAGEMENT PLAN 

Three specific legal questions of direct concern to  the 
implementation of areawide water quality plans are 
addressed below. Of major concern to  areawide imple- 
mentation are any existing authorities for limiting access 
to  sewerage systems and thereby controlling development 
on adjacent residential lands; the basic legal authority for 
regulation of sludge management in general and land 
management of sludges specifically; and the authority 
of various state and federal agencies to review, approve, 
or otherwise comment on the reasonableness of inter- 
municipal contract fees for sanitary sewerage service or 
a given user charge-industrial cost recovery system. 

Limited Access Sewerage Systems 
A basic issue relating to  the construction of sewerage 
systems is whether ky public body may impose limita- 
tions upon access to  main and trunk sewers in order to  
avoid stimulation of unwise land use development that 
may occur as a result of the availability of centralized 

sanitary sewer service. Problems related to  limited access 
sewer systems become more numerous and important 
in connection with areawide sewerage systems serving 
several perhaps noncontiguous municipalities. There are 
several considerations which bear on this question. 

Section 144.04 provides the Department of Natural 
Resources with authority to  review sanitary sewer exten- 
sions. Administrative Code Chapter NR 110.05(6) iden- 
tifies a Department of Natural Resources policy which 
may require that an applicant for a sewer extension 
restrict the number of connections made to said exten- 
sion as a condition for Department approval under sub- 
sections 3, 4, or 5. The abovecited subsections authorize 
the Department to grant extension approval under several 
conditions including the submittal of an acceptable pro- 
gram to eliminate dry-weather or wet-weather bypasses 
or overflows by 1982 and time schedules for completion 
of the work and proof of financial ability and commit- 
ment. The Department, however, does not have specific 
authority to  deny approval of a trunk sewer which would 
permit the development of land beyond that identified 
in local or regional plans, if such a trunk sewer meets 
all conditions set forth in Chapter NR 110.05, none 
of which are related to  local or regional plans. The 
Department is limited to those criteria cited in Chap- 
ter NR 110.05 in approving sewer extensions and the 
number of allowable connections thereto. 

Cities and villages are authorized by Sections 61.39 and 
62.18(13) to  lay sewers: 

in and through any alleys and streets, and 
through any breakwater into any lake and also 
in any highways of the count whether within 
the limits of said city or not. 6 l  

In addition, cities and villages possess plat approval and 
subdivision regulatory authorities. Through utilization of 
these authorities, cities and villages may restrict develop- 
ment to desired areas and indirectly control access to 
trunk and main sewers. 

Town boards are required to: 

grant to  any adjoining city or village per- 
mission, in the extension of its water or sewage 
systems, subject to the rights of abutting 
property owners, to  lay and maintain water 
mains and sewers in any street or highway in 
the town . . . .69 

This requirement is vital in that towns may not exercise 
approval authority over the construction of sewer lines 
between two incorporated areas and may not force the 
provision of sewer service via connections to that system. 

68 Sec. 62.18(13). 

69 Sec. 60.29(16). 



Cities and villages may construct sewers in county high- 
ways through unincorporated lands and need not provide 
access to  such newly constructed sewers. 

State Sludge Management Authority 
A major element of the areawide water quality planning 
and management program has been the development of 
a sludge management plan for the Southeastern Wisconsin 
Region. During the preparation of this element of the 
areawide water quality plan, the general public's interest 
in sludge management has been rapidly increasing. This 
increased interest is at least partially due to increased 
regulatory activity of the Wisconsin Department of 
Natural Resources. Safe disposal of residual waste sludge 
is a crucial element of any areawide water quality plan. 
An important concern is the authority of the Department 
of Natural Resources to regulate the management and 
disposal of sludge. 

The authority to regulate sludge may be examined in 
terms of authority to  regulate the sludge generator 
and the disposal site. Section 147.02 of the Wisconsin 
Statutes authorizes the Department of Natural Resources 
to regulate sludge generators through the issuance or 
denial of discharge permits. The section states: 

The discharge of any pollutant into any waters 
of the state or the disposal of sludge from any 
treatment work by any person shall be unlaw- 
ful unless such discharge or disposal is done 
under a permit issued by the ~ e ~ a r t m e n t . ~ '  

Section 147.015(3) provides the definition of pollutant 
sewage sludge. Section 147.26 encourages publicly 
owned treatment works to  be designed to provide for 
the ultimate disposal of sewage sludge in a manner not 
resulting in environmental hazards. Through the issuance 
of Chapter 147 discharge permits, the Department of 
Natural Resources is authorized to  closely monitor 
sludge generation sites. 

The authority of the Wisconsin Department of Natural 
Resources over the disposal of sludge at the disposal 
site is not as clearly specified. The Department is given 
authority to  regulate solid waste disposal at sanitary 
landfill sites. In addition, the Department of Natural 
Resources has published Technical Bulletin No. 88. 
Guidelines for the AD-olication of Wastewater ~ l u d s e  
to  Agricultural Land in Wisconsin. discussed earlier in 

requires sludge management plans developed by each 
owner of a waste treatment facility to be evaluated on 
the basis of recommendations contained in Technical 
Bulletin No. 88. 

Authority over the disposition of sludge at the disposal 
site is present at the local level. Counties, towns, cities, 
and villages may protect and promote the public health 

through regulations and ordinances. Such regulations 
could limit the time of sludge application, the amounts of 
sludge applied, and the location of sludge applications. 
Such local regulations could have significant land resouce 
protection and water quality impacts. 

Sewage Treatment Rate Review Authority 
A vital concern to areawide water quality planning and 
plan implementation is the development of sewage 
treatment rates and schedules whereby individuals or 
contracting municipalities will pay a proportionate share 
of any waste treatment services provided. Of particular 
concern is the situation where one community uses the 
leverage of extremely high waste treatment charges or 
restriction of service to compel certain actions on the 
part of a dependent community. The prime issue raised 
here is where the review authority, if any, lies. It should 
be noted that any new facility utilizing federal construc- 
tion grant funds must adopt a user charge system 
whereby recipients of waste treatment services pay 
a proportionate cost of operation and maintenance. 

The Wisconsin Public Service Commission is given statu- 
tory authority t o  supervise and regulate public utilities 
of the State. With two principal exceptions, the Public 
Service Commission does not have regulatory authority 
over sewerage operations, since such operations are not 
included within the statutory definition of public utility. 
Towns, villages, and cities of the fourth class that operate 
a joint utility for the provision of sewer and water ser- 
vices may have their sewer and water rates subject to  
Public Service Commission approval. In addition, Sec- 
tion 66.076(9) authorizes the Public Service Commission 
to hear complaints filed by users of the service of sew- 
erage systems of towns, villages, cities, or metropolitan 
sewerage districts or the holder of debt securities. Such 
complaints may state that rates, or practices related to 
rates, are unreasonable or unjustly discriminatory. The 
Public Service Commission shall investigate the com- 
plaint and may hold a public hearing. According t o  
Section 66.076(9), after the public hearing: 

if the public service commission shall determine 
that the rates, rules or practices complained of 
are unreasonable or unjustly discriminatory, it 
shall determine and by order fix reasonable 
rates, rules and practices and shall make such 
other order respecting such complaints as may 
be just and reasonable. 

No mention is made of any Public Service Commission 
jurisdiction over rates of joint sewerage commissions 
established under Section 144.07 or intergovernmental 
contracts established under Section 66.30. It appears that 
Public Service Commission sewer service rate jurisdiction 
is limited to  the two circumstances noted above and 
does not cover intergovernmental sewerage contracts 
authorized by Section 66.30, or service provided by 
Section 144.07 joint sewerage commissions. Wisconsin 
State Senate Bill 422 enacted in 1977 would provide 
the Milwaukee Metropolitan Sewerage Commission with 
authority to initiate a limited user charge and industrial 
cost recovery system. In addition, Senate Bill 422 would 



authorize rate hearings before the Public Service Commis- 
sion upon a complaint of any user. The Public Service 
Commission, upon a finding that the questioned rates are 
unreasonable or unjustly discriminatory, would be 
empowered and obligated to fix reasonable charges, rules, 
and practices by order. The bill did pass the Legislature 
and was signed by Acting Governor Martin J. Schreiber 
on May 11,1978, and became effective on May 24,1978. 

SUMMARY AND CONCLUSIONS 

This chapter has described in summary form the basic 
existing legal framework for areawide water quality 
planning and plan implementation in southeastern 
Wisconsin. This framework consists primarily of water 
pollution control legislation and administrative machinery 
at the federal, state, and local levels. In areawide water 
quality management planning and plan implementation, 
the law can be as important as the technical feasibility 
and cost of proposed facilities in determining the ulti- 
mate feasibility of the areawide water quality plan. Two 
companion analyses of existing law in southeastern Wis- 
consin provide a background against which this chapter 
is set. These reports are SEWRPC Technical Report 
No. 2, Revised ~d i t i on ,  Water Law in Southeastern  is- 
consin, and SEWRPC Technical Report No. 6, Revised 
Edition. Planning Law in Southeastern Wisconsin. These - 
two volumes provide background information for analysis 
of existing laws and regulations as they relate to the 
areawide water quality planning and management effort. 
Of critical importance is a determination of those local 
agencies qualified to be formally designated as manage- 
ment agencies. This determination will be based on 
information presented here and criteria mandated by 
Section 208 of the Federal Water Pollution Control 
Act Amendments of 1972 for management agencies 
designation. Additional considerations include the admin- 
istrative, staff, and financial capabilities of specific 
agencies to execute their specific roles in the physical 
plan implementation. 

With the passage of the Federal Water Pollution Control 
Act Amendments of 1972, the United States Congress 
set in motion a series of actions which will have many 
ramifications for areawide water quality planning and 
plan implementation within the Region. Water use objec- 
tives and supporting water quality standards are now 
required for all navigable waters of the United States. It 
is a national goal to eliminate the discharge of pollutants 
into the navigable waters of the United States by 1985 
and to obtain an interim goal of water quality suitable 
for the maintenance of fish life and for human recrea- 
tional activities in and on the water by 1983. To meet 
these goals, the Act requires in addition to  water use 
objectives and water quality standards the enactment of 
specific effluent limitations for all point sources of water 
pollution. For certain categories of polluters, national 
standards of wastewater treatment are to be formulated 
and applied to  any newly established source within the 
categories. In addition, the Act established a pollutant 
discharge permit system under which the State of Wis- 

consin issues permits under federally delegated authority, 
limiting the discharge of any pollutants or combination 
of pollutants. 

Each state must have a continuing planning process 
designed to achieve the overall water quality objectives 
of the Act. This process is to  result in the preparation 
of comprehensive development plans for natural basins 
and watersheds and must incorporate metropolitan or 
regional sanitary sewerage system plans. In order to  pro- 
vide a basis upon which to  expend federal monies in 
metropolitan areas for public waste treatment works 
construction, the new Act requires the development and 
implementation of areawide water quality management 
plans. Upon completion of areawide water quality 
management plans, management agencies must be desig- 
nated to carry out the plans. The Administrator of the 
Environmental Protection Agency can issue federal grants 
for waste treatment works construction only to such 
management agencies and only for treatment works 
found to be in accordance with the officially adopted 
plan. In addition, no permits may be issued for any point 
source of water pollution found to be in conflict with 
an adopted areawide waste treatment management plan. 

In addition to  the Federal Water Pollution Control Act 
Amendments of 1972, other important pieces of federal 
legislation relate to  development and implementation 
of this areawide plan. These include the National Envi- 
ronmental Policy Act, the Safe Drinking Water Act, 
the Coastal Zone Management Act, the Resource Con- 
servation and Recovery Act of 1976, and the Toxic 
Substances Control Act. Of particular importance is the 
federal legislation dealing with rural land management 
and technical and financial aids for purposes of soil 
conservation on agricultural lands. The Consolidated 
F m  and Rural Development Act and Food and Agri- 
culture Act of 1962 authorize loans to  farm owners, 
tenants and farm associations for purposes of land and 
water development and conservation. The Watershed 
Protection and Flood Prevention Act authorizes river 
basin surveys, watershed planning, and the installation 
of works of improvement including floodwater retarding 
structures, stream channel improvements, and sediment 
control structures. The Water Bank Act provides grants 
to conserve, preserve, and improve wetlands. Agreements 
are signed whereby landowners pledge to preserve the 
status of certain lands for the duration of the agreement. 
Another federal act relating to  agriculture is the Soil 
Conservation and Domestic Allotment Act. This Act 
authorizes the Soil Conservation Service t o  provide 
technical and consultive assistance to  individuals and 
local units of government in the planning, developing, 
and application of local soil and water conservation 
plans. Finally, the Clean Water Act of 1977 amends 
earlier federal laws to provide for cost-sharing of agri- 
cultural pollution control project costs through Sec- 
tion 208(j) of the Federal Water Pollution Control Act. 

Responsibility for water pollution control in Wisconsin 
is centered in the Wisconsin Department of Natural 
Resources. The Department is given authority to prepare 



long-range water resources plans, to establish water use 
objectives-with supporting water quality standards- 
applicable to all waters of the State, to issue pollution 
abatement orders, to certify sewage treatment plant 
operators, to review and approve plans for sewerage 
facilities, to order the installation of sanitary sewerage 
systems, and to administer financial assistance programs 
for the construction of water pollution abatement facili- 
ties. Water use objectives and supporting water quality 
standards applicable to  all of the surface waters of the 
State were established by the Wisconsin Resource Devel- 
opment Board in 1967-68 and were revised in 1973 by 
the Csepartment of Natural Resources, the successor 
agency. Wisconsin Statutes concerning nonpoint source 
pollution control include Chapter 144, which authorizes 
the Department of Natural Resources to assume general 
water pollution control in the State; Chapter 236, which 
establishes procedures and criteria for plat approvals; 
Chapter 92, which authorizes the State Board of Soil 
and Water Conservation Districts to oversee the activities 
of county soil and water conservation districts; Chap- 
ter 25.44, which creates the "Wisconsin Fund" to provide 
financial assistance for both point and nonpoint pollution 
control projects; Chapter 33, which authorizes the 
Department of Natural Resources to establish districts 
and give grants and project approvals for inland lake 
protection and rehabilitation; and Chapter 94, which 
authorizes the State Department of Agriculture to regu- 
late the registration, application, sale, and distribution 
of pesticides. 

Perhaps most important of the legal aspects pertaining 
to implementation are the legal authorities possessed by 
local units of government, since the ultimate success or 
failure of the areawide water quality management plan 
depends upon local acceptance and implementation. Four 
general-purpose units of government-towns, villages, 
cities, and counties-were examined to determine their 
qualifications as management agencies with regard to 
their authority to implement the areawide water quality 
management plan. In addition, eight types of special- 
purpose units of government were examined for their 
legal qualification to be designated as management 
agencies. These special-purpose units include soil and 
water conservation districts; public inland lake protec- 
tion and rehabilitation districts; utility districts; drainage 
districts; town sanitary districts; metropolitan sewerage 
districts; the Milwaukee Metropolitan Sewerage District; 
and joint sewerage commissions. 

Private citizens may take steps to abate existing water 
pollution and prevent potential pollution. Riparians 
have a common law right to enjoin another riparian from 
polluting a stream, providing significant damages can 
be shown. Nonriparians also have certain rights to enjoy 
the navigable waters for recreational and other purposes. 
The Wisconsin Statutes permit six or more citizens, 
whether riparian or not, to file a complaint leading to 
a public hearing by the Department of Natural Resources 
on alleged or potential acts of water pollution. Private 
citizens may also file suit in U. S. Courts to enjoin viola- 
tions of the Federal Water Pollution Act and to force 

federal officials to properly carry out their nondiscre- 
t,ionary activity under the Act. 

Based on the findings of this chapter, several conclusions 
relative to legal authorities possessed by potential man- 
agement agencies may be advanced. 

1. In the area of point source control, there appears 
to be adequate authority to implement the 
various elements of any areawide water quality 
management plan. The Wisconsin Department 
of Natural Resources through its authorities 
found in Chapters 144 and 147 of the Wisconsin 
Statutes generally possesses adequate statewide 
implementation authority. Of particular impor- 
tance is the Chapter 147 discharge permit system 
currently administered by the Department. The 
only identified area of inadequacy was the 
absence of authority to specifically consider 
land use impacts among the criteria upon which 
to review sanitary sewer extension applications 
under Chapter 144.04, a limitation removed 
by the Wisconsin Legislature in the 1977 session. 

2. Traditionally, cities, villages, metropolitan sew- 
erage districts, and joint sewerage commissions 
have been the major agencies to deal with the 
management and operation of waste treatment 
facilities. These units of government possess ade- 
quate authority to implement those portions of 
the areawide water quality plan dealing with 
point source pollution. In some cases, however, 
the implementation of the required user charge- 
industrial cost recovery systems may over- 
reach these existing authorities. Specifically, the 
Milwaukee-Metropolitan Sewerage Commission 
established under Wisconsin Statutes is currently 
seeking legislative authorization powers needed to 
implement such a system. No specific authoriza- 
tion to utilize a system of user charge-industrial 
cost recovery was included in Section 59.96 of 
the Wisconsin Statutes-the section which pro- 
vides authority for the creation of a metropolitan 
sewerage district-until amendments were pro- 
posed in the Wisconsin Legislature in the 1977 
session, since authorization to raise revenues 
was restricted to ad valorem taxation. Other 
units of government appeared to have adequate 
authority to implement this system but may 
need to overcome administrative difficulties 
of implementation. 71 

71~ubsequent to the preparation of this text, the Wis- 
consin State Legislature enacted legislation authorizing 
the Metropolitan Sewerage Commission of Milwaukee 
County to develop and apply a user charge and cost 
recovery system. Such authority did not address the 
issuance of revenue bonds, another capability which 
could be considered important to the development of 
large-scale sewerage facilities for the Metropolitan Sew- 
erage District. 



3. Because nonpoint source pollution was a concern 
rarely addressed in past planning and enforcement 
efforts, many deficiencies in implementation 
authorities are present. A logical list of local 
agencies to be considered for designation for 
$he implementation of rural nonpoint source plan 
elements includes counties, towns, and soil and 
water conservation districts. A basic problem 
inherent in all three units is that only limited 
implementation and enforcement authority 
extends to  unincorporated areas. County soil and 
water conservation districts may enter into volun- 
tary, cooperative programs with incorporated 
villages and cities, and appear to be suited by 
tradition and technical expertise to  implement 
aspects of the rural nonpoint element of the area- 
wide plan as it relates to  agriculture and construc- 
tion activities. In addition, Chapter 92 of the 
Wisconsin Statutes authorizes the establishment 
of land use regulations for unincorporated areas 
of the county following a lengthy and difficult 
procedure which includes county board and local 
referendum approval. This cumbersome process 
has effectively precluded utilization of this 
authority and forced soil and water conservation 
districts to rely on more traditional voluntary 
agreements. A strict interpretation of Chapter 92 
language regarding the policy behind Chapter 92 
might indicate that ordinances enacted for the 
purposes of water pollution control would not 
be allowed, since only soil conservation purposes 
are cited. In summary, soil and water conserva- 
tion districts have adequate statutory plan imple- 
mentation authority but in practice they are 
forced t o  rely on voluntary cooperation due to  
procedural difficulties of ordinance passage. In 
addition, innovative and improved funding pro- 
grams and incentives must be implemented before 
the soil and water conservation district can be 
an effective management agency. 

4. Counties have adequate authority to  deal with 
nonpoint source pollution in unincorporated 
areas but such authority is very limited within 
cities or villages. Counties have only limited plat 
review authority within incorporated areas. In 
addition, counties may enter into various volun- 
tary programs with incorporated areas under 
Section 66.30. Counties may utilize police powers 
in their zoning authority to regulate land uses 
within the unincorporated areas, but to do so 
effectively, three related hindrances must be 
overcome. These hindrances are the facts that 
a county zoning ordinance cannot restrict exist- 
ing uses; that variances to  the zoning regulations 
are often freely given; and that the county is 
dependent in most cases upon town acceptance 
to  be in force. Counties have the authority to  
enact Chapter 92 land use regulations which are 
enforced by the county soil and water conserva- 
tion district; however, these regulations are 
difficult to  enact, as noted above. In addition to  
zoning authorities, counties possess regulatory 

authority to  control nonpoint source pollution 
by means such as plat approval, building and 
sanitary codes, shore protection, solid waste 
management, and shoreland and floodplain 
zoning ordinances. County health and sanitary 
authorities may be utilized to  deal with various 
sources of nonpoint pollution. 

5. Civil towns may rely on their police powers for 
zoning to implement portions of the areawide 
plan, although town zoning, like county zoning, 
requires joint acceptance by both levels of govern- 
ment except in cases where no county zoning 
ordinance exists. In addition to  zoning powers, 
towns have regulatory powers to  control nonpoint 
source pollution through ordinances governing 
subdivision regulation, building and sanitary 
codes, and garbage disposal regulations. 

6. Chapter 33 inland lake protection and rehabilita- 
tion districts possess potential for significant 
involvement in nonpoint source abatement activi- 
ties within the boundaries of those districts as 
they affect the inland lakes. A major deficiency 
with the authorities possessed by the lake district 
is that such a district may include only the prop- 
erty which will be benefited by the creation of 
such a district. This restriction would cause many 
upland areas contributing to  lake degradation not 
to be included within such a district. In addition, 
Chapter 33 addresses only those lakes, reservoirs, 
or flowages which have public access via con- 
tiguous public lands or easements. 

7. Cities, villages, and metropolitan sewerage dis- 
tricts are generally qualified to  implement por- 
tions of the areawide plan dealing with urban 
nonpoint source pollution. Cities, villages, and 
metropolitan sewerage districts have demon- 
strated sufficient authority to convey and treat 
storm water by means including construction, 
operation, and maintenance of urban storm water 
conveyance, storage, and treatment facilities. 
Other types of urban nonpoint management 
activities will not differ from current public 
works activities of cities and villages including 
litter and leaf control, pet and animal waste 
control, and street sweepinglcleaning. These 
expanded activities are well within the police 
power and home rule authority of cities and 
villages to  construct, maintain, and plan nonpoint 
pollution abatement projects and to promote the 
health, safety, and welfare of the people. In addi- 
tion, villages and cities have adequate authority 
to review plats and to enact subdivision control 
ordinances and floodplain zoning ordinances. 
Cities and villages also have sufficient police 
power authority to  enact ordinances requiring 
basic maintenance practices to be performed by 
the private sector. Cities and villages possess 
broad authority to regulate the construction of 
buildings through the issuance or denial of build- 
ing permits. In addition, cities and villages have 



broad zoning authority whereby they may 
regulate and restrict buildings and other struc- 
tures. Through this authority and the issuance of 
conditional use permits, nonpoint abatement 
structures associated with storm water manage- 
ment may be required. In addition, cities and 
villages may enact subdivision control ordinances 
requiring the installation of certain necessary 
improvements such as storm water manage- 
ment systems. 

8. The Wisconsin Department of Natural Resources 
appears to have sufficient authority to regulate 
wastewater sludge management practices. The 
Department may regulate the treatment, storage, 
transport, and disposition of sludge primarily 
through the issuance of Chapter 147 discharge 
permits to  sludge generators. In addition, the 
Department has issued Technical Bulletin No. 88, 

has incorporated the bulletin by reference in 
the Wisconsin Administrative Code. Improved 
record keeping systems must be devised with 
the capability to quickly determine past sludge 
application rates. This task could be performed 
by the Department as part of the permit process. 
Adequate temporary storage of sludge on or near 
the site of land application may also be regulated 

by the Department as well as by towns and coun- 
ties having the local land use control authority, 
inclusive of sludge storage and methods and con- 
ditions of application of sludge to properly suited 
lands. This allows for local control over DNR 
decisions in this matter. 

9. From the previous discussion of specific legal 
issues pertaining to water quality management in 
southeastern Wisconsin, several conclusions may 
be stated. The Wisconsin Department of Natural 
Resources possesses authority to restrict sewer 
connections. As of 1976, it did not have the 
authority, however, to  limit such connections for 
reasons solely based on land management criteria. 
In addition, cities and villages have authority to 
limit connections to  sewerage systems extending 
through unincorporated areas. Conversely, towns 
may not demand connection to  a proposed 
system as a condition of approval. The Wisconsin 
Department of Natural Resources possesses 
adequate authority to  regulate the disposal of 
sewage sludge through utilization of Chapter 147 
discharge permits. Finally, public service commis- 
sion sewer service rate jurisdiction is limited to 
two situations. It appears that the public service 
commission does not have sewerage rate jurisdic- 
tion in situations involving joint sewerage com- 
missions or contracts agreed to pursuant to 
Chapter 66.30 of the Wisconsin Statutes. 



Chapter VII 

FINANCIAL RESOURCES AFFECTING WATER QUALITY MANAGEMENT 

INTRODUCTION 

The sound evaluation of any recommended areawide 
water quality management plan requires a determination 
that the implementing local units of government and 
other agents have the financial ability to  make the 
improvements and take the other actions recommended 
for the attainment of the agreed-upon water quality 
objectives. It is accordingly the purpose of this chapter 
to examine the financial ability of the local units of 
government and of the private interests in the Region 
that may be affected to carry out the recommended 
water quality management program. Three major aspects 
of the financial ability to implement the recommended 
plan are considered herein: the amount of the public 
financial resources which may be expected to be avail- 
able; the probable financial ability of the private agri- 
cultural, industrial, and commercial interests which 
may be affected; and the various potential sources 
of public revenue. 

The public financial resources of a unit of government 
may be expressed in terms of the revenues obtained 
and the expenditures made. For the purposes of this 
study, a five-year time span was selected to typify the 
historic financial resource patterns of the govern- 
mental units within the Region. This relatively short 
time span was selected because it was believed to be 
more typical of the current financial condition of the 
Region and, therefore, a better basis for projecting 
the probable future condition. 

The main sources of funds available to  the units of 
government within the Region, as indicated by Corn- 
mission inventories, are generally taxes, both direct and 
stateshared; borrowing; and revenues for public services 
rendered. Each of these sources was considered at the 
county, city, village, and town levels of government, 
based on past experience and future potential so that 
the relative importance of each source to  the total 
financial base and to water quality plan implementation 
could be ascertained. Public expenditures were consid- 
ered in terms of total expenditures by the various levels 
of government and in terms of the proportion devoted to  
water quality-related expenditures. 

Since the areawide water quality management planning 
program may also be expected to  affect the private 
sector, it was also necessary to evaluate the probable 
availability of private financial resources for plan imple- 
mentation. Due to disclosure laws, any inventory of 
private financial resources must be limited to  an estimate 
of income earned by the agricultural sector of the area 
economy and an estimate of the value added by the 
manufacturing sector. Thus, the private costs of rec- 

ommended water quality programs may be viewed in 
relation to  the value added in the Region by industrial 
and commercial enterprises and in relation to  agricul- 
tural income. 

The final purpose of this chapter is to explore possible 
additional sources of public and private funds to aid in 
implementing the water quality management recom- 
mendations. This exploration involves consideration of 
the potential funds available as well as of the legal rarnifi- 
cations of using specific potential funding sources. 

THE FINANCIAL BASE OF THE REGION 

The purpose of the Commission inventory of the financial 
resources of the Region was to  provide an estimate of 
the amounts of funds historically allocated to water 
quality management-related programs by both the public 
and private sector, along with the sources of those funds 
and the potential sources available for future revenues 
necessary to  implement the recommended areawide water 
quality management plan. The specific groups which are 
likely to be charged with responsibility for plan imple- 
mentation include the individual units of government 
within the Region which represent the public sector, plus 
those private sector groups identified herein as either 
agricultural or industrial-commercial. 

Since water quality is only one of the many concerns of 
government, the proportionate share of total revenues 
available for the construction, operation, and mainte- 
nance of water quality management-related facilities 
must also be investigated because the availability of funds 
for these facilities is affected by funding needs of other 
public facilities and services. Knowledge of the propor- 
tionate share of total public revenues and expenditures 
historically allocated to  water quality management is 
particularly useful in preparing forecasts of the probable 
future level of funding for the implementation of the 
water quality management plan. 

The primary source of data on the historic and current 
levels and sources of revenues and expenditures and 
on the levels of indebtedness by the general units of 
government operating in the Region was the annual 
financial report form filed by the local units of gov- 
ernment with the Wisconsin Department of Revenue, 
Bureau of Municipal Audit, at the end of each calendar 
year or-in the case of towns-at the end of each fiscal 
year. Data used to  analyze tax levy and taxable prop- 
erty valuation trends and to compile historic and 
current indebtedness were obtained from the Wisconsin 
Department of Revenue, Bureau of Local Fiscal Infor- 
mation. Additional data were also obtained from the 
Annual Report of the MiIwaukee-Metropolitan Sewerage 



Commission and personal communications with the 
staff of the Commissions regarding their expenditures. 
The Regional Planning Commission also conducted 
a survey of the local units of government which operate 
sanitary sewerage systems in order to obtain more 
specific data about the expenditures for such systems. 
This survey included a mail questionnaire and, as needed 
to supplement that questionnaire, personal interviews 
with local staffs. The resulting data reflect only the 
estimated actual 1975 cost-including debt retirement 
and interest and operations and maintenance costs 
and excluding state and federal grants-in-aidas opposed 
to the financial commitments made in 1975, by issuing 
bonds or notes. These data provided a basis for interpre- 
tating data obtained from other sources--especially from 
the Wisconsin Department of Revenue audit forms- 
which frequently include as lump sums the local 
commitments for the entire amount of indebtedness 
incurred for capital improvement projects related to 
water quality management. 

In order to provide a more meaningful assessment of 
trends in the revenue and expenditure levels of local 
units of government, yearly revenue and expenditure 
amounts were converted to a constant dollar base, 
thus offsetting the changes in the purchasing power 
of the dollar that have taken place over time due to 
general price inflation. The Consumer Price Index (CPI) 
as issued by the U. S. Bureau of Labor Statistics was 
used to "inflate" current year dollar amounts to a 1976 
base or real dollar amount. These CPI values are shown 
in Table 148. The revenues and expenditures contained 
herein are thus stated in constant 1976 dollars and 
are directly comparable in terms of general purchas- 
ing power. 1 

EXPENDITURES 

Expenditure patterns for the City of Milwaukee and 
Milwaukee County are presented separately from those 
of other city and county units of government in the 
Region. This was done because of the sheer magnitude 
of the Milwaukee expenditures, which would overwhelm 
any analysis of the expenditures of other local govern- 
mental units, and because the expenditure patterns of 
the City and County of Milwaukee vary significantly 
from those of the other units of government. It should be 
noted that school districts, which are largely autonomous 
in their budgeting process and have little direct affect 
on water quality-related finances, were excluded from 
the analysis. 

' ~n order to update the 1976 dollar amounts contained 
in this report to more current values, a multiplier may be 
used. A multiplier value of 1.13 times the 1976 values 
will bring the listed dollar amounts up to May 1978 
dollar values. 

Table 148 

MILWAUKEE AREA ANNUAL AVERAGE 
CONSUMER PRICE INDEX VALUES: 1971-1976 

Source: U. S. Department of Labor, Bureau of Labor Statistics 
and SEWRPC. 

The combined total expenditures-expressed in 1976 

Base 1976 

71.9 
74.1 
78.7 
86.4 
94.1 

100.0 

Year 

1971 
1972 
1973 
1974 
1975 
1976 

dollars--of local units of government in the Region for 
all categories of expenditures, including water quality 

Base 1967 

120.1 
123.7 
131.5 
144.3 
157.1 
167.0 

management-related expenditures, increased from more 
than $1,100 million in 1971 to more than $1,120 million 
in 1975, an overall real increase of $20 million, or about 
2 percent, as shown in Table 149. In contrast, the expen- 
ditures for water quality management-related items by 
all local units of government in the Region decreased in 
real dollar amounts, as shown in Table 150, from a 1971 
total of $119 million to $116 million in 1975, a decrease 
of $3 million, or 3 percent. This decrease is in part the 
result of the completion of a heavy capital investment 
program during the period from 1971 through 1973 by 
the Metropolitan Sewerage Commission of the City of 
Milwaukee involving construction of the South Shore 
sewage treatment plant. The decrease is also attributed 
in part to the effects of a decrease in the local share of 
the total cost of projects, as the federal share under 
the grants-in-aid program for sewage collection and 
treatment systems rose from 50 percent to 75 percent 
between 1971 and 1975. If the expenditures of the 
Metropolitan Sewerage Commission are excluded from 
the analysis, the expenditures by the other units of 
government for water quality management-related items 
would show a real increase from $97 million in 1971 
to $102 million in 1975, a $5 million, or 5 percent, 
increase over the five-year period. In 1971, the water 
quality-related expenditures comprised about 10.8 per- 
cent of the total expenditures of all local units of gov- 
ernment in the Region. By 1975, this percentage had 
decreased to about 10.3 percent, as shown in Table 151. 
Therefore, because of the expenditures for the South 
Shore sewage treatment plant during the early part of 
the period of the inventory data, the relative level of 
water quality-related expenditures by all units of gov- 
ernment has decreased since 1971, as has the absolute 
level of expenditures expressed in constant dollars. 
Figure 45 indicates that water quality expenditures 
parallel total expenditures. 

The following discussion details the expenditure patterns 
of the local units of government based on the data avail- 
able for the period from 1971 to 1975. 



Table 149 

TOTAL REPORTED EXPENDITURES FOR ALL PURPOSES BY UNlT OF GOVERNMENT I N  THE REGION: 1971-1975 
( IN CONSTANT 1976 DOLLARS) 

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

Table 150 

Unit of Government 

MilwaukeeCounty.. . . . . . . . . . .  
All Counties 

(excluding Milwaukee County). . .  
City of Milwaukee. . . . . . . . . . . .  
All Cities 

(excluding Milwaukee) . . . . . . . .  
Villages . . . . . . . . . . . . . . . . . . .  
Towns . . . . . . . . . . . . . . . . . . . .  
Region 

TOTAL REPORTED WATER QUALITY-RELATED EXPENDITURES BY UNlT OF GOVERNMENT I N  THE REGION: 1971-1975 
( IN CONSTANT 1976 DOLLARS) 

Difference 
1971-1975 

Absolute 

$13.3 

24.0 
- 48.9 

30.6 
- 1.4 
0.8 

18.4 

Expenditures 
(millions) 

a Includes the expenditure for capital projects undertaken by the Sewerage Commission of the County of Milwaukee. 

Percent 

3.7 

20.1 
- 16.0 

12.9 
- 2.4 
4.1 

1.7 

blncludes the expenditures for operation and maintenance of the Sewerage Commission of the City of Milwaukee. 

1971 

$ 361.1 

119.6 
306.5 

237.0 
57.8 
19.7 

$1,101.7 

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 

Source: Wisconsin Department of Revenue, Bureau of Municipal Audit Sewerage Commission of the County of Milwaukee; and SEWRPC. 

1973 

$ 374.1 

150.3 
294.4 

217.4 
56.9 
23.0 

$1,116.1 

1972 

$ 383.4 

148.5 
333.5 

246.3 
57.1 
22.5 

$1,191.3 

Difference 
1971-1975 

Milwaukee County Expenditures 
Water quality expenditures by Milwaukee County largely 
reflect the pattern of capital expenditures by the Metro- 
politan Sewerage Commission, since the County provides 
the capital construction monies for the Metropolitan 
Sewerage Commission except for those monies produced 
by contractual agreements with communities outside of 
Milwaukee County. These expenditures reached a maxi- 
mum of more than $37 million in 1972, as shown in 
Table 150 and Figure 46, during construction at the 
South Shore treatment plant. As previously discussed, 
the annual expenditures have consistently declined since 
then, to a 1975 level of about $16 million. This pattern 
of declining expenditure could be significantly altered 

Absolute 

- 15.7 

1.4 
- 5.6 

14.0 
1.6 
1 .O 

- 3.3 

Expenditures 
(millions) 

in the future. The Metropolitan Sewerage District of the 
County of Milwaukee, in a stipulation with the State of 
Wisconsin, has agreed to annual expenditure levels which 
average $38 million per year over the 17-year period 
covered by the stipulation. The Federal Court order 
sought by the State of Illinois against the Metropolitan 
Sewerage District would call for much larger average 
expenditures over a 13-year time span. The estimated 
expenditures resulting from these Court actions are 
shown in Table 152. Accordingly, the future proposed 
expenditures would greatly exceed the 1972 expenditure 
level, with the annual cost of the construction program 
(in terms of debt service costs) estimated to equal or 
exceed $49 million. 

1974 

$ 348.2 

128.0 
284.5 

207.4 
61.1 
18.9 

$1,048.1 

Percent 

- 50.5 

127.3 
- 16.3 

36.0 
14.0 
43.5 

- 2.8 

1975 

$ 374.4 

143.6 
257.6 

267.6 
56.4 
20.5 

$1,120.1 

1975 

$ 15.4 

2.5 
28.7 

52.6 
13.0 
3.3 

$1 15.5 

1971 

$ 31.1 

1.1 
34.3 

38.6 
11.4 
2.3 

$1 18.8 

1973 

$ 23.6 

2.5 
37.8 

39.0 
15.6 
2.4 

$120.9 

1972 

$ 37.3 

1.4 
31.5 

45.2 
8.8 
2.2 

$1 26.4 

1974 

$ 14.2 

2.7 
35.7 

44.9 
6.8 
3.6 

$107.9 



Table 151 Remaining Counties 
The remaining six counties in the Region show a $1.4 mil- 

REPORTED WATER QUALITY EXPENDITURES 
AS A PERCENTAGE OF TOTAL EXPENDITURES 

FOR THE LOCAL UNITS OF GOVERNMENT 
I N  THE REGION: 1971-1975 

Source: SEWRPC. 

Unit of Government 

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

Average of 
Total Regional 
Expenditures 

Table 152 

PROPOSED EXPENDITURES BY THE 
METROPOLITAN SEWERAGE DISTRICT I N  

COMPLIANCE WlTH STIPULATIONS MADE WITH 
THE STATES OF WISCONSIN AND ILLINOIS 

( IN CONSTANT 1976 DOLLARS) 

1971 

8.6 
1.0 

11.2 
16.3 
19.8 
11.6 

10.8 

a These estimates were prepared in November 1977 by consultants 
to the Metropolitan Sewerage District, and are based on the 
outcome of the initial trial, the judgment of which was being 
appealed as of March 1978. Thus, these estimates may be subject 
to revision. 

Source: Metropolitan Sewerage District and SEWRPC. 

1972 

9.7 
1.0 
9.5 

18.4 
15.4 
10.0 

10.6 

Year 

1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

Total 

Annual Average 

lion, or 127 percent, increase in water quality expen- 
ditures between 1971 and 1975, as shown in Table 150 
and Figure 47. This sizable increase is largely the result 
of increases in urban land management practices includ- 
ing snow and ice control and highway cleaning. 

The City of Milwaukee 
The City of Milwaukee has shown a general decline in 

1973 

6.3 
1.6 

12.8 
17.9 
27.4 
10.6 

10.8 

Expenditures 
Agreed to with 

State of Wisconsin 
(millions) 

$ 35.2 
40.1 
31.2 
52.5 
60.4 
51.6 
45.6 
40.2 
40.2 
33.2 
33.2 
33.2 
33.2 
33.2 
33.2 
33.2 
22.5 

$651.9 

$ 38.3 per year 

water quality expenditures, as reported through the state 
audit forms, since 1973. This pattern closely matches the 
overall expenditure pattern for the City, since the overall 
expenditures made by the City have also declined since 
1973, as shown in Table 150 and Figure 48. Accordingly, 
the percentage of total expenditures comprised of water 
quality expenditures has remained relatively uniform over 
time, as shown in Table 151. 

Expenditures 
Agreed to with 

State of lllinoisa 
(millions) 

$ 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 
. - 
- - 
- - 
-. 

$1,186.0 

$ 91.2 per year 

Remaining Cities 
The remaining cities in the Region exhibited overall 
growth in water quality expenditure patterns, with only 
1973 showing a decline, as indicated in Table 150 and 
Figure 49. The relative importance of water quality 
expenditures also increased and represented almost 
20 percent of total expenditures by 1975, as shown 
in Table 151. 

1974 

4.1 
2.1 

12.6 
21.6 
11.1 
19.3 

10.3 

Villages 
The villages in the Region show the highest variability in 
their water quality expenditure patterns, ranging from 
a 1973 high level of $15.5 million to  a 1974 low of 
$6.2 million, as shown in Table 150 and Figure 50. This 
variability is attributed largely to  the occurrence of major 
capital projects, since a single large project may account 

1975 

4.1 
1.7 

11.1 
19.7 
23.0 
16.1 

10.3 

Figure 45 

TOTAL REPORTED EXPENDITURES A N D  
REPORTED WATER QUALITY EXPENDITURES BY ALL 

GOVERNMENTAL UNITS I N  THE REGION: 1971-1975 
( IN CONSTANT 1976 DOLLARS) 

1971 1972 1973 1974 1975 

YEAR 

Source: Wisconsin Department of Revenue and SEWRPC. 



Figure 46 Figure 48 

TOTAL REPORTED EXPENDITURES 
BY MILWAUKEE COUNTY FOR WATER 
QUALITY-RELATED ITEMS: 1971-1975 

(IN CONSTANT 1976 DOLLARS) 

1971 1972 1973 1974 1975 

YEAR 

Source: Wisconsin Department of Revenue, Bureau of Municipal Audit; 
Metropolitan Sewerage Commission;and SEWRPC. 

Figure 47 

TOTAL REPORTED EXPENDITURES BY COUNTIES 
(EXCLUDING MILWAUKEE COUNTY) IN THE REGION 

FOR WATER QUALITY-RELATED ITEMS: 1971-1975 
(IN CONSTANT 1976 DOLLARS) 

1971 1972 1973 1974 1975 

YEAR 

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

TOTAL REPORTED EXPENDITURES BY 
MILWAUKEE COUNTY FOR WATER 

QUALITY-RELATED ITEMS: 1971-1975 
(IN CONSTANT 1976 DOLLARS) 

YEAR 

Source: Wisconsin Department of Revenue, Bureau of Municipal Audit; 
Metropolitan Sewerage Commission; and SEWRPC. 

Figure 49 

TOTAL REPORTED EXPENDITURES BY CITIES 
(EXCLUDING MILWAUKEE) IN  THE REGION FOR 

WATER QUALITY-RELATED ITEMS: 1971-1975 
(IN CONSTANT 1976 DOLLARS) 

YEAR 

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



for as much as 30 to  50 percent of the total yearly water 
quality expenditures made by villages. It should be noted 
that 1973 was a year of increased activity in the installa- 
tion of advanced waste treatment for phosphorus removal 
and auxiliary disinfection facilities, while 1974 was a year 
of relatively little sanitary sewerage facility construction 
as state and federal agencies sought to implement the 
changes in construction grants administration following 
the 1972 water pollution control act amendments. 

Towns 
Towns-under which category the town sanitary districts 
also reportshow a sizable increase over time in their 
level of water quality expenditures, as shown in Table 150 
and Figure 51. This increase is due largely to  the increas- 
ing population in towns and their attendant need for 
urban services. 

Sanitary Sewerage Expenditures 
by Local Units of Government 
A review of the uniform audit reports required by the 
Wisconsin Department of Administration, Bureau of 
Municipal Audit, revealed some nonuniformity of report- 
ing, including, in some cases, nonreporting, particularly 
with respect to  capital versus operating and maintenance 
expenditures and debt retirement expenditures, as well 

Figure 50 

TOTAL REPORTED EXPENDITURES 
BY VILLAGES IN THE REGION FOR WATER 

QUALITY-RELATED ITEMS: 1971-1975 
(IN CONSTANT 1976 DOLLARS) 

16 

6 

1971 1972 1973 1974 1975 

YEAR 

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

as a lack of detail regarding specific expenditures. Thus, 
although the audit form data were believed to produce 
a relatively accurate assessment of total water quality- 
related expenditures, they were not considered to  be 
reliable for the purpose of tabulating accurately the 
specific levels of expenditures made over a period of 
years in each of the 93 centralized sanitary sewerage 
systems in the Region. Accordingly, it was determined 
to pursue an alternate means of obtaining more detailed 
as well as more uniform data for 1975 directly from 
the local public officials responsible for management 
of each sanitary sewerage system. The results of the 
inventory conducted for this purpose by the Commission 
are presented in summary form in Table 153. 

Total expenditures during 1975 for operation, mainte- 
nance, and capital improvements, including debt retire- 
ment for all sanitary sewerage systems in the Region, 
approximated $64 million or about $41 per capita in 
1976 dollar amounts, such per capita cost being based 
upon the estimated total population within the Region 
served by sanitary sewers. Of this total, about $19 mil- 
lion, or about $12 per capita, was expended for operation 
and maintenance and about $45 million, or about $29 per 
capita, was expended for capital improvements, including 
debt retirement costs on existing capital structures. Total 
expenditures during 1975 on a per capita basis ranged 
from a low of $10 in the Village of Belgium to a high of 
$905 in the Town of Pleasant Prairie Sanitary District, 
which is a recently constructed system with a relatively 
low initial population served. 

Figure 51 

TOTAL REPORTED EXPENDITURES 
BY TOWNS IN THE REGION FOR WATER 

QUALITY-RELATED ITEMS: 1971-1975 
(IN CONSTANT 1976 DOLLARS) 

3.6 

20 
1971 1972 1973 1974 1975 

YEAR 

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



Table 153 

ESTIMATED SANITARY SEWERAGE EXPENDITURES I N  THE REGION 
BY PUBLIC SANITARY SEWERAGE SYSTEM: 1975 

(IN CONSTANT 1976 DOLLARS) 

Public Sanitary Sewerage System 

Milwaukee Metropolitan Subregional ~ r e a ~  
City of Brookfield . . . . . . . . . . . . . .  
City of Cudahy . . . . . . . . . . . . . . . .  
City of Franklin . . . . . . . . . . . . . . .  
City of Glendale . . . . . . . . . . . . . . .  
City of Greenfield . . . . . . . . . . . . . .  
City of Mequon . . . . . . . . . . . . . . .  
City o f  Milwaukee . . . . . . . . . . . . . .  
City of Muskego . . . . . . . . . . . . . . .  
City of New Berlin . . . . . . . . . . . . . .  
City of Oak Creek . . . . . . . . . . . . . .  
City of South Milwaukee . . . . . . . . . .  
City of St . Francis . . . . . . . . . . . . . .  
City of Wauwatosa . . . . . . . . . . . . . .  
City of West Allis . . . . . . . . . . . . . .  

Village o f  Bayside . . . . . . . . . . . . . .  
Village of Brown Deer . . . . . . . . . . . .  
Village of Butler . . . . . . . . . . . . . . .  
Village of Elm Grove . . . . . . . . . . . .  
Village of Fox Point . . . . . . . . . . . . .  
Village o f  Germantown . . . . . . . . . . .  
Village of Greendale . . . . . . . . . . . . .  
Village of Hales Corners . . . . . . . . . . .  
Village of Menomonee Falls . . . . . . . .  
Village of River Hills . . . . . . . . . . . . .  
Village of Shorewood . . . . . . . . . . . .  
Village of Thiensville . . . . . . . . . . . .  
Village of West Milwaukee . . . . . . . . .  
Village of Whitefish Bay . . . . . . . . . . .  

Caddy Vista Sanitary District . . . . . . . .  
Rawson Homes Sewer and Water Trust . . 

Subregional Area subtotalb 

Upper Milwaukee River Subregional Area 
City of Cedarburg . . . . . . . . . . . . . .  
City of West Bend . . . . . . . . . . . . . .  

Village of Fredonia . . . . . . . . . . . . .  
Village of Grafton . . . . . . . . . . . . . .  
Village of Jackson . . . . . . . . . . . . . .  
Village o f  Kewaskum . . . . . . . . . . . .  
Village of Newburg . . . . . . . . . . . . .  
Village of Saukville . . . . . . . . . . . . .  

Subregional Area subtotalb 

Sauk Creek Subregional Araa 
City of Port Washington . . . . . . . . . . .  

. . . . . . . . . . . . . .  Village of Belgium 

Subregional Area subtotalb 

Kenorha-Racine Subregional Area 
City of Kenosha . . . . . . . . . . . . . . .  
City of Racine . . . . . . . . . . . . . . . .  

. . . . . . . . . .  Village of Elmwood Park 
. . . . . . . . . . . . .  Village of North Bay 

Village of Sturtevant . . . . . . . . . . . . .  

Town of  Caledonia 
Sewer Uti l i ty District . . . . . . . . . . .  

Town of  M t  . Pleasant . . . . . . . . . . . .  
Town of  Pleasant Prairie- 

Sewer Uti l i ty District 1 
Sewer Uti l i ty District 2 
Sewer Uti l i ty District A 
Sewer Uti l i ty District 8 
Sewer Uti l i ty District C 
Sewer Uti l i ty District E 

Town of Somers Sanitary District 1 . . . .  
. . . . .  Town of  Somers Uti l i ty District 1 

. . . . . . . . .  Crestview Sanitary District 
. . . . .  North Park Sewer Uti l i ty District 

. . . . . . .  Pleasant Park Uti l i ty Company 

Subregional Area ~ u b t o t e l ~  

Estimated 
Population 

Sewed 

16.300 
21. 700 

8. 800 
13. 500 
29. 900 
9. 500 

670. 100 
10. 200 
13. 600 
14. 400 
23. 400 
9. 900 

55.700 
69.000 

4. 400 
13. 600 
2. 100 
7. 000 
7. 900 
4. 600 

16. 800 
8. 800 

20. 400 
1. 500 

14. 300 
4. 200 
3. 800 

16. 200 

1.000 
6M) 

1.093. 200 

10. 400 
21. 000 

1. 500 
8.800 
2.000 
2.000 

600 
2.300 

48.600 

9. 500 
900 

10.400 

83. 400 
96. 700 

400 
1.300 
4. 400 

4.300 
13. 800 
4. 600 

1.500 
700 

2.500 
6. 800 

800 

221. 200 

Code 
Number on 
Figure 52 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 

N /A  
20 
21 
22 
23 
24 
25 
26 
27 

28 
29 

30 
31 

32 
33 
34 
35 
36 
37 

38 
39 

40 
41 

42 
43 
44 

45 
46 
47 

52 
53 
53a 
54 
55 

Operation 
Maintenance 

Dollars 

257. 459 
355. 215 
50.743 

198. 077 
223. 503 
158.423 

9.201. 264 
101. 983 
138. 628 
502. 323 
336. 546 
98. 354 

499.044 
687. 558 

44. 132 
112. 504 
29. 344 
93.103 
72. 820 
N /A  

152. 149 
60. 444 
N /A 

30. 949 
130.475 
73. 193 

281. 364 
105. 425 

15. 798 
N l A  

14.01 0. 820 

164. 468 
212. 857 

17. 097 
186. 482 

9.714 
90. 314 
14.186 
55. 324 

750.442 

141. 552 
5.1 02 

146.654 

795. 974 
973. 541 

N /A 
8. 329 

107. 820 

62.717 
105. 748 
18. 483 

34. 358 
14. 882 
N/A 
N /A 
N /A 

2.121. 852 

and 

Dollars 
per Capita 

16 
16 
6 

15 
7 

17 
14 
10 
11 
35 
15 
10 
9 

10 

10 
8 

14 
13 
9 

N/A 9 

7 
N /A 

21 
9 

16 
74 
7 

16 
N I A  

13 

16 
10 

11 
21 
5 

45 
24 
24 

15 

15 
6 

14 

10 
10 

N/A 
8 

25 

15 
9 
4 

21 
21 

N /A 
N /A 
N /A 

10 

Sanitary Sewerage Expenditures 

Total 

Dollars 

1.228. 616 
745. 408 

2.019. 729 
809.91 6 

1.367. 992 
1.645.574 

24.311. 710 
272. 063 
952. 301 

1.159. 435 
367. 931 
216.081 

1.835. 184 
2.710.400 

162. 688 
341. 434 
81.61 1 

251. 156 
256.950 

N /A  
591. 684 
328. 982 

N /A 
242. 418 
366.653 
84. 833 

628. 977 
406. 992 

22. 389 
N/A 

43.409.107 

323. 422 
477.305 

26. 664 
226. 169 
38.1 51 

109. 194 
24. 566 
79.274 

1.306. 224 

264.241 
8.291 

272. 532 

1.819.643 
10.753.450 

N /A 
13. 007 

147.779 

214. 301 
378. 786 

70. 838 

86. 090 
18. 782 
N /A 
N /A 
N /A 

13.431. 848 

Capital 
Including 

Retirement 

Dollars 

971. 157 
390. 193 

1.968. 986 
61 1. 839 

1.144. 489 
1.487. 151 

15.110. 446 
170. 080 
813. 673 
657.1 12 
31. 385 

11 7. 727 
1.336. 140 
2.022. 842 

1 18. 556 
228. 930 
52. 267 

158. 053 
184. 130 

N /A  
439. 535 
268. 538 

N /A  
211. 469 
236.1 78 

11.640 
347. 613 
301. 567 

6. 591 
N IA  

29.398. 287 

158.954 
264. 448 

9. 567 
39. 687 
28.437 
18. 880 
10. 380 
23. 950 

555. 782 

122. 689 
3. 189 

125. 878 

1.023.669 
9.779. 919 

N /A 
4.678 

39. 959 

151. 584 
273. 038 
52. 355 

51. 782 
3. 900 
N /A 
N /A 
N I A  

11.328. 479 

Dollars 
per Capita 

76 
34 

230 
60 
45 

174 
37 
27 
71 
81 
16 
22 
33 
39 

37 
25 
39 
36 
32 

N/A 
35 
38 

N /A 
162 
26 
19 

165 
26 

23 
N /A 

40 

3 1 
23 

17 
26 
19 
54 
41 
34 

26 

28 
10 

26 

22 
111 

N /A  
13 
34 

52 
32 
15 

53 
27 

N /A 
N /A 
N /A 

65 

Improvements 
Debt 

Dollars 
per Capita 

60 
18 

224 
45 
38 

157 
23 
17 
60 
46 

1 
12 
24 
29 

27 
17 
25 
23 
23 

N / A  
26 
31 

N /A 
141 
17 
3 

91 
19 

7 
N IA  

27 

15 
13 

6 
5 

14 
9 

17 
10 

11 

13 
4 

12 

12 
101 

N IA  
5 
9 

37 
23 
11 

32 
6 

N /A 
N /A 
N IA  

55 



Table 153 (continued) 

NOTE: N/A indicates data n o t  available 

Public Sanitary Sewerage System 

Root River Canal Subregional Area 
Village o f  Union Grove . . . . . . . . . . . 

Subregional Area Subtotalb 

Des Plaines River Subregional Area 
Village of Paddock Lake . . . . . . . . . . 

Town of  Bristol Uti l i ty District 1 . . . . . 
Town of Pleasant Prairie 

Sanitary District No. 73-1 . . . . . . . . . 
Pleasant Prairie Uti l i ty District D . . . . . 
Town of Salem 

Sewer Uti l i ty District No. 1 . . . . . . . . 
Subregional Area Subtotal 

Upper Fox River Subregional Area 
City of Brookfield . . . . . . . . . . . . . . 
City of Waukesha . . . . . . . . . . . . . . 

Village of Pewaukee . . . . . . . . . . . . . 
Village of Sussax . . . . . . . . . . . . . . . 

Subregional Area Subtotalb 

Lower Fox River Subregional Area 
City of Burlington . . . . . . . . . . . . . . 
City of Lake Geneva. . . . . . . . . . . . . 

Village of East Troy . . . . . . . . . . . . . 
Village of Genoa City . . . . . . . . . . . . 
Village of Mukwonago. . . . . . . . . . . . 
Village of ~ochester '  . . . . . . . . . . . . 
Village of Silver Lake . . . . . . . . . . . . 
Village of Twin Lakes. . . . . . . . . . . . 
Village of Waterford. . . . . . . . . . . . . 

Town of ~ochester'. . . . . . . . . . . . . 
Brown's Lake Sanitary District. . . . . . . 

Subregional Area Subtotala 

a The expenditures noted for each o f  the communities included i n  the Metropolitan Sewerage District o f  the County o f  Milwaukee, which includes a l l  municipalities 
in Milwaukee County except the City o f  South Milwaukee, include expenditures for the Milwaukee-metropolitan sanitary sewerage system apportioned back t o  
the municipalities i n  the District. Capital improvement costs for  the metropolitan system were prorated back t o  the communities based upon equalized assessed 
valuation. Operation and maintenance costs for the metropolitan system were prorated back to the communities based upon sewage flow. 

blncalcu13tin9 the Per capita costs on a subregional and regional basis, only that aggregate population i n  those communities providing expenditure data was included. 

Estimated 
Population 

Served 

3,200 

3,200 

1,900 

800 

100 
1,000 

1.000 

4,800 

16,200 
51,300 

4,800 
4,000 

76,300 

8,900 
5,700 

2.200 
1,100 
3,400 

800 
1,300 
3,400 
2.300 

300 
1,900 

33,600 

Includes expenditures related t o  operation, maintenance, and capital improvements for the Western Racine County Sewerage District. 

Source: SEWRPC. 

40.763 

Allenton Sanitary D~str ict.  . . . . . . . . . N IA  

Code 
Number on 
Figure 52 

57 

58 

59 

60 
61 

62 

63 
64 

65 
66 

67 
68 

69 
70 
71 

72 
73 

74 
75 

31 

Subregional Area Subtotalb 

Middle Rock River Subreg~onal Area 
City of Oconomowoc . . . . . . . . . . . . 

Village of Dousman . . . . . . . . . . . . . 
Village of Hartland. . . . . . . . . . . . . . 

Subregional Area Subtotalb 

Lower Rock River Subregional Area 
City of Delavan. . . . . . . . . . . . . . . . 
City of Elkhorn . . . . . . . . . . . . . . . 
City of Whitewater. . . . . . . . . . . . . . 

Village of Darien . . . . . . . . . . . . . . . 

N /A 

40 

16 

31 
14 

16 

33 
64 
35 

N /A 
N /A 

26 
N /A 
N I A  

Subregional Area Subtotalb 28.800 332.61 0 15 564.1 12 25 896.722 40 

Regional ~ o t a l ~  1,549,000 19,073,220 12 44,767.029 29 63,827,766 41 

Total 

Dollars 

70.588 

70,588 

1 14,801 

21.727 

90,576 
54,800 

N /A  

261,904 

1,188,221 
828.699 

220,830 
56,074 

2,293,824 

N I A  
396,829 

63,472 
25,872 
39,462 

104.261 
328,565 

158,608 
11 6,285 

1,233,354 -- 

Operation 
Maintenance 

Dollars 

48,931 

48,931 

63.028 

7,536 

20,019 
18.505 

N IA  

109,088 

255,864 
413.720 

68,029 
46,631 

784,244 

N IA  
74,049 

63,472 
18.435 
34,083 

32,275 
73,845 

45,047 
37,322 

378,528 

78 

79 

80 
81 

82 
83 
84 

85 
86 
87 
88 

9,700 

11,100 

1.000 
4,400 

16,500 

5,800 
4,400 

11,000 

1,000 

Dollars 
per Capita 

22 

22 

60 

27 

905 
55 

N /A 

74 

74 
16 

46 
14 

30 

N /A  
70 

29 
24 
12 

80 
97 

61 
62 

58 

318.761 

Sanitary Sewerage Expenditures 

Capital Improvements 
and 

Dollars 
per Capita 

15 

15 

33 

9 

200 
19 

N /A 

29 

16 
8 

14 
12 

10 

N/A 
13 

29 
17 
10 

25 
22 

17 
20 

18 

89 

42 

Including 
Retirement 

Dollars 

21,657 

21,657 

51,773 

14,191 

70,557 
36,295 

N IA  

172.816 

932,357 
414.979 

152,801 
9,443 

1,509,580 

N I A  
322.780 

0 
7,437 
5,379 

71,986 
254.720 

113,561 
78.963 

854,826 

1 

224.421 

95,114 

16,064 
54.452 

165,630 

70,156 
60,394 

179.454 

N IA  

Debt 

Dollars 
per Capita 

7 

7 

27 

18 

705 
36 

N /A  

45 

58 
8 

32 
2 

20 

N I A  
57 

0 
7 
2 

55 
75 

44 
42 

40 

25 

9 

16 
12 

10 

12 
14 
16 

N /A 

135.1 03 

76.867 

15,030 
7,612 

100,509 

120.459 
219,423 
209,540 

N I A  

15 

7 

15 
2 

6 

21 
50 
19 

N I A  

359,524 

171,981 

31,094 
62.064 

266,139 

190,615 
279.81 7 
388,994 

N I A  



Capital expenditures during 1975 on a per capita basis 
ranged from a low of $1.26 in the City of South Mil- 
waukee to a high in the Town of Pleasant Prairie Sanitary 
District No. 73-1 of $705. Operation and maintenance 
expenditures during 1975 ranged from a low of $4 per 
capita in the Town of Pleasant Prairie Sewer Utility Dis- 
tricts 1 and 2 and A, B, C, and E to a high of $200 per 
capita in the Town of Pleasant Prairie Sanitary District 
NO. 73-1. 

In any comparison of the reported data, it must be 
realized that the data may reflect differing levels of 
service provided, particularly with respect to  the level 
of treatment. It also should be recognized that those 
communities currently undergoing rapid development 
or redevelopment may be experiencing disproportion- 
ately high expenditures for capital improvements. For 
example, the very high per capita improvement costs 
noted in 1975 in the Cities of Franklin and Mequon 
include capital expenditures during calendar year 1975 
for major sewerage construction projects. Similarly, it 
should be noted that the distribution of land uses within 
communities will affect per capita costs. For example, 
there is a relatively high per capita operation and mainte- 
nance cost for the Village of West Milwaukee. This is to 
be expected since the Village experiences high sewage 
flows due to the large amount of industrial and com- 
mercial land use development within the community, 
but has a relatively low resident population. 

Table 154 presents the 1975 budgeted operations and 
capital expenditures apportioned to the local units of 
government served by the Metropolitan Sewerage Dis- 
trict. These expenditures reflect apportioned county 
tax levies for those governmental units within Milwaukee 
County and contract payments for those units outside 
of the County. 

While the data presented in Table 153 relate only to one 
year and, therefore, with respect to data for any given 
individual sanitary sewerage system are subject to qualifi- 
cation in any comparisons of sewerage costs between 
communities, it is reasonable to assume that because the 
data include both average and extreme local situations, 
the county and regional averages represent valid per 
capita costs for a typical year. This would be particularly 
true with respect to the operation and maintenance costs. 
As noted above, the average per capita cost for operation 
and maintenance of sanitary sewerage systems during 
1975 was $12. On a subregional basis such per capita 
costs ranged from $10 in the Middle Rock River sub- 
regional area to  $29 in the Des Plaines River subregional 
area. The per capita operation and maintenance costs for 
each reporting system in the Region during 1975 (in 
1976 dollars) are depicted in Figure 52. From this figure 
it may be concluded that, in general, per capita operation 
and maintenance costs for sanitary sewerage systems 
decrease with increasing system size. 

The foregoing per capita costs developed for the Region 
as a whole may be compared with the national average 
per capita costs developed for the U. S. Environmental 
Protection Agency (EPA). In a report published by the 
EPA, the 1968 average annual per capita cost for opera- 

tion and maintenance of centralized sanitary sewerage 
systems was estimated in 1976 dollars at $7.30. Given the 
precision with which the data were collected at the 
national and regional level, this figure is comparable to  
the regional average of $9.10 per capita for operation 
and maintenance of centralized sanitary sewerage systems 
for the year 1970. Similarly, the regional average of 
$32.60 per capita for capital improvements during 1970 
may be compared with a national average of about 
$25 per capita for the year 1968 when expressed in 
1976 dollars. 

Table 154 

OPERATING EXPENDITURES APPORTIONED 
WITHIN THE AREA SERVED BY THE 

METROPOLITAN SEWERAGE DISTRICT: 1975 
(IN CONSTANT 1976 DOLLARS) 

Unit of Government 

. . . . . . . . . . . . .  City of   rook field^. 
City of Cudahy . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  City of Franklin. 
City of Glendale. . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . .  City of Greenfield. 
City of ~ e q u o n ~  . . . . . . . . . . . . . . .  
City of Milwaukee . . . . . . . . . . . . . .  
City of ~ u s k e ~ o ~  . . . . . . . . . . . . . . .  
City of New ~ e r l i n ~  

(including population of 1,100 
. . . . . . .  in Regal Manors Subdivision) 

City of Oak Creek. . . . . . . . . . . . . . .  
. . . . . . . . . .  City of South Milwaukee. 

City of St. Francis . . . . . . . . . . . . . .  
City of Wauwatosa . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  City of West Allis 

Local Share of 
Operating Budget 

of the Metropolitan 
Sewerage District 
Funded through 

County Tax Levy 
and Contract Payments 

Village of Bayside. . . . . . . . . . . . . . .  
. . . . . . . . . . . .  Village of Brown Deer 

Village of ~ u t l e r ~  . . . . . . . . . . . . . . .  
. . . . . . . . . . . .  Village of Elm b rove^ 

. . . . . . . . . . . . .  Village of Fox Point 
. . . . . . . . . . .  Village of ~ e r m a n t o w n ~  

. . . . . . . . . . . . .  Village of Greendale 
. . . . . . . . . . .  Village of Hales Corners 

. . . . . . . .  Village of Menomonee ~ a l l s ~  
Village of River Hills . . . . . . . . . . . . .  
Village of Shorewood. . . . . . . . . . . . .  

. . . . . . . . . . . .  Village of ~hiensvi l le~ 
. . . . . . . . .  Village of West Milwaukee. 

. . . . . . . . . . .  Village of Whitefish Bay 

Village Total 

. . . . . . . .  Caddy Vista Sanitary District 
. .  Rawson Homes Sewer and Water Trust. 

1 I City Total I $7,660.665 

Area Total $8,383,762 

a Communities that have contractual agreements with the Metropolitan 
Sewerage District. These contract payments are applied to operating 
expenditures as well as to capital expenditures made within the District. 

Source: Metropolitan Sewerage District and SEWRPC. 



Figure 52 

RELATIONSHIP OF PER CAPITA OPERATION AND MAINTENANCE COSTS OF 
SANITARY SEWAGE TREATMENT TO POPULATION SERVED: 1970 AND 1975 

(IN CONSTANT 1976 DOLLARS) 

POPULATION SERVED 
(1975 ESTIMATE) 

NOTE: ONLY 1975 DATA POINTS A R E  PLOTTED 
Source: SEWRPC. 

Comparable regional data relating t o  sanitary sewerage 
system expenditures for the year 1970--the data base 
year for the regional sanitary sewerage system plan- 
are presented in Table 155. The table indicates that 
the regional average annual cost for operation, main- 
tenance, and capital improvements decreased from 
$41.70 per capita in 1970 to $41.20 per capita in 1975 
when expressed in constant 1976 dollars, representing 
a decrease of about 1.2 percent over the five-year period. 
The annual costs expended for operation and main- 

and maintenance can be attributed to the large increase 
in the number of people served hy treatment plants 
providing advanced waste treatment for phosphorus 
removal-from less than one million people in 1970 to 
nearly 1.5 million in 1975. Chemical treatment utilized 
for conventional methods of phosphorus removal can be 
expected to cost about $40 per million gallons, or about 
$3 per capital per year at a per capita contribution of 
210 gallons per day. 

trnance increased froln 89.10 per~capi ta  in 1970 to Expendtures for Urban Land hlanagement Practices 
$12.30 ~ e r  c a ~ i t a  m 1975. re~resentine an increase of 'l'he local ex~enditures included in the category "urban - ~ 

35 while the annual'expendit~reca~ital improve- land management practices" and as reported in the 
ments decreased from $32.60 per capita in 1970 to available data support the provision of urban land man- 
$28.90 per capita in 1975, representing a decrease of over agement practices which affect nonpoint sources of 
11 percent. The increase in expenditures for operation pollution and whichas  line items in local budgets--will 
and maintenance can be expected due to the increased be the expenditure categories to which future urban 
capacity and higher levels of treatment required. In nonpoint source control expenditures must be added. 
particular, the high percentage increase in operation These land management activities include refuse collec- 



Table 155 

ESTIMATED SANITARY SEWERAGE SYSTEM EXPENDITURES I N  THE REGION: 1970 AND 1975 
( IN CONSTANT 1976 DOLLARS) 

Source: SEWRPC. 

Year 

1970 
1975 

Percent Increase 
1970-1 975 

tion and disposal, street sweeping, leaf and rubbish pickup 
and disposal, storm sewer cleaning and maintenance, snow 
removal, sanding and salting, and local water quality 
sampling and enforcement programs. Not included in the 
listing of water quality-related urban land management 
expenditures are such items as park maintenance and 
operation, outdoor and water recreation expenditures, 
and other park and recreation expenditures related to 
open space. Recent estimates of total expenditures made 
by local units of government for park and outdoor recrea- 
tional activities in the Region approximated $42 million 
in 1974 when expressed in 1976 dollars. Both water 
quality-related urban land management expenditures 
estimates and sanitary sewerage system expenditure 
estimates for 1975 are presented in Table 156. It should 
be stressed that the Commission quantified by means of 
a special-purpose inventory the subset of expenditures for 
the more readily definable and more precisely identifiable 
category of sanitary sewerage system expenditures. 

The detail presented by the survey of local government 
units which operate sanitary sewerage systems does allow 
an estimate to  be made of the relative importance of 
sanitary sewerage costs to  total water quality expen- 
ditures for 1975. By subtracting the debt retirement 
costs from the Commission survey results, and by sub- 
tracting the sanitary sewerage expenditures from the 
total reported water quality expenditures for 1975, 
expenditures by local units of government for other 
water quality-related items can be estimated. These then, 
are the estimated expenditures for urban land manage- 
ment practices. 

Estimated 
Population 

Sewed 

1,488,700 
1,549,000 

4 

Thus, the majority of the water quality-related expendi- 
tures in the Region-54 percent--are for land management 
practices. It should be noted that these costs may include 
activities which contribute rather than reduce pollutants 
to  the lakes and streams. Examples include snow and 
ice removal and dumping along river banks and sanding 
and salting of streets. This qualification also applies to 
a limited degree to sanitary sewerage expenditures, which 

support the cost of constructing flow relief devices. Such 
devices protect homes against the health hazards of sewer 
surcharging but result in raw sewage discharges to streams 
and lakes. Villages and towns spend the largest percentage 
of their water quality-related expenditures on land man- 
agement practices-79 percent and 67 percent, respec- 
tively. Counties, except for Milwaukee County, report no 
sanitary sewerage expenditures, leaving the provision of 
these services to  the individual municipalities within 
the counties. 

Sanitary Sewerage Expenditures 

PRIVATE DISBURSEMENTS 

While the public sector does provide a large portion of 
expenditures for water quality management-related items, 
the private sector also expends funds in this regard. 
Specifically, the agricultural sector expends significant 
amounts for soil and water conservation practices-inclu- 
sive of vegetative cover, water retention, flow control, 

Total 
Operation and 
Maintenance 

and crop production practices, and animal waste manage- 
ment facilities. A part of these efforts are supported with 

Dollars 

62,104,054 
63,892,604 

2.9 

Dollars 

13,542,897 
19,073,220 

40.8 

Capital Improvements 
Including Debt Retirement 

public financial and technical assistance through the 
U. S. Department of Agriculture (USDA). 

Dollars 

Per 
Capita 

41.70 
41.20 

- 1.2 

Dollars 

per 
Capita 

9.10 
12.30 

35.2 

Dollars 

48,561 , I  56 
44.81 9,384 

- 7.7 

Data concerning federal costsharing in the Region for 
soil and water conservation by the agricultural sector 
were obtained from records of the Soil Conservation Ser- 
vice (SCS) and the Agricultural Stabilization and Conser- 
vation Service (ASCS) of the U. S. Department of Agri- 
culture, and are based on practices carried out during 
calendar year 1975. These expenditures have been 
adjusted to constant 1976 dollars to  aid interpretation 
and are shown in Table 157. The total value of the 
soil and water conservation practices undertaken with 
technical or financial assistance from the USDA in 
the Region from 1965 through 1975 is estimated at 
$12.5 million in constant 1976 dollars as shown in 
Table 158. This represents an annual average expendi- 
ture of $1.14 million. The federal share of soil and 
water conservation practice expenditures in the Region 
in 1975 was $188,000, or approximately 40 percent of 

Dollars 

per 
Capita 

32.60 
28.90 

- 11.4 



Table 156 

TOTAL ESTIMATED WATER QUALITY 
MANAGEMENT EXPENDITURES BY UNIT OF 

GOVERNMENT IN THE REGION: 1975 

a Does not include debt retirement expenditures. 

Unit of 
Government 

. .  Milwaukee County. 
Other Counties. . . . .  

. .  City of Milwaukee. 
Other Cities . . . . . . .  
Villages . . . . . . . . . .  

. . . . . . . . . .  Towns. 

Total 

should be noted that this figure could increase to as high as 
400 percent of the 1975 estimated expenditure in complying 
with the judgment order issued on July 29, 1977, in the initial 
trial of the State of Illinois v. The Sewerage Commission of the 
Citv of Milwaukee and the Metro~olitan Seweraae Commission 
of the County of Milwaukee. 

In Millions of 1976 Dollars 

Source: SEWRPC. 

Urban Land 
Management 
Expenditures 

$ 1.1 
2.5 

14.8 
31.3 
10.3 
2.2 

$62.2 

Table 157 

Sanitary 
Sewerage 

~xpenditures~ 

$ 1 5 . 0 ~  
0.0 

13.9 
21.3 
2.7 
1.1 

$54.0 

FEDERAL FUNDING OF FARM CONSERVATION 
PRACTICES AND PROPORTION OF FARMS 

BY COUNTY IN THE REGION: 1975 

alncludes Agricultural Stabilization and Conservation Service 
long-term agreements (L TA) requiring conservation practices, 
as well as Agricultural Conservation Program (ACP) payments. 
Does not include Cropland Adjustment Programs (CAP) pay- 
men ts reflected in Table 159. 

County 

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

Total 

Source: U. S. Department of Agriculture and SEWRPC. 

the total 1975 agricultural conservation expenditures 
shown in Table 159. Although the federal share of 
individual projects over the period ranged between 50 and 
75 percent, the 1975 federal assistance is a relatively 

Percent 
of Total 
Farms in 
Region 

10.5 
2.0 

11.0 
12.5 
22.1 
22.8 
19.1 

100.0 

(In constant 1976 dollars) 

smaller share of the total because the 1975 expenditures 
were lower than the average for the decade, and because 
the purchasing power of the federal allocations to the 
counties of the Region was eroded by inflation. While it 
is not possible to compare the total replacement costs 
presented in Table 158 with the expenditures reported 
by the Agricultural Stabilization and Conservation Ser- 
vice in Table 159, the grants awarded by the ASCS 
normally cover 50 to 90 percent of the estimated costs 
of conservation practices. The amount of reported 
expenditures by the ASCS has consistently declined 
since 1967, with the 1975 expenditure level representing 
only 36 percent of the 1967 level, as shown in Figure 53. 
This decline may be due to the decrease in the number of 
farms in the Region as well as to  reduced funding by the 
U. S. Department of Agriculture. Table 158 shows that 
Ozaukee and Washington Counties received more than 
50 percent of all monies spent on soil and water conser- 
vation practices in the Region between 1965 and 1975, 
whereas the federal cost-sharing funds applied are spread 

Funds 
Expended 

$ 30,745 
2,004 

22.1 94 
35,47 1 
32,882 
29,926 
35,237 

$1 88,459 

relatively uniformly throughout the rural areas of the 
Region, with the obvious exception being Milwaukee 

Percent 
of Total 
Funds 

Expended 

16.3 
1.1 

11.8 
18.8 
17.4 
15.9 
18.7 

100.0 

County, which received only 2 percent of the funds in 
1975, as shown in Table 157. 

One measure of the ability of the Region to fund future 
soil and water conservation practices is net farm income. 
Table 160 sets forth the estimated net fann income per 
capita, per fann, and per acre for farms in the Region in 
1975. The net income per farm of $12, 674 exceeds the 
state average of $8,500 by 49 percent, with the highest 
income reported for Milwaukee and Racine Counties- 
both of which have a high proportion of sales in high- 
value products. Thus, the annual average expenditure 
for soil and water conservation practices has histori- 
cally amounted to  about 2 percent of the current farm 
net income. 

Other portions of the private sector, specifically industrial 
and commercial establishments of the Region, also 
probably expend considerable sums on water quality 
control-related practices. Frequently, the related costs 
are considered part of the indirect production costs of 
an industry, and are accordingly held in relative con- 
fidence. Therefore, in lieu of a detailed local inventory, 
an analysis of data prepared by the U. S. Bureau of 
Census was conducted, and adjusted for regional con- 
ditions. As noted in Table 161, the estimated total 
expenditure for water pollution control by industry in 
1975, adjusted to  1976 dollars, was more than $32 mil- 
lion, or only about 0.5 percent of the value added by 
manufacturing in the Region. This total also represents 
about 27 percent of the water quality-related expendi- 
tures made by local governments, while the water pollu- 
tion abatement capital expenditures represent only 
4 percent of the $400 million total industry capital 
expenditure in the Region for 1975. However, this 



Table 158 

ESTIMATED REPLACEMENT COSTS OF SOIL AND WATER CONSERVATION 
PRACTICES CARRIED OUT I N  THE REGION BY COUNTY: 1965-1975 

(IN CONSTANT 1976 DOLLARS) 

Source: U. S. Department  o f  Agriculture and  SEWRPC.  

Table 159 

County 
Total 

$ 1,311.8 
94.2 

3,835.9 
894.3 

1,778.4 
2,724.4 
1,960.7 

$1 2,599.7 

County 

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

Total 

REPORTED EXPENDITURES FOR AGRICULTURAL CONSERVATION PRACTICES I N  THE REGION 
BY THE AGRICULTURAL STABILIZATION AND CONSERVATION SERVICE: 1967-1975~ 

(IN CONSTANT 1976 DOLLARS) 

Practice Category 
(thousands) 

a Includes Agricultural Stabilization and Conservation Service long-term agreements (L TA)  requiring conservation practices, Agricultural Conservation Program 
(ACP) payments to undertake soil and water conservation practices, and Cropland Adjustment Program (CAP) lands payments for land removed from production 
and therefore subject to reduced soil losses. 

Source: SEWRPC. 

Animal 
Waste 

Facilities 

$ 48.0 
0.0 
0.0 
48.0 
48.0 
48.0 
96.0 

$288.0 

County 

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

Total 

amount is only a generalized estimate, since Census 
Bureau disclosure laws and the inherent variance of the 
sample data may cause the number to be underestimated. 

Crop 
Protective 
Practices 

$ 613.9 
12.9 
566.0 
299.4 
692.4 
628.8 
255.1 

$3,068.5 

Vegetative 
Cover 

Practices 

$ 79.3 
11.7 

2,455.2 
85.6 
93.8 
262.9 
360.3 

$3,348.8 

Total 

$ 606.1 11 
230,897 
401,030 

1,417,177 
1,135,543 

729.485 
3,289,186 

$7,809,429 

The Region thus received 34 percent of the estimated 
$93.4 million water pollution abatement expenditures 
made by industry in the State during 1975. This amount 
expended within the Region is consistent when compared 
to the relative importance of the Region to the State in 
terms of overall employment; however, the bulk of water 
pollution expenditures within the State was made by the 
pulp and paper industry, an industry having relatively low 
employment in the Region. 

Percent 
of Total 

7.8 
3.0 
5.1 

10.1 
14.5 
9.3 

42.2 

100.0 

Year 

PUBLIC REVENUE SOURCES 

Water 
Retention 
Practices 

$ 260.0 
52.0 
396.6 
1 16.7 
373.9 
753.5 
784.0 

$2,736.7 

The monies raised each year by local governments come 
from five primary sources: tax revenues, including both 
returned state and local property taxes; borrowing 
revenues; state and federal grants-in-aid; the State of 
Wisconsin Outdoor Resources Action Plan (ORAP) 
program; and general revenues, including receipts from 
public industries. 

Flow 
Control 
Practices 

$ 310.6 
17.6 
418.1 
344.6 
570.3 

1,031.2 
465.3 

$3,157.7 

1975 

$ 49.086 
15,217 
33,987 
81,157 
57,999 
45,035 

185,324 

$467,805 

Tax Revenues 

1974 

$ 38,036 
15,787 
24,903 
76,067 
60,787 
43,595 

227,620 

$486,795 

The property tax levy has consistently been the largest 
source of revenue for local governments in the Region, 

1967 

$ 104,869 
35,429 
73,829 

234,488 
182,523 
121.334 
535,632 

$1,288,104 

1971 

$ 65,884 
27,948 
63,206 

148,055 
152,204 
106,361 
345,285 

$908,943 

1968 

$ 86,808 
32,758 
61,450 

221,460 
179,886 
119,459 
524,233 

$1,226,054 

1972 

$ 63.21 1 
25,534 
43,414 

122,642 
97,921 
65,927 

329,745 

$748,394 

1973 

$ 31,890 
19,082 
21,389 

110,542 
58,643 
28,795 

238,119 

$508,460 

1969 

$ 84,793 
31,239 
21,051 

207,283 
170,947 
101,159 
478,207 

$1,094,679 

1970 

$ 81,534 
27,903 
57,801 

215,483 
174,633 
97,820 

425,021 

$1,080,195 



Figure 53 

REPORTED EXPENDITURES FOR AGRICULTURAL 
CONSERVATION PRACTICES I N  THE REGION 

BY THE AGRICULTURAL STABILIZATION 
CONSERVATION SERVICE: 1967-1975 

( IN CONSTANT 1976 DOLLARS) 
1,400 

400 

1967 1969 1971 1973 1975 

YEAR 

Source: U. S. Department of Agriculture and SEWRPC. 

comprising more than 26 percent of the 1975 govern- 
mental revenues. Monies needed for the operation of 
local governments that are not received from other 
sources are principally supplied by the property tax levy. 
As such, the property tax is a residual source of govern- 
ment revenue, and may be expected to vary significantly 
by year and type of government as total local government 
revenues and expenditures change. Overall, the present 
tax levies for all general-purpose government types are 
at or below the tax levy ceilings imposed on each unit 
by the Wisconsin legislature. Table 162 reflects the fiscal 
position of the counties in this respect. These levy limits 
allow property taxes for a unit of government to  increase 
by the statewide percentage increase of equalized prop- 
erty valuation; however, levies for debt service and 
pollution abatement orders are not subject to  these 
constraints. The availability of future governmental 
revenues from property tax levies remains strong as 
long as the value of property in the Region continues 
to increase. 

The full, or equalized, value of all taxable real and 
personal property in the Region expressed in 1976 
dollars has increased from more than $21.3 billion in 
1971 to  about $25.2 billion in 1975, a real increase of 
$4 billion, or 18 percent, as shown in Table 163. How- 
ever, this rate of increase has not been equally distributed 
among the seven counties. The largest relative increases 
in the full value of property occurred in Waukesha, 
Ozaukee, and Washington Counties, which are experi- 
encing rapid urbanization, while the equalized values 
within the urban counties of Kenosha, Milwaukee, and 
Racine are increasing at lower rates. 

Table 160 

ESTIMATED CASH RECEIPTS AND NET  INCOME FOR FARMS I N  THE REGION: 1975 
( IN CONSTANT 1976 DOLLARS) 

a Excludes government payments. 

Source: Wisconsin Statistical Reporting Service and SEWRPC. 

County 

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

Total 

Gross Cash 
~ e c e i p t s ~  

(thousands) 

$ 20,551 
8,031 

18,804 
45,488 
47,769 
38,178 
23,312 

$202.1 33 

Net Income 
per Capita 

(farm population) 

$2,732 
7,689 
3,105 
5,583 
3.1 83 
2,450 
2,214 

$3,165 

Realized 
Net Income 
(thousands) 

$ 5,960 
2,330 
5,453 

13,191 
13,853 
11,072 
6,760 

$58.61 9 

Net Income 
per Farm 

$12,290 
24,783 
10,755 
22,782 
13,567 
10,472 
7,665 

$1 2,674 

Net Income 
per Acre 

$ 63.46 
21 7.94 
64.56 

1 15.23 
61.07 
66.70 
49.27 

$ 70.32 



Table 161 

ESTIMATED VALUE ADDED BY INDUSTRY, ESTIMATED CAPITAL EXPENDITURES BY INDUSTRY, AND ESTIMATED 
WATER QUALITY-RELATED EXPENDITURES BY INDUSTRY IN SOUTHEASTERN WISCONSIN BY COUNTY: 1975 

(IN CONSTANT 1976 DOLLARS) 

a Based on annual survey conducted by the Bureau of the Census for all counties. 

Based on annual survey conducted by the Bureau o f  the Census for Standard Metropolitan Survey Areas (SMSA). Data allocated to respective counties within the 
Milwaukee SMSA are based on ratio of  operation and maintenance expenditures to water quality capital costs within the SMSA. Walworth County estimates are 
based on a similar ratio for the Region. 

County 

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

Total 

Based on annual survey conducted by the Bureau of the Census for SMSAIs. Data allocated to respective counties within the Milwaukee SMSA based on ratio of  
water quality capital expenditures to all capital expenditures for the SMSA. Data for Walworth County based on information supplied by Wisconsin Department 
of Revenue. 

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

Water Quality Capital 
Expenditures as a 
Percentage of All 
Industry Capital 

Expenditures 
(millions) 

0.3 
2.5 
0.1 
0.6 
0.1 
0.1 
0.3 

4.1 

Value Added 
by lndustrya 

Table 162 

Amount 
(millions) 

$ 618.5 
4,326.2 
202.5 
798.1 
115.2 
282.3 
673.9 

$7,016.7 

Capital Expenditures for 
All Plant and ~ ~ u i p m e n t ~  

PERCENT OF ALLOWABLE TAX LEVY 
INCREASE UTILIZED BY COUNTY GOVERNMENT 

IN THE REGION: 1975-1977 

Water Quality-Related 
Expenditures (millions) 

Percent 
of Region 

Total 

8.8 
61.7 
2.9 

1 1.4 
1.6 
4.0 
9.6 

100.0 

Amount 
(millions) 

$ 28.9 
258.9 
12.2 
44.6 
11.5 
8.5 
35.8 

$400.4 

Operation and 
Maintenance 

$ 1.3 
10.5 
0.5 
1.7 
0.3 
0.3 
1.5 

$16.1 

Percent 
of Region 

Total 

7.2 
64.7 
3.1 

1 1  .I 
2.9 
2.1 
8.9 

100.0 

a Based on state-imposed limits on tax levies which restrict the 
percentage increases to no more than the percentage increase in 
statewide equalized assessed values. 

Source: Wisconsin Department o f  Revenue and SEWRPC. 

County 

Kenosha . . . . . . .  
Milwaukee.. . . . .  
Ozaukee . . . . . . .  
Racine. . . . . . . . .  
Walworth. . . . . . .  
Washington . . . . .  
Wau kesha. . . . . . .  

It is helpful to relate the data presented in this chapter 
to the average property tax rates in the Region. The 
means of the reported 1975 property tax rates were 
$25.11, $22.93, and $18.72 per $1,000 of equalized 
assessed values for the cities, villages, and towns in the 
Region, respectively. The total water quality-related 
public expenditures within the Region for 1975 would 

capitalC 

$ 1.2 
10.0 
0.5 
2.4 
0.4 
0.4 
1.4 

$16.3 

Percent of Allowable 
Tax Levy lncreasea 

97 
0 
95 
5 
20 
97 
8 

be equal to  about $4.60 per $1,000 of equalized assessed 
value in the Region in 1975. Of these expenditures, only 
a portion is supported by local property tax revenues, 
with the balance coming from operating revenues, such 
as "user charges" and "industrial cost recovery charges," 
and from state and federal grants-in-aid. In addition, i t  
should be noted that of the $4.60, only about $2.50 per 
$1,000, or about 54 percent, would be associated with 
sanitary sewerage system expenditures, again only paid 
in part through local property taxes. The remaining 
46 percent would be associated with urban land manage- 
ment practices such as street and highway maintenance 
and collection and transport of solid wastes. 

Total 

$ 2.5 
20.5 
1 .O 
4.1 
0.7 
0.7 
2.9 

$32.4 

Borrowing Revenues 
Borrowing has been another major source of revenue for 
the local units of government. Revenues from borrowing 
are often used to  finance needed public facilities, such as 
wastewater treatment plants, which can be amortized 
over a considerable period of time. The length of time 
a municipality or special-purpose district may amortize 
a borrowed debt is generally limited to  20 years by state 
law. In the Region, notable exceptions to this law are 
Racine, Milwaukee, and Waukesha Counties, which meet 
statutory population requirements enabling them to 
amortize bond issues for land acquisition purposes within 
their county over a period of up to  50 years. The follow- 
ing listing briefly defines the various forms of borrowing 
available to  the local units of government in the Region. 



Table 163 

STATE EQUALIZED PROPERTY VALUES FOR THE REGION BY COUNTY: 1971-1975 
(IN CONSTANT 1976 DOLLARS) 

Source: Wisconsin Department of Revenue, Bureau of Local Fiscal Information and SEWRPC. 

Municipal Bonds: Municipal bonds are issued by a juris- 
diction having the power to  levy a general property tax. 
These bonds are backed by the taxing power and require 
the approval of the electors via a referendum if sufficient 
signatures are presented in a petition. Such debts are 
limited by a statutory requirement that the total amount 
of indebtedness, including existing indebtedness, of any 
municipality shall not exceed 5 percent of the state 
equalized property value for that municipality. Further, 
taxes levied to pay off the debt are exempt from any 
legislative limit of rates and amount. 

Percent 
Increase 
1971-1975 

26.7 
9.5 
33.8 
18.5 
28.1 
33.5 
36.6 

18.2 

County 

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

Total 

Mortgage or Revenue Bonds: Mortgage or revenue bonds 
are issued by municipalities to acquire, construct, lease, 
operate, or manage a public utility and use the public 
facility as collateral, with the revenues produced by the 
facility being used to repay the bonds. Indebtedness 
incurred via mortgage bonds is not restricted by the 
5 percent debt limit of a municipality, and such bonds 
do not require the approval of the electorate for issuance 
unless a petition is filed. Public Law 94-305, which 
became effective in June 1976, allows a state or munici- 
pality to issue tax exempt revenue bonds to  finance 
pollution control facilities for small- and moderate-sized 
businesses. The Federal government, through the Small 
Business Administration, guarantees these loans which 
are to  be paid back from the private business revenues 
generated. The actual effectiveness of this newly estab- 
lished program could not be assessed as of this writing. 

Public Improvement Bonds: Public improvement bonds 
are issued by municipalities to finance construction or 
acquisition of any revenue-producing public improve- 
ment. The bondholders have first call on the revenues 
produced. If revenues are insufficient to cover debt 
service and operations, the municipality is to  make up 
the difference from its general tax levy. Public improve- 
ment bonds are a general obligation of the municipality 
and, as such, come under the 5 percent debt limit of 
a municipality. 

Value 
(millions) 

Special Improvement Bonds and Certificates: When pay- 
ment for all or part of a public improvement is to  be 
made by special assessment, municipalities are authorized 
to  use contractors' certificates, general obligation-local 
improvement bonds, or special assessment bonds to  pro- 
vide financing. Contractors' certificates shift financing 
costs onto the contractor who does the work. Should the 
special assessment levied not be paid off, the contractor 
would exchange his certificates for tax sale certificates of 
the property involved. The municipality collects the 
special assessment and pays it over to  the contractor. The 
contractor is protected against nonpayment by liens 
established at the date of assessment against the p;operty 
involved. General obligation-local improvement bonds are 
issued by the municipality. Collections of special assess- 
ments and the interest on them is placed into a "sinking 
fund" which is used to pay off the local improvement 
bonds. An irrepealable tax is levied at the time of issu- 
ance, and the tax rate is adjusted annually so that it 
brings in only enough money to pay off the difference 
between what is in the sinking fund and the payment 
coming due. Special assessment bonds are issued by the 
municipality and used to finance work projects where 
the bonds relate to  individual properties and are secured 
and paid from assessments against those particular prop- 
erties. Thus each bond has its own sinking fund. In the 
event of nonpayment of the special assessment, the 
proceeds from the tax sale are used to  pay off the bond; 
however, if these proceeds are insufficient, no additional 
payment from other sources is guaranteed. Special 

1971 

1,270.9 
12,254.0 

829.8 
1,869.1 
1,018.9 
874.9 

3,191.0 

21,308.6 

assessment bonds do not come under the 5 percent debt 
limit since they are not supported by tax levies. 

1974 

1,482.3 
12,928.8 
1,033.9 
2.1 28.6 
1,230.1 
1,106.0 
4,093.3 

24,002.0 

Other Notes and Bonds: Promissory notes may be issued 
by municipalities to meet short-term financing require- 
ments. Such notes are backed by an irrepealable tax, 
which makes the note a general obligation and thus 
subject to the 5 percent debt limit. These notes must be 
paid off by August 30th of the year following the levy. 
Thus the maximum effective length of such notes would 
be about 21 months. 

1975 

1,612.1 
13,421.6 
1,110.5 
2,215.4 
1,305.4 
1 ,I 68.2 
4,360.2 

25,193.4 

1972 

1,335.5 
12,555.1 

891 .O 
1,929.0 
1,155.1 
966.6 

3,512.7 

22,345.0 

1973 

1,425.8 
12.796.2 
956.1 

2,005.5 
1,176.3 
1,035.9 
3,791.9 

23.1 87.7 



Bond anticipation notes may be issued by municipalities 
where contracts are to be let but where the bonds 
authorized to be sold for the project have not as yet been 
sold. The proceeds from the sale of the bonds constitute 
a trust fund to pay off the notes. 

Delinquent tax bonds with terms of up to five years may 
be issued by municipalities as a form of temporary 
borrowing. The total amount is limited to the amount 
of delinquent taxes at the time of issue. Proceeds from 
delinquent taxes are used to  establish a sinking fund 
which is used to  pay off the bonds. The municipality 
has the option to levy a direct tax to make up any 
deficiency if tax collections fall short. 

Table 164 presents in summary form the typical means of 
borrowing which are available to the various units of gov- 
ernment in the Region. These various forms of borrowing 
may be grouped into two general categories: general 
obligations and revenue or special assessment debt, with 
the major difference between the categories being that 
general obligation borrowing is fully backed by the tax 
base of the local government and is subject to  a state- 
imposed debt limit, while revenue or special assessment- 
based borrowing uses as collateral the asset for which 
the bond was issued and is not subject to  the debt limit, 
since revenues-rather than tax levies-produced by 
the asset, or by assessment, are used to  retire the 
bond. Table 165 summarizes the amounts of debt out- 
standing in the Region by general group for the units 
of government. 

Federal Grants-in-Aid: Of special importance to the 
local units of government are state and federal grants- 
in-aid for construction of elements of sanitary sewerage 
systems. The federal grants program, conducted under 
the provisions of Title I1 of the 1972 Federal Water 
Pollution Control Act Arnendments,provides for financial 
assistance in the amount of 75 percent of the cost of 
planning, designing, and constructing sanitary sewage 
collection and treatment facilities. This program, author- 
ized for appropriations in the amount of $18 billion for 
federal fiscal years 1973, 1974, and 1975-$5 billion, 
$6 billion, and $7 billion, respectively-represents the 
largest public works program in American history. 
Although no monies were appropriated through the 
federal water pollution control laws in fiscal year 1976, 
the program was the vehicle for approximately $900 mil- 
lion in the 1976 Public Works Act appropriation, and 
$1 billion in the 1977 water pollution control grants 
appropriation. The total amount available to Wisconsin 
from these appropriations was $317,401,800. As of 
August 5, 1977, $307,901,800 had been committed to  
local projects in the State. Over the intervening 58-month 
period, this averaged $63.7 million per year. Of this 
amount, $61.1 million, or about 96 percent, was in 
routine appropriations under the Federal Water Pollution 
Control Act Amendments of 1972. The Wisconsin 
Department of Natural Resources anticipates, based on 
recent federal legislation, 2.013 percent of the national 
appropriation of $4.5 billion. Thus, Wisconsin's share 
of the appropriations through federal fiscal year 1988 

is forecast at an average of $90.6 million per year, 
a 42 percent increase over the .amounts available from 
October 1,1972 to September 1977. 

Of the $307.9 million committed to  date, approximately 
$104.2 million, or 33.9 percent, went to  the support of 
projects in the Region. Table 166 sets forth the amounts 
of federal grants-in-aid appropriated to  the Region by 
county and by year, along with the number of projects 
by county. 

In addition, the State of Wisconsin, through its Outdoor 
Resources Action Plan (ORAP) program has-between 
1969 and 1977-provided important local assistance in 
the amount of $144 million, or $18 million per year, 
for 5 percent grants supplemental to  the federal grant 
support, 25 percent grants for projects not immediately 
eligible or not fundable by the federal program, and 
15  percent grants for construction of advanced waste 
treatment facilities. In addition, $5 million of the ORAP 
funds was allocated by the legislature to  support 50 per- 
cent of the total cost of building or upgrading sewage 
collection and treatment svstems in communities with 
under 10,000 population, in the legislative creation of 
Section 144.23 of the Wisconsin Statutes. Table 167 
indicates the number and amounts of grants awarded 
within the counties of southeastern Wisconsin over this 
eight-year period, during which a total of 198 projects 
were awarded grants totaling $57 million, or about 
$7.1 million per year. Thus, in-Region project grants 
constitute about 39 percent of the statewide total. 

General Revenues: User Charges 
Additional sources of water quality-related revenue are 
user charges and industrial cost recovery charges 
(UCIICR). User charges are associated with mortgage 
revenue bonds, because these bonds are required to  be 
paid off from revenues generated by the facility instead 
of by property taxes and user charges perform this func- 
tion. Federal law also requires repayment of the industrial 
share of federal grants-in-aid to  municipalities for con- 
struction of sewage treatment facilities in the form of 
industrial cost recovery charges. The industrial share 
of the grant is that portion of the project cost necessi- 
tated by industrial discharge t o  the treatment works. 
This share of the project cost may be paid back over 
a period of up to  30 years with no interest charged to 
the municipality receiving the grant. Of the money 
recovered, federal law requires that 50 percent be 
retained at the local level. Of that portion, 80 percent 
must be invested for future capital improvements to  
the treatment works. The remaining 20 percent may 
be used to reduce overall costs. Of the 95 centralized 
sanitary sewerage systems in the Region, 72, or about 
76 percent, were reported to  have a system of user 
charges functioning, as shown in Table 168. Of the 
72 public sanitary sewerage systems financed utilizing 
user charges, 49 reported using other methods of 
financing such as general property taxes or special assess- 
ment in addition to  the user charge system. 



Table 164 

AVAILABILITY OF DIFFERENT FORMS OF BORROWING FOR 
CATEGORIES OF UNlT  OF GOVERNMENT I N  THE REGION 

a Approval requirements o f  participating communities place severe restrictions on the exercise of any financing authority. 

Source: Wisconsin State Statutes and SEWRPC. 

Unit of 
Government 

City . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . .  Village 

Town . . . . . . . . . . . . . . . . . . .  
Town Utility District. . . . . . . . . .  
Town Sanitary District. . . . . . . . .  
Joint Sewerage commissiona . . . . .  
Metropolitan Sewerage District 
Organized under Chapter 66 
of the W~sconsin Statutes. . . . . . .  

Metropolitan Sewerage District 
Organized under Chapter 59 
of the Wisconsin Statutes. . . . . . .  

Inland Lake Protection and 
Rehabilitation Districts. . . . . . . .  

. . . . . . . . . . . . . . . . . .  County 

Table 165 

EXISTING LONG-TERM INDEBTEDNESS, STATUTORY DEBT LIMITS, MORTGAGE REVENUE BONDS, 
A N D  NOTES OUTSTANDING FOR THE REGION BY UNlT  OF GOVERNMENT: 1975 

Municipal 
Bonds 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Yes 

Yes 

Yes 
Yes 

a Includes Metropolitan Sewerage Districts which had a total of about $64 million in long-term debt outstanding. 

b~etermined by the State, based on 5percent of the total eqrralized property value for the local unit of government. 

Source: Wisconsin Department of Revenue, Bureau of Loca; Fiscal Information and SEWRPC. 

Mortgage 
Bonds 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Yes 

Yes 

Yes 
Yes 

Unit 
of 

Government 

countya . . . .  
City . . . . . . .  
Village. . . . . .  
Town . . . . . .  

Total 

If the current bonding statutes of the State of Wisconsin, SUMMARY 
as they pertain to the Metropolitan Sewerage Commis- 
sion, remain unchanged, it is estimatedas demonstrated 
in Figure 54-that the state-imposed bonding limit for 
Milwaukee County will be reached in 1984 due to the 
estimated capital expenditures needed to comply with 
the Federal Court order brought by the State of Illinois. 
Currently, legislation is being sought to allow the Metro- 
politan Sewerage Commission to institute user charges 
and industrial cost recovery fees to  meet federal require- 
ments of cost recovery. If the Metropolitan Sewerage 
Commission can generate revenue in this manner, it may 
then be possible to initiate revenue bonding to finance 

Total 
lnde btedness 

(millions) 

$134.8 
240.1 
43.7 

5.0 

$423.6 

new construction. Revenue bonding has no state-imposed 
limit, and local tax monies are not needed in order to  
retire the bonds. 

Mortgage 
Certificates 

Yes 
Yes 
Yes 
Yes 
No 

Yes 

Yes 

Yes 

No 
Yes 

Evaluation of recommended water quality plans requires 
a determination that the units of government and other 
agents responsible for implementation have the financial 
ability to act as specified by the plan. Accordingly, an 
evaluation of financial resources affecting water quality 
management was conducted to  reflect generally the 
financial resources expended during the year 1975 or 
during the preceding years where historical data are 
available. Utilizing information obtained by the Com- 
mission from a special-purpose sanitary sewerage system 
expenditures inventory, the Wisconsin Department of 
Revenue, Bureau of Municipal Audit Reporting Forms, 
the annual reports of selected sanitary sewerage operating 

Public 
Improvement 

Bonds 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Yes 

Yes 

No 
Yes 

~ e b t ~  
Limit 

(millions) 

$1,184.2 
815.0 
173.1 
168.7 

$2,341 .O 

Special 
Improvement 

Bonds and 
Certificates 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Yes 

Yes 

Yes 
Yes 

Bond 
Anticipation 

Notes 

Yes 
Yes 
Yes 
Yes 
No 

Yes 

Yes 

Yes 

No 
Yes 

Promissory 
Notes 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Yes 

No 

Yes 
Yes 

Margin 
Under Limit 

(millions) 

$1,049.4 
574.9 
129.4 
163.7 

$1,917.4 

Delinquent 
Tax 

Bonds 

Yes 
Yes 
Yes 
Yes 
No 

Yes 

Yes 

No 

Yes 
Yes 

Total 
as Percent 
of Limit 

11.4 
29.5 
25.2 
3.0 

18.1 

Mortgage 
Revenue Bonds 

Outstanding 

$ 0.0 
55.7 
6.8 
2.5 

$65.0 



Table 166 

FEDERAL SANITARY SEWAGE COLLECTION AND TREATMENT GRANTS-IN-AID: 1974-1977~ 

a ~ v e r a ~ e  monthly grant amounts over the 43-month period equal $1.82 

75  percent. 

Includes only the first seven months of 1977, to August 5, 1977. 

Source: Wisconsin Department of Natural Resources and SEWRPC. 

Table 167 

1977 
Federal 

sharebnc 

1.04 
12.30 
0.14 

12.02 
1.33 

15.17 
4.27 

46.27 

STATE GRANTS-IN-AID FOR SANITARY SEWERAGE 
FACILITIES UNDER ORAP PROGRAM: 1969-1977~ 

1976 
Federal 
shareb 

0.04 
1.39 
0.07 
0.22 
0.43 
0.67 
0.30 

3.12 

1975 
Federal 
shareb 

0.00 
0.34 
0.00 
0.12 
0.00 
0.05 
5.70 

6.21 

a Data are current as of September 20, 1977. The amounts shown 
may change slightly as final audits are conducted on some of 
the projects. 

County 

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

Total 

County 

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

Total 

Source: Wisconsin Department of Natural Resources and SEWRPC. 

Total Project 
Federal Share 

(millions) 

1.08 
25.47 
0.21 

23.53 
1.76 

15.89 
10.27 

78.21 

Number 
of 

Projects 

5 
13 
5 

13 
10 
6 

22 

74 

agencies, the U. S. Bureau of Labor Statistics, the records 
of the U. S. Department of Agriculture, the Wisconsin 

1974 
Federal 
shareb 

0.00 
11.44 
0.00 

11.17 
0.00 
0.00 
0.00 

22.61 

Number 
of Grants 

20 
92 
14 
21 
6 
9 

36 

198 

Department of Natural Resources Construction Grants 
Management Section, and the U. S. Bureau of Census, the 
Commission identified the total expenditures by all local 
units of government, the subset of those expenditures 

Amount 

$ 3,320,273 
36,613,021 

1,947,780 
5,362,028 

51 9,982 
1,224,380 
8,032,267 

$57,019,731 

which is related to water quality management-related 
activities, and the even more specialized subset related to 
sanitary sewerage system operation, maintenance, and 
construction. Also identified were the available data on 
farm income and expenditures for agricultural nonpoint 
pollution control practices, and the estimated pollution 
control expenditures of industrial and commercial 
activities. Table 169 summarizes these estimated 1975 

million or about $2 1.83 million per year. 

expenditures by source of funds. From this table, it is 
apparent that both the public and private sectors expend 
only a small portion of their total expenditures on water 
quality-related uses. It is also apparent that state and 
federal grants constitute only a small portion of the 
overall water quality-related expenditure total. 

The inventory of public financial resources indicates that 
water quality-related expenditures by all units of local 
government in the Region are not increasing as rapidly 
as total expenditures and, in fact, are remaining relatively 
stable when adjusted to reflect the effects of general price 
inflation. Revenue sources apparently remained strong 
with an increasing tax base and a variety of funding 
resources and mechanisms available. The limited experi- 
ence to date indicates that user charges and industrial 
cost recovery charges may provide significant potential 
additional revenues to support water quality manage- 
ment activities. 

The expenditures of cities and counties as well as the 
expenditures of all governmental units in the Region 
were significantly affected by the final stages of construc- 
tion of the South Shore sewage treatment plant by the 
Milwaukee Metropolitan Sewerage District from 1971 to 
1973, as reflected in heavy capital expenditures during 
that period. Excluding the Metropolitan Sewerage Com- 
missions of the City and County of Milwaukee, a real 
increase in the water quality-related expenditures of 
$5 million, or 5 percent over the five-year period, is 
indicated. Concurrently, a reduction from 10.8 percent- 
represented by $119-to 10.3 percent-represented by 
$116 million--of the total expenditures for water quality- 
related items by all units of government was reflected 
in the expenditures. Increases in total water quality 
management-related activities over the decade, not 
including construction at the South Shore sewerage 
treatment plant, are attributed largely to increases in 
demand for urban services, including refuse pickup and 



Table 168 

REPORTED METHODS UTILIZED FOR FINANCING PUBLIC SANITARY 
SEWERAGE SYSTEMS I N  SOUTHEASTERN WISCONSIN: 1975 

Public Sanitary Sewerage System 

Milwaukee Metropolitan Subregional Area 
City of Brookfield . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
City of Cudahy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
City of Franklin. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

City of Glendale . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
City of Greenfield . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
City of Mequon. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
City of Milwaukee . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
City of Muskego . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
City of New Berlin 

Area Connected t o  Milwaukee Metropolitan System . . . .  
Regal Manors Subdivision. . . . . . . . . . . . . . . . . . . . . .  

City of Oak Creek . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
City of South Milwaukee. . . . . . . . . . . . . . . . . . . . . . . .  
City of St. Francis . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
City of Wauwatosa. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

City of West Allis. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Village of Bayside . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Village of Brown Deer. . . . . . . . . . . . . . . . . . . . . . . . . .  
Village of Butler . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Village of Elm Grove 

Sanitary District No. 1. . . . . . . . . . . . . . . . . . . . . . . .  
Sanitary District No. 2. . . . . . . . . . . . . . . . . . . . . . . .  

Village of Fox Point. . . . . . . . . . . . . . . . . . . . . . . . . . .  
Village of Germantown. . . . . . . . . . . . . . . . . . . . . . . . .  
Village of Greendale. . . . . . . . . . . . . . . . . . . . . . . . . . .  
Village of Hales Corners . . . . . . . . . . . . . . . . . . . . . . . .  
Village of Menomonee Falls. . . . . . . . . . . . . . . . . . . . . .  
Village o f  River Hills. . . . . . . . . . . . . . . . . . . . . . . . . . .  
Village of Shorewood . . . . . . . . . . . . . . . . . . . . . . . . . .  
Village o f  Thiensville . . . . . . . . . . . . . . . . . . . . . . . . . .  
Village of West Milwaukee. . . . . . . . . . . . . . . . . . . . . . .  
Village of Whitefish Bay . . . . . . . . . . . . . . . . . . . . . . . .  
Caddy Vista Sanitary District. . . . . . . . . . . . . . . . . . . . .  
Rawson Homes Sewer and Water Trust. . . . . . . . . . . . . . .  

Upper Milwaukee River Subregional Area 
City of Cedarburg . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
City of West Bend . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Village of Fredonia. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Village of Grafton . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Village of Jackson . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Village o f  Kewaskum . . . . . . . . . . . . . . . . . . . . . . . . . .  
Village of Newburg. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Village of Saukville. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Sauk Creek Subregional Area 
City of Port Washington . . . . . . . . . . . . . . . . . . . . . . . .  
Village of Belgium . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Kenosha-Racine Subregional Area 
City o f  Kenosha. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
City of Racine. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Village of Elmwood Park. . . . . . . . . . . . . . . . . . . . . . . .  
Village of North Bay. . . . . . . . . . . . . . . . . . . . . . . . . . .  
Village of Sturtevant. . . . . . . . . . . . . . . . . . . . . . . . . . .  
Town of Caledonia Sewer Util i ty District No. 1 . . . . . . . . .  

Finance Public 
Systems 

Other 

Special Assessment, 
Sewer Connection Fee 

Special Assessment 

Special Assessment 

Federal Revenue 
Sharing Funds 

Special Assessment 

Special Assessment 
Sewer Connection Fee 

General 
Property 

Tax 

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 

Methods Utilized t o  
Sanitary Sewerage 

User 
Charge 

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 168 (continued) 

Root River Canal Subregional Area 
Village of Union Grove . . . . . . . . . . . . . . .  

Public Sanitary Sewerage System 

Kenosha-Racine Subregional Area (continued) 
Town of Mt. Pleasant 

Sewer Util ity District No. 1 . . . . . . . . . . . . . . . . . . . .  
Town of Pleasant Prairie 

Sewer Util ity District No. 1 . . . . . . . . . . . . . . . . . . . .  
Sewer Util ity District No. 2 . . . . . . . . . . . . . . . . . . . .  
Sewer Util ity District A .  . . . . . . . . . . . . . . . . . . . . . .  
Sewer Util ity District B . . . . . . . . . . . . . . . . . . . . . . .  
Sewer Util ity District C . . . . . . . . . . . . . . . . . . . . . . .  
Sewer Util ity District E . . . . . . . . . . . . . . . . . . . . . . .  

Town of Somers Sanitary District No. 1 . . . . . . . . . . . . . .  
Town of Somers Util ity District No. 1 . . . . . . . . . . . . . . .  
Crestview Sanitary District. . . . . . . . . . . . . . . . . . . . . . .  
North Park Sanitary District. . . . . . . . . . . . . . . . . . . . . .  
Pleasant Park Util ity District . . . . . . . . . . . . . . . . . . . . .  

Des Plaines River Subregional Area 
Village of Paddock Lake . . . . . . . . . . . . . . . . . . . . . . . .  
Town of Bristol Util ity District No. 1 . . . . . . . . . . . . . . .  
Town of Pleasant Prairie 

. . . . . . . . . . . . . . . . . . . . . .  Sewer Util ity District D .  
Sanitary District No. 73-1 . . . . . . . . . . . . . . . . . . . . .  

Town of Salem Sewer Util ity District No. 1 . . . . . . . . . . .  

Special Assessment 
Special Assessment 

Methods Utilized t o  Finance Public 
Sanitary Sewerage Systems 

Upper Fox River Subregional Area 
City of Brookfield . . . . . . . . . . . . . . . . . . . . . . . . .  
City of Waukesha. . . . . . . . . . . . . . . . . . . . . . . . . .  
Village of Pewaukee . . . . . . . . . . . . . . . . . . . . . . . .  
Village of Sussex . . . . . . . . . . . . . . . . . . . . . . . . . .  

General 
Property 

Tax 

X 
X 

X 

Lower Fox River Subregional Area 
City of Burlington . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
City of Lake Geneva. . . . . . . . . . . . . . . . . . . . . . . . . . .  
Village of East Troy . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Village of Genoa City . . . . . . . . . . . . . . . . . . . . . . . . . .  
Village of Mukwonago . . . . . . . . . . . . . . . . . . . . . . . . .  
Village of Rochester. . . . . . . . . . . . . . . . . . . . . . . . . . .  
Village of Silver Lake . . . . . . . . . . . . . . . . . . . . . . . . . .  
Village of Twin Lakes. . . . . . . . . . . . . . . . . . . . . . . . . .  
Village of Waterford. . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  Town of Rochester Sanitary District 
Browns Lake Sanitary District . . . . . . . . . . . . . . . . . . . .  

Special Assessment 

Special Assessment 

User 
Charge 

X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

Upper Rock River Subregional Area 
City of Hartford . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Village of Slinger . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Allenton Sanitary District . . . . . . . . . .  ; . . . . . . . . . . . .  

Other 

Special Assessment 
Special Assessment 
Special Assessment 
Special Assessment 
Special Assessment 
Special Assessment 

Middle Rock River Subregional Area 
City of Oconomowoc . . . . . . . . . . . . . . . . . . . . . . . . . .  
Village of Dousman . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Village of Hartland. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Lower Rock River Subregional Area 
City of Delavan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
City of Elkhorn. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
City of Whitewater. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Village of Darien . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

- - 

Village of Fontana . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Village of Sharon. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Village of Walworth . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Village of Willlams Bay. . . . . . . . . . . . . . . . . . . . . . . . .  

NOTE: N/A indicates data not available. 

Source: SEWRPC. 



Figure 54 

TOTAL ANTICIPATED DEBT FOR MILWAUKEE COUNTY AND ANTICIPATED DEBT 
FOR THE METROPOLITAN SEWERAGE COMMISSION OF MILWAUKEE COUNTY 

IN RELATION TO THE DEBT LIMIT FOR MILWAUKEE COUNTY: 1977-1995 

lSal 1983 1965 1987 1989 1991 1993 1995 

YEAR 

Source: C H p - H i l l  estimates am of November 1977. 

disposal, in urbanizingbut unincorporatedareas. Total 
expenditures and water quality-related expenditures were 
found t o  be declining between 1971 and 1975 for the 
City of Milwaukee, while the total reported expenditures 
by other cities increased over the same period. Water 
quality-related items also reflected general increases 
over the analysis period for expenditures by towns 
and villages. 

Sanitary sewerage system expenditures of about $64 mil- 
lion, or about $41 per capita, were reported for 1975. 
Of this total, about $19 million, or  about $12 per capita, 
was expended for operation and maintenance, and about 
$45 million, or about $29 per capita, was expended for 
capital improvements. On a per capita basis, these expen- 

I 

ditures represent an increase of about 35 percent for 
operation and maintenance and a decrease of about 
11 percent for capital improvements over the expendi- 
tures in 1970. The unit costs of sanitary sewerage ser- 
vices were found to be lower for the larger facilities . .! 

'and sanitary sewerage systems within the Region. General 
urban land management practices including refuse collec- 
tion and disposal, street sweeping, leaf and rubbish 
pickup and disposal, storm sewer cleaning and mainte- 
nance, street and highway maintenance, snow and ice 
removal and sand and salting, and local water quality 
sampling and enforcement programs were found to 
comprise approximately 54 percent of the total water 
quality management-related expenditures by all local 
units of government. 



Table 169 

SUMMARY OF PUBLIC AND PRIVATE EXPENDITURES FOR WATER QUALITY 
MANAGEMENT IN SOUTHEASTERN WISCONSIN: 1975 

(IN CONSTANT 1976 DOLLARS) 

a Not categorized or reported as such in the U. S. Bureau of the Census survey forms. These costs are also an inregral element of both production costs and 
of overhead. 

Revenue Source 

Public 
Local Tax Base. . . . . . . . . 
State Water Pollution 

Control Grants. . . . . . . . 
Federal Water Pollution 

Control Grants 
(point source) . . . . . . . . 

Federal Water Pollution 
Control Grants 
(nonpoint source) . . . . . . 

Subtotal 

Private 
Agriculture . . . . . . . . . . . 
Industry . . . . . . . . . . . . 

Subtotal 

Total 

Includes user charges paid to local units of government. 

Includes $10.5 million in debt retirement, 

Includes point source- and nonpoin t source-related expenditures. 

Expenditures (millions) 

Source: SEWRPC' 

All Nonwater 
Qualitv-Related 

$ 994.10 

0 

0 

0 

$ 994.10 

$ 143.03 
7,617.10 

$7,760.13 

$8,754.23 

A total of approximately $12.5 million was expended 

Total 

$1.106.80 

7.10 

6.20 

0.19 

$1,120.29 

$ 143.31 
7,649.50 

$7,792.81 

$8,913.10 

Water 

Operation and 
Maintenance 

$19.00 

0 

0 

0 

$19.00 

$ 0  
1 6 . 1 0 ~  

$16.10 

$35.10 

on soil and water conservation practices with the tech- 
nical and financial assistance of the U. S. Department of 
Agriculture from 1965 through 1975. This represents an 
annual average expenditure of $1,140,000. The federal 

Water Quality- 
Nonpoint Source 

$62.20 

0 

0 

0.19 

$62.39 

$ Oz8 
. . 

$ 0.28 

$62.67 

share of soil and water conservation practice expenditures 
in the Region in 1975 was $188,000 or approximately 
40 percent of the 1975 total for such expenditures in 
the Region. The net farm income in the Region was 
found to equal $58,619,000. Accordingly, the average 

Water 
~uality- elated^ 

$1 12.70 

7.10 

6.20 

0.19 

$126.19 

$ 0.28 
32.40 

$ 32.68 

$1 58.87 

Quality-Point Source 

Capital (includes 
debt retirement) 

$31.50 

7.10 

6.20 

0 

$44.80' 

$ 0  
16.30 

$16.30 

$61.10 

annual expenditures for soil and water conservation 
practices have been approximately 2.0 percent of the 
current farm net income. 

total 

$50.50 

7.10 

6.20 

0 

$63.80 

$ 0  
32.40 

$32.40 

$96.20 

Industrial and commercial establishments of the Region 
are estimated to  have expended approximately $32 mil- 
lion, or 0.5 percent of the value added by industry during 
1975, for purposes of water pollution control. 

Equalized property values, which provide the basis for 
the tax revenues of local units of government, have 
increased by 18.2 percent from 1971 to 1975, ranging 
from a low of 9.5 percent in Milwaukee County to  a high 
of 36.6 percent in Waukesha County. The result of this 
increase in assessed value has been a steady decrease in 
effective tax rates in the Region. It is estimated that 
capital improvements and operation and maintenance 
costs of sanitary sewerage systems in the Region are 
equivalent to $2.50 per $1,000 of equalized assessed 
value in 1975. At the same time, the local units of govern- 

ment, as of 1975, were found to be at about 18.1 percent 
of their maximum allowable bonded indebtedness as 
established by the State, and were found to have about 
$65 million outstanding in mortgage revenue bonds from 
other units of government and about $63.6 million in 
long-term debts outstanding from the Milwaukee Metro- 
politan Sewerage District. 

Over the period from 1972 to  1977, an average of about 
$21.8 million per year was granted in the form of sew- 
erage system construction grants-in-aid from the federal 
construction grants program to the seven-county Region, 
constituting about 34 percent of the total such grants- 
in-aid committed in the State. In addition, an annual 
average of approximately $7.1 million per year, or about 
39 percent of the state total, was provided to the Region 
through the Wisconsin Outdoor Resources Action Plan 
(ORAP) program in the form of sanitary sewerage system 
grants-in-aid. 

Different forms of bonds and notes are available to  local 
units of government for the construction and financing 
of public works projects. At the end of calendar year 
1975, the units of government in the Region were found 
to be at approximately an average of 18.1 percent of 
their potential bonded indebtedness with a total of 
$424 million in municipal bonds outstanding, including 
the Metropolitan Sewerage Districts, which were found 
to have a total of $63.6 million in long-term debt out- 
standing at the end of the year. 



Although under pressure by the demand for additional 
urban services, and generally restrained by the levy limits 
on local expenditures, the local units of government were 
found to have a growing tax base and-with the 1977 
legislative authorization of user charges and mortgage 
revenue bonds by the Metropolitan Sewerage Com- 
mission of the County of Milwaukee-sufficient legal 
mechanisms by which t o  produce revenues for the 
purposes of public works financing. Similarly, taken 
as gross proportions of total expenditures, pollution 

control expenditures by the private sector including 
agricultural, industrial, and commercial activities are 
estimated to  be a modest proportion, about 27 percent, 
of the total of water quality-related expenditures by 
governmental units. The forms, period, and timing of 
major debts incurred for pollution control by the private 
sector will play a major part in the relative importance 
of such expenditures to the short-term profits of private 
individuals or firms, and therefore must be considered 
in plan implementation. 



Chapter VIII 

SUMMARY AND CONCLUSIONS 

INTRODUCTION 

Water resources constitute one of the most important 
elements affecting the overall quality of the environment, 
as well as the growth and development of an area. Water 
resources not only condition, but are conditioned by 
regional growth and development. Any meaningful 
comprehensive regional planning effort must, therefore, 
recognize water resources as an important element of 
a limited natural resource base to which both rural and 
urban development must be adjusted if serious develop- 
mental and environmental problems are to  be avoided. 
This is particularly true in the highly urbanized seven- 
county Southeastern Wisconsin Region, a Region richly 
endowed with water resources. Properly husbanded, these 
water resources can constitute a renewable resource 
which can serve the Region for all time to  come. Misused 
and mismanaged, however, this resource will become the 
focus of serious and costly developmental and environ- 
mental problems and a severe constraint on the sound 
social and economic physical development of the Region. 
Water poIIution is one manifestation of the misuse of 
water resources, and the public has become increasingly 
aware of, and concerned over, such pollution which has 
seriously interfered with desired water uses. 

Recognizing the importance of water resources to  the 
sound development of the Region, the Southeastern 
Wisconsin Regional Planning Commission in 1975, 
pursuant to the requirements of Section 208 of the 
Federal Water Pollution Control Act, undertook an 
areawide water quality management planning program 
for the seven-county Southeastern Wisconsin Region. The 
findings and recommendations of that planning program 
are presented in a three-volume report. This, the first of 
the three volumes, sets forth the basic concepts under- 
lying the planning program and the factual findings of 
the extensive inventories and analyses conducted under 
the program. It describes the man-made and natural 
features of the Region pertinent to water quality manage- 
ment planning, describes the existing and historic water 
quality conditions within the Region, identifies the 
existing sources of water pollution, and identifies the 
legal and financial structures affecting water quality. 

The information presented in this volume is intended to 
provide the basis for the forecasts of probable future 
population and economic activity and of attendant land 
and water use requirements presented in the second 
volume, together with recommended water use and 
related objectives and standards, and alternative proposals 
for abating water pollution and attaining these objectives 
and standards over time. The recommended plan for the 
prevention and abatement of water pollution in the 
Region and the attainment of the agreed-upon water use 
objectives and supporting standards is presented in the 
third volume of this report, together with recommenda- 
tions concerning the best means for implementing the 

recommended plan. Together, the three-volume report is 
intended to provide a sound basis for decisions concern- 
ing water pollution abatement and control by the local, 
state, and federal units and agencies of government 
operating within the Region. To this end, the report 
considers the economic and financial, as well as the 
technical and environmental, factors involved in such 
abatement and control, together with the social and 
political considerations involved in plan adoption 
and implementation. 

STUDY PURPOSE AND ORGANIZATION 

The Southeastern Wisconsin Regional Planning Com- 
mission is the official planning and research agency for 
the seven-county Southeastern Wisconsin Region. The 
Commission is charged by law with the function and 
duty of preparing and adopting a comprehensive plan 
for the physical development of the Region, as well as 
of conducting such studies as may be necessary to  the 
implementation, as well as the preparation, of such 
a plan. The areawide water quality management planning 
program is the eighth major planning program to be 
undertaken by the Commission for the purpose of 
preparing an element of the comprehensive plan for 
the physical development of the Region. 

On September 27, 1974, the Governor of the State of 
Wisconsin designated the seven-county Southeastern 
Wisconsin Region as a water quality management plan- 
ning area under the provisions of Section 208 of the 
Federal Water Pollution Control Act, and designated 
the Commission as the official areawide water quality 
management planning agency for this Region. Pursuant 
to these designations, the Commission early in 1975 
established a Technical Advisory Committee on Area- 
wide Water Quality Management Planning to assist 
it in the conduct of the federally mandated areawide 
water quality management planning program. An Inter- 
governmental Coordinating Committee on Water Quality 
Management Planning was also established for the pur- 
pose of assisting the Commission with those aspects of 
the planning program having important intergovernmental 
and interagency policy implications of a statewide, as well 
as regionwide, nature. Finally, a Citizens Advisory Panel 
was created to  provide increased opportunity for repre- 
sentatives of citizen interest groups and for knowledge- 
able citizens to  become familiar with and influence the 
planning program, the resulting plan, and the implemen- 
tation measures proposed. Further opportunity for 
participation in the planning program was provided 
through other standing advisory committees to  the 
Commission, particularly the Technical Coordinating 
and Advisory Committee on Regional Land Use- 
Transportation Planning and the Technical and Citizen 
Advisory Committee on Regional Park and Open 
Space Planning. 



The technical work was carried out by the Commission 
staff with the assistance of cooperating governmental 
agencies-including the U. S. Department of the Interior, 
Geological Survey; the Wisconsin Department of Natural 
Resources; the University of Wisconsin-Extension Ser- 
vice; the soil and water conservation districts of the 
seven constituent counties; the Geneva Lake Watershed 
Environmental Agency--and private consultants engaged 
by the Commission, including Hydrocomp, Inc.; Stan- 
ley Consultants, Inc.; Camp, Dresser and McKee, Inc. ; 
Alster & Associates, Inc .; and Sommer-Frey Laboratories, 
Inc. Each of these organizations was selected by the 
Commission for participation in the areawide water 
quality management planning program because of its skill 
and experience in specialized phases of water resources 
planning, engineering, and management. The disciplines 
provided through such assistance included photogram- 
metric mapping and control surveys; stream flow measure- 
ment and surface water and groundwater quality sam- 
pling and analyses; sludge quality sampling and analyses; 
hydrologic-hydraulic water quality simulation modeling; 
assessment of the costs and effectiveness of various pollu- 
tion control measures, wastewater sludge management, 
soil erosion control, and other nonpoint source pollution 
abatement measures; agronomy; and public information, 
education, and participation. 

The primary objective of the areawide water quality 
management planning program for southeastern Wis- 
consin, as set forth in the approved study design,' was t o  
prepare and adopt an areawide water quality management 
plan providing for the abatement and prevention of water 
pollution in the lakes and streams of the Region and the 
attainment of water use objectives and supporting water 
quality standards to  the year 2000. In addition, the plan 
was intended to include specific recommendations for 
the designation of water quality management agencies 
in order to  assure its effective implementation. Other 
ancillary objectives of the planning program included: 

1. Providing for full integration of regional water 
quality management planning with comprehen- 
sive regional planning, particularly regional land 
use planning; 

2. Providing for the conduct of a refined areawide 
water quality and quantity monitoring and 
modeling program; 

3. Preparing an areawide point source pollution 
abatement plan element through revision and 
refinement, as may be found necessary, of the 
previously prepared and adopted comprehen- 
sive watershed and regional sanitary sewerage 
system plans; 

4. Preparing an areawide nonpoint source pollution 
abatement plan element, extending previous 
Commission watershed planning efforts; 

'See  Study Design for the Areawide Water Quality 
Planning and Management Program for Southeastern 

5 .  Preparing a practical areawide sludge management 
systems plan element; 

6. Assisting in the conduct of subarea facilities plan- 
ning for municipal wastewater conveyance and 
treatment facilities; and 

7. Providing for the establishment of a continuing 
areawide water quality planning and management 
program for southeastern Wisconsin. 

This three-volume report can only present in brief sum- 
mary form the large quantity of information assembled 
in the extensive data collection, analysis, forecasting 
design, and evaluation phases of the areawide water 
quality management planning program for southeastern 
Wisconsin. Although the reproduction of all of this infor- 
mation in report form is impractical, all of the basic data 
developed under the program and presented in summary 
form in this volume have also been assembled in "Area- 
wide Water Quality Plan Development Study Volumes." 
These study volumes are maintained in the Commission 
offices and are available for use to member units and 
agencies of government and to the general public upon 
specific request. This report, therefore, serves the addi- 
tional purpose of indicating the types of water quality 
and related data which are available from the Commission 
and which may be of value to  federal, state, or local units 
of government or to  private interests within the Region. 

Geography 
The seven counties which comprise the Southeastern 
Wisconsin Planning Region have a combined area of 
about 2,689 square miles, or about 5 percent of the total 
area of the State of Wisconsin. Geographically, the 
Region is located in a relatively good position with regard 
to continued growth and development. It is bounded on 
the east by Lake Michigan, which provides an ample 
supply of fresh water for both domestic and industrial 
use, as well as being an integral part of a major inter- 
regional and international transportation network. It is 
bounded on the south by the densely populated north- 
eastern Illinois metropolitan region, and on the west 
and north by the fertile agricultural lands and desirable 
recreational areas of the rest of the State of Wisconsin. 
Many of the most important industrial and heaviest 
population concentrations in the Midwest are located 
within 250 miles of the Region; and slightly more than 
35 million people reside within this radius, an increase 
of approximately 5 million persons over the 1960 level. 

2The base year for conducting the inventories for the 
areawide water quality management planning program 
was 1975. This year was chosen to coincide with the 
SEWRPC 1975 land use inventory and thereby provide 
a common data base for use in the calibration, validation, 
and application of the hydrologic-hydraulic water quality 
simulation model. This model was the principal analytic 
tool used in the program. 



A complex of 154 general-purpose local units of gov- 
ernment and an even greater number of special-purpose 
units of government operates within the Southeastern 
Wisconsin Region. The 154 general-purpose local units 
of government include the seven counties comprising 
the Region-Kenosha, Milwaukee, Ozaukee, Racine, 
Walworth, Washington, and Waukesha-d 28 cities, 
54 villages, and 65 towns. In addition, certain other 
special-purpose districts have important responsibilities 
for water resource management within the Region, 
including the Metropolitan Sewerage District of the 
County of Milwaukee, the Western Racine County 
Metropolitan Sewerage District, and the Walworth 
County Metropolitan Sewerage District, 44 legally estab- 
lished town sanitary and utility districts, seven soil and 
water conservation districts, six drainage districts- 
composed of five agricultural drainage districts and one 
urban storm water drainage district--and 19  inland lake 
protection and rehabilitation districts. 

Superimposed upon this multiplicity of local, general, 
and special-purpose units of government are the state 
and federal governments, certain agencies of which also 
have important responsibilities for water resources 
management. These include the Wisconsin Department 
of Natural Resources; the Wisconsin Department of 
Health and Social Services; the Wisconsin Board of Soil 
and Water Conservation Districts; the U. S. Department 
of the Interior, Geological Survey; the U. S. Environ- 
mental Protection Agency; the U. S. Department of 
Agriculture, Soil Conservation Service; and the U. S. Army 
Corps of Engineers. 

Population and Economic Activity 
Inventories of population and economic activity are 
complementary basic studies essential to  sound water 
quality management planning as well as to comprehensive 
land use planning. Population and economic activity 
levels are the most basic determinants of pollution load- 
ings and of the need for pollution abatement and water 
quality management actions. The size, composition, and 
spatial distribution of the population is greatly influenced 
by growth and change in regional economic activity 
levels; therefore, these two aspects of regional develop- 
ment are often considered together. 

The resident population of the Region, which as of 1975 
stood at 1,789,871 persons, increased at the rate of over 
33,000 persons per year from 1950 to 1960, at a rate 
of over 18,000 persons per year from 1960 to 1970, 
and at the rate of only 2,900 persons per year from 1970 
through 1975. Regional population growth rates have 
thus apparently declined from the very high rates of 
the recent past to  rates which approximate those that 
prevailed within the Region in the pre-1950 periods of 
this century. Moreover, it presently appears unlikely 
that the very large absolute population increases of the 
1950's and 1960's will reoccur within the Region in 
the foreseeable future. Consequently, the internal redis- 
tribution of population may be expected to be a more 
important consideration in the areawide water quality 

management planning program than the accommodation 
of regional population growth. During the first three 
decades of the 1900's, the highest rates of population 
increase occurred in the now urban counties of Kenosha, 
Milwaukee, and Racine. Since 1930, however, the highest 
rates of such increase have occurred in the suburban-rural 
areas of Ozaukee, Waukesha, and Washington Counties. 
This continuing trend of population decentralization has 
important implications for land use development and for 
related water quality control facilities since the decentral- 
ization of population and attendant land use development 
will affect both the older urban centers and the newer 
suburban and rural-urban fringe areas of the Region. 

With respect to  pertinent characteristics of the resident 
population, household sizes have been declining within 
the Region so that the total number of households may 
be expected to increase faster than the resident popula- 
tion. In this respect, household sizes within the Region 
declined from 3.36 persons per household in 1950, to  
3.30 in 1960, to  3.20 in 1970. Personal income levels have 
been increasing within the Region but at a decreasing 
rate. The areas of highest average household income are 
located in the most rapidly growing newer suburban and 
rural-urban fringe areas of the Region. 

Increases in the resident population of the Region are 
closely related to  increases in the level of economic 
activity within the Region. The number of jobs within 
the Region increased from 552,700 in 1950 to 779,000 
in 1975, an increase of about 41 percent, with the largest 
increases occurring during the last decade of this period. 
Over this same period, the resident population increased 
by about 44 percent, with the smallest increases occur- 
ring during the last decade of this period. Historically, 
employment in the Region has been heavily concentrated 
in manufacturing, although this concentration is changing, 
with the economy becoming more oriented toward public 
and private services and trade. The economic factors 
which promote population growth and urbanization in 
the Region are largely centered in and around the major 
urban centers of Milwaukee, Racine, and Kenosha, 
although diffusion of economic activity paralleling the 
diffusion of population into the outlying areas of the 
Region is occurring. 

Land Use 
One of the central concepts underlying the areawide 
water quality management planning program for south- 
eastern Wisconsin is that land use, water quality, and the 
need for water quality management facilities are closely 
interrelated. The type, intensity, and spatial distribution 
of land use is an important determinant of water quality 
which, in turn, influences land use development patterns. 
An inventory of existing land use and of historic trends 
in such land use is, therefore, important to  any water 
quality management planning effort. 

Although urban development within the Region has been 
continuous since 1850, the character of this development 
has changed dramatically since 1950. The earlier form 



of compact concentric urban development has been 
supplanted by the highly diffused pattern of areawide 
urbanization. Between 1950 and 1970, a 47 percent 
increase in urban population was accompanied by 
a 188 percent increase in the amount of land committed 
to urban use. The spread of urban development within 
the Region has been accompanied by a marked reduction 
in the urban population density of the developed por- 
tions of the Region, which dropped from more than 
11,300 persons per square mile in 1920 to about 
4,800 persons per square mile in 1970. Urban land uses 
within the Region increased from a total of about 
340 square miles, or about 13 percent of the total area 
of the Region in 1963, to 387 square miles, or about 
15 percent of the total area of the Region in 1970. The 
greatest proportion of the urban lands is devoted to 
residential use, which occupies about 9 percent of the 
total area of the Region. Nonurban land uses occupy 
about 85 percent of the total area of the Region. The 
greatest proportion of the nonurban lands is devoted 
to agricultural use, which occupies about 60 percent of 
the total area of the Region. 

Of the 12 watersheds within the Region, the most highly 
urbanized watershed is the Kinnickinnic River watershed, 
with about 89 percent of its total area being devoted to  
urban land uses. The Menomonee River watershed ranks 
second, with about 53 percent of its total area being 
devoted to urban land uses. The least urbanized water- 
shed within the Region is the Sheboygan River water- 
shed, with about 3 percent of its total area being devoted 
to urban land uses. 

The highly diffuse nature of the urban development 
occurring within the Region, along with a sharp decline 
in urban population density, has intensified many long- 
standing developmental and environmental problems, 
including problems of water pollution abatement and 
water quality management. The concentration of urban 
development around the shorelines of many of the 
inland lakes within the Region has intensified the need 
for water quality management in order to  protect these 
particularly valuable recreational resources. 

Public Utility Service and Transportation Facilities 
Public utility and transportation facilities are among the 
most important and permanent elements influencing 
regional growth and development. Moreover, certain 
utility facilities are closely linked to the surface and 
groundwater resources of an area and, therefore, affect 
the overall quality of the environment in the Region. 
This is particularly true of sanitary sewerage, water 
supply, and storm water drainage facilities which are, 
in a sense, modifications of, or extensions to, the natural 
watercourse system of an area and of the underlying 
groundwater reservoirs. Knowledge of the location and 
capacities of these utilities is, therefore, essential to  
intelligent water quality management planning, as well 
as to comprehensive land use planning. 

The public utility base of the Region is composed of its 
sanitary sewerage, storm water drainage, water supply, 
electric power service and gas service systems. There are 
a total of 95 centralized public sanitary sewerage systems 

presently operated by utilities within the Region serving 
about 350 square miles, or 13 percent, of the total area 
of the ~ e ~ i o n ,  and approximately 1.54 million people, 
or about 86 percent of the total regional population. 
These sewerage systems include a total of 128 sewage 
treatment plants of which 67 are privately owned. The 
remaining 14 percent of the total regional population, or 
approximately 246,000 persons, rely on the use of onsite 
systems for the treatment and disposal of liquid wastes. 

Of a total of 55 urban storm water management sys- 
tems, 48 systems having known defined service areas 
serve a total composite area of about 180 square miles, 
or about 7 percent of the total area of the Region, 
and a resident population of about 1.5 million people, 
or about 84 percent of the total regional population. 
Approximately 330 square miles, or about 12  percent 
of the total area of the Region, and about 1.6 million 
people, or about 90 percent of the total population 
of the Region, are served by the 72 publicly owned 
water utilities existing in the Region. Urban develop- 
ment located east of the subcontinental divide, which 
traverses the Region, can utilize both Lake Michigan 
and the two underlying ground aquifers as a source of 
supply. Urban development west of that divide must 
depend primarily upon the two groundwater aquifers. 
Gas and electric power services can be considered readily 
available throughout the Region, and therefore do not 
constitute a major constraint on the location or intensity 
of urban development within the Region. 

Transportation facilities provide a relatively high level 
of service throughout the Region, with the extensively 
developed high-speed, all-weather highway system having 
had an important influence on the spatial location of 
urban development within the Region in the recent past. 
This influence has, however, been significantly modified 
by the location within the Region of such natural 
resources as lakes, streams, woodlands, and fertile farm- 
lands. Intercity bus service is provided between the 
various communities within the Region, and urban mass 
transit service is provided in the Milwaukee, Racine, and 
Kenosha urbanized areas. The only remaining scheduled 
rail passenger services in the Region consist of the 
National AMTRAK service operated over the lines of 
the Chicago, Milwaukee, St. Paul & Pacific (Milwaukee 
Road) Railroad Company between Chicago, Sturtevant, 
Milwaukee, and points west; and Chicago-oriented com- 
muter service operated by the Chicago & Northwestern 
Railway from the City of Kenosha and the Village 
of Walworth. 

Climate 
Climate, especially the extreme variations in the principal 
elements of climate-temperature, precipitation, and 
snow cover--directly affects water quality management, 
as well as the growth and development of an area. 
Climate determines to  a large extent the recreational 
interests and pursuits that can be followed by residents 
of an area; has important economic implications affecting 
the kinds of agricultural crops which can be produced, as 
well as the yields; and affects the design of buildings and 
structures of various kinds and the cost of operating and 
maintaining both private and public facilities and services. 



The Region has a continental-type climate characterized 
primarily by a continuous progression of markedly 
different seasons and a large range of annual temperature, 
and by frequent distinct changes in weather conditions 
which, particularly in the winter and spring, normally 
occur once every two or three days. Air temperatures 
within the Region are subject to great seasonal change 
and yearly variation as well as diurnal variations and 
influence many of the chemical processes which occur 
in the lakes and streams of the Region. The annual 
temperature range, which is based on monthly means for 
six geographically representative weather observation 
stations, extends from a monthly average daily minimum 
of about 2 1 ' ~  in January to a monthly average daily 
maximum of about 71°F in July. The growing season 
averages about 165 days, with the last frost of spring 
occurring in late April or early May and the first frost 
of fall occurring in mid-October. 

Based on precipitation and snowfall data for eight geo- 
graphically representative observation stations in and 
near the Region, the average annual total precipitation is 
31.3 inches expressed as water equivalent, with monthly 
averages ranging from a February low of 1.19 inches 
to a high of 3.77 inches in June. Snow cover is most 
likely in southeastern Wisconsin during the months of 
December, January, and February and averages about 
44.5 inches annually. 

Air Quality 
Air quality is not only a particularly important deter- 
minant of the overall quality of the environment for life 
in an area but has important direct and indirect affects 
on water quality. Air always contains foreign matter 
in the form of smoke, soot, dust, fly ash, fumes, mists, 
odors, pollens, and spores, which through the atmos- 
pheric fallout and washout may directly affect surface 
water quality. Although some of the foreign particulate 
and gaseous matter in air is contributed by natural 
sources, much is contributed by man from such activities 
as land cultivation, heat and power generation, industrial 
processes, transportation movements, and waste burning, 
including incineration of wastes produced by wastewater 
treatment facilities. Urbanization tends to intensify the 
contribution of air pollutants from human activities 
because it tends to concentrate pollutant sources. When 
the level of pollutants in the ambient air becomes so 
severe as to seriously and adversely affect health and 
property, an air pollution problem exists. Because of 
the direct and indirect linkages involved, air and water 
quality management programs must be conducted in 
a coordinated, if not integrated manner. 

Five major pollutants have been identified as having 
significant adverse effects on human health and prop- 
erty: particulate matter, sulfur dioxide, carbon dioxide, 
nitrogen dioxide, and ozone. A sixth pollutant, hydro- 
carbons, may under certain atmospheric conditions 
contribute t o  the formation of ozone, which has an 
adverse effect on human health and property, is con- 
sidered a pollutant. Commission studies indicate that 
national ambient air quality standards, as established 
by the U. S. Environmental Protection Agency for 

particulate matter, carbon monoxide, sulfur dioxide, 
nitrogen dioxide, and photochemical oxidants, are 
presently exceeded or have a potential for being exceeded 
in the most highly urbanized areas of the Region--the 
central portions of the Milwaukee, Racine, and Kenosha 
urbanized areas. The major sources of pollutants con- 
tributing to air pollution in the Region are transportation 
movement, industrial processes, and power generation, 
with the concentration of the air pollutants in the atmos- 
pheric being directly related to  the intensity of urban 
development. The abatement of air pollution within the 
Region through planning and implementation programs 
currently underway, especially with respect to  particulate 
matter, should assist in improving surface water quality. 
The fallout and washout of particulate matter may con- 
tribute significant amounts of nutrients, particularly 
phosphorus, to surface waters, together with other 
potentially hazardous materials, such as heavy metals 
and exotic chemicals. 

Physiography and Geology 
The land forms and physical features of a planning area, 
including the topography and drainage pattern, are 
important determinants of regional growth and develop- 
ment. The physiography of an area must, therefore, be 
considered in any water quality management planning, 
as well as in comprehensive land use planning. Certain 
physiographic features are particularly important to 
water quality management planning, including the 
topography, subsurface geology, surface drainage pattern, 
and soils. 

The Southeastern Wisconsin Planning Region is located 
in the upper Midwest between Lake Michigan on the east, 
the Green Bay-Lake Winnebago lowlands on the north, 
the Rock River basin on the west, and the low dunes and 
swampland at the headwaters of the Illinois River on the 
south. The seven-county Region extends for approxi- 
mately 52 miles from east to west at its widest point, 
and approximately 72 miles from north to south. The 
Region encompasses approximately 2,621 square miles 
of land area and 68 square miles of inland water area 
exclusive of Lake Michigan, for a total gross land and 
water area of approximately 2,689 square miles, or 
1,720,000 acres. Topographic elevations range from 
approximately 580 feet above sea level at the Lake 
Michigan shore to about 1,320 feet above mean sea 
level at Holy Hill in southwestern Washington County. 
The Region lies astride a major subcontinental divide 
between the upper Mississippi River and the Great Lakes- 
St. Lawrence River drainage basins. Glaciation has largely 
determined the physiography and topography as well 
as the soils of the Region. There is evidence of four major 
stages of glaciation in the Region, the last of which, the 
Wisconsin stage, terminated about 11,000 years ago, and 
was the most influential in terms of present physiography 
and topography. 

The dominant physiographic and topographic feature 
is the Kettle Moraine, an interlobate glacial deposit, 
or moraine, formed between the Green Bay and Lake 
Michigan tongues, or lobes, of the continental glacier 
which moved in a generally southerly direction from its 



point of origin in what is now Canada. Topographically 
high points in the Kettle Moraine include areas around 
Lake Geneva in Walworth County, areas in southwestern 
Waukesha County north of Eagle, areas in central Wau- 
kesha County around Lapham Peak, and areas around 
Holy Hill and Hartford in southwestern and western Wash- 
ington County. The Kettle Moraine, which is oriented in 
a general northeast-southwest direction across western 
Washington, Waukesha, and Walworth Counties, is a com- 
plex system of kames, or crudely stratified conical hills; 
kettle holes marking the site of glacial ice blocks that 
became separated from the ice mass and melted to form 
depressions; and eskers, consisting of long, narrow ridges 
of drift deposited in abandoned drainageways. It forms 
some of the most attractive and interesting landscapes 
within the Region, as well as being the area of the highest 
elevation and the area of greatest local elevation differ- 
ence, or relief, within southeastern Wisconsin. The Kettle 
Moraine of Wisconsin, much of which lies within the 
Region, is considered one of the finest examples of 
glacial interlobate moraine in the world. Because of its 
still predominantly rural character and its exceptional 
natural beauty, the Kettle Moraine and the surrounding 
area is and may be expected to  continue to be subjected 
to increasing pressure or urban development. 

The remainder of the Region is covered by a variety of 
glacial land forms and features, including kames, ground 
moraine or heterogeneous material deposited beneath the 
ice; recessional moraines consisting of material deposited 
at the forward margins of the ice sheet; lacustrine basins, 
or former lake sites; outwash plains formed by the action 
of flowing glacial meltwater; eskers, or elongated mean- 
dering ridges of crudely stratified waterlain sand and 
gravel deposits; and drumlins, or elongated mounds of 
drift molded by and parallel to the advancing glacier. 
Glacial land forms are of economic significance because 
some are prime sources of sand and gravel for highway 
and other construction purposes. Many of the larger 
topographic depressions of the Region, including the 
kettle holes, have developed into the numerous lakes 
which dot large areas of western Washington, Waukesha, 
and Walworth Counties, and which are becoming increas- 
ingly popular both as recreational areas and as centers 
for residential development. 

Regional surface drainage is characterized by a disordered 
dendritic pattern, primarily because of the heterogeneous 
nature of the glacial drift. There is a preponderance of 
ponds and lakes, and much of the Region is covered by 
wetlands, with many streams being mere threads of 
water through those wetlands. A major subcontinental 
divide, which bisects the planning region such that 
1,685 square miles, or 63 percent of the Region, drain 
toward the Mississippi River while 1,004 square miles, 
or 37 percent of the Region, are tributary to the Great 
Lakes-St. Lawrence River drainage basin, determines the 
gross surface water drainage pattern and also creates 
certain legal and water use problems. 

The surface water drainage pattern of southeastern 
Wisconsin may be further subdivided so as to  identify 
11 individual watersheds, five of which-the Root River, 

Menomonee River, Kinnickinnic River, Oak Creek, and 
Pike River watershedsare wholly contained within 
the Region. In addition to the 11 watersheds there 
are numerous small catchment areas contiguous to 
Lake Michigan that are drained directly to  the lake 
by small natural streams and artificial drainways. These 
areas may be considered as comprising a twelfth water- 
shed. The surface drainage pattern and location of 
watershed boundaries are particularly pertinent to the 
areawide water quality management plan since emphasis 
on in-watershed solutions is one of the five basic prin- 
ciples formulated under the areawide water quality 
management planning program. 

The glacial drift of southeastern Wisconsin is underlain by 
bedrock formations of the Cambrian through Devonian 
periods that dip gently down toward the east at a slope 
on the order of 20 feet per mile, and attain a thickness 
in excess of 1,500 feet beneath the eastern boundary of 
the Region. The bedrock of the Region is, for the most 
part, covered by deep, unconsolidated glacial deposits, 
attaining a thickness in excess of 500 feet in some buried 
preglacial valleys. Bedrock lies within 20 feet of the 
ground surface within areas of the Region which together 
total only about 150 square miles in extent, and a few 
localized areas exist where the bedrock is actually 
exposed at the surface. These shallow drift areas and 
rock outcrops tend to occur in Washington and Waukesha 
Counties along a northeasterly-southwesterly alignment 
generally paralleling the interlobate Kettle Moraine, and 
reflect the presence of a preglacial ridge. Sand and gravel, 
dolomite building stone, and organic material are the 
three principal mineral and organic resources in the 
Region that have significant commercial value as a result 
of their quantity, quality, and location. 

Soils - 
A wide variety of soil types have developed in south- 
eastern Wisconsin as a result of the interaction of parent 
glacial deposits covering the Region; the resulting topog- 
raphy; the climate; the plants and animals; and time. 
Under a soil survey conducted for the Commission by the 
U. S. Soil Conservation Service, all the diverse soil types 
of southeastern Wisconsin have been mapped; their 
physical, chemical, and biological properties identified; 
and interpretations of these properties made for planning 
purposes. The soil survey data and interpretations indi- 
cate that approximately 716 square miles, or about 
27 percent of the total area of the Region, are covered 
by soils that are poorly suited for residential develop- 
ment with public sanitary sewer service; approximately 
1,637 square miles, or about 61  percent of the total area 
of the Region, are covered by soils that are poorly suited 
for residential development without sanitary sewer 
service on lots smaller than one acre in size; and about 
1,181 square miles, or approximately 44 percent of the 
total area of the Region, are covered by soils that are 
poorly suited for residential development without public 
sanitary sewer service on lots one acre or larger in size. 

Woodlands and Wetlands 
Historically, vegetational patterns in southeastern Wis- 
consin were determined by natural factors such as climate, 



soil types, fire, topography, and drainage characteristics. 
Since his settlement of the Region, however, man has 
increasingly influenced the quantity and quality of 
woodland, wetland, and aquatic vegetation. Woodlands 
in the Region in 1970 covered a total area of about 
125,300 acres, or approximately 7 percent of the total 
area of the Region, with more than 91,700 acres, or 
73 percent, being located in Walworth, Washington, and 
Waukesha Counties. Milwaukee County, with about 
3,200 acres of woodlands, had the smallest amount of 
any county in the Region. In addition to commercial 
value, woodlands have significant environmental value, 
limiting runoff and promoting infiltration and attendant 
groundwater recharge, contributing oxygen to the atmo- 
sphere, and otherwise assisting in limiting air and water 
pollution. In addition, woodlands have significant wildlife 
habitat and aesthetic value when viewed in conjunction 
with the beauty of the Region's lakes, streams, and glacial 
land forms. 

Water and wetland areas in the Region in 1970 covered 
about 181,000 acres, or about 11 percent of the total 
area of the Region, with more than 124,500 acres, or 
69 percent, being located in Walworth, Washington, and 
Waukesha Counties. Of the total water and wetland 
category only 48,000 acres, or 27 percent, actually 
consisted of surface water. The remaining 132,800 acres 
consisted of swamps, marshes, and other wetland areas. 
Large amounts of surface water areas are located in 
northwestern Waukesha County, southern Walworth 
County, and southwestern Kenosha County, while con- 
centrations of wetland areas occur in the Cedarburg Bog 
in Ozaukee County, the Jackson and Theresa marshes 
in Washington County, and the Menomonee Falls and 
Vernon marshes in Waukesha County. Wetlands attenuate 
peak flood flows, help to  protect stream and lake water 
quality by serving as nutrient and sediment traps, and 
provide important wildlife habitat and aesthetic value. 

Fish and Wildlife Resources 
Most of the major lakes in southeastern Wisconsin and 
many of the perennial streams are capable of supporting 
significant fish populations under existing conditions. 
However, a regional decline in lake and stream water 
quality may be expected to continue in the absence of 
the adoption and implementation of a sound areawide 
water quality management plan. Dominant fish species 
of importance to  the fisheries of the Region include, 
among others, bluegills, largemouth bass, northern pike, 
walleye, bullhead, black crappie, yellow perch, and carp. 

Inventories of the lands and inland waters of the Region 
known to be inhabited by various forms of wildlife were 
carried out by the Wisconsin Department of Natural 
Resources in the Southeastern Wisconsin Regional Plan- 
ning Commission in 1963 and again in 1970. Based on 
these inventories, wildlife habitat areas in 1970 covered 
about 259,800 acres, or about 15  percent of the total 
area of the Region. The overwhelming majority of this 
area, more than 192,500 acres, or 74 percent, was located 
in Walworth, Washington, and Waukesha Counties. From 
1963 to 1970 about 1,300 acres of wildlife habitat areas 
were lost primarily to  urban development. If the remain- 

ing wildlife habitat areas in the Region are to  be preserved, 
the woodlands, wetlands, and related surface waters 
together with the contiguous crop and pasture lands 
must be protected from mismanagement and continued 
urban encroachment. 

Surface Water Resources 
Surface water resources, consisting of lakes, streams, and 
associated floodlands, form the singularly mbst important 
element of the natural resource base of the Region. The 
water resources perform multifaceted functions including 
the support of numerous, popular water-oriented recrea- 
tional activities; provision of habitat for fish and wildlife; 
provision of desirable sites for vacation homes and 
permanent residential development; and provision of 
water for domestic, municipal, and industrial water use. 
The Region contains 1,118 linear miles of perennial 
streams and 100 major lakes having a surface area of 
50 acres or more. The latter have a total surface area 
of 57 square miles, or about 2 percent of the total area 
of the Region, and a total shoreline length of 448 miles. 
There are an additional 228 lakes and ponds in the 
Region having a surface area of less than 50 acres. These 
minor lakes have a combined surface water area of 
four square miles, or about 0.15 percent of the total area 
of the Region, and a total shoreline length of 141 miles. 
These surface water resources in general, and many of 
the streams in the Region in particular, are vulnerable 
to pollution because the low flows are small relative to 
existing and probable future municipal treatment plant 
discharges and other waste loadings. 

Commission studies indicate that many of the major lakes 
and many miles of the major streams in the Region are 
being degraded as the result of man's activities to the 
point where they now have, or will in the future have, 
little or no value for recreational purposes, as desirable 
locations for controlled water-oriented residential devel- 
opment, or as aesthetic assets of southeastern Wisconsin. 
In general, the surface waters of the Region may be 
characterized as being highly polluted. 

For planning and regulatory purposes, floodlands are 
defined as those areas of the Region, excluding the 
stream channels and lake beds, that are subject to  inun- 
dation by a 100-year recurrence interval flood event. 
Approximately 7 to 10 percent, or 188 to 269 square 
miles of southeastern Wisconsin, is estimated to lie 
within the inundation limits of a 100-year recurrence 
interval flood event. The 100-year recurrence interval 
flood hazard area has been delineated by the Commission 
along approximately 540 linear miles of major stream 
channel in the Root, Fox, Menomonee, Milwaukee, and 
Des Plaines River watersheds within the Region. This 
delineation serves to identify those portions of the 
Region poorly suited to  urban development because of 
flood hazard, high water tables, inadequate soils, and high 
costs for public utilities and services such as sanitary 
sewerage systems, while at the same time identifying 
areas well suited for much needed open space uses. 
Recommended regional land use development policies 
in general, and areawide water quality management plan- 
ning and development policies in particular, should direct 



urban development to more suitable locations outside 
of the flood hazard areas, reserving those areas for park 
and open space uses consistent with the preservation and 
protection of the underlying natural resource base. 

Groundwater Resources 
Groundwater resources constitute another valuable ele- 
ment of the natural resource base of the Region. The 
groundwater reservoir not only sustains lake levels and 
provides the base flow of the streams within the Region, 
but comprises a major source of water supply for 
domestic, municipal, and industrial purposes. The Region 
is richly endowed with groundwater. Forty-six of the 
67 public water utilities operating within the Region 
utilize groundwater as their source of supply. Together, 
these 46 utilities serve a resident population of about 
190,000 persons, or about 11 percent of the total resi- 
dent population of the Region and 14 percent of the 
resident population served by public water utilities. In 
addition, many major industries in the Region utilize 
groundwater as a source of supply. The aquifers which 
underlie the Region attain a combined thickness in excess 
of 1,500 feet in the eastern portions of the Region, and 
may be divided into three distinct groundwater sources. 
In order from the land surface downward, these are: 
1 )  the sand and gravel deposits of the glacial drift, 2) the 
shallow dolomitic strata of the underlying bedrock, and 
3) the deeper sandstone and dolomitic strata. 

Because of their relative nearness to the land surface and 
their hydraulic interconnection, the first two aquifers 
are commonly referred to collectively as the "shallow" 
aquifer, while the latter is referred to as the "deep" aqui- 
fer. The shallow and deep aquifers are separated by 
a layer of shale which forms a relatively impermeable 
barrier between the two aquifers. While some water is 
recharged to the deep aquifer by vertical movement 
through wells open to both the shallow and deep aquifers 
and by some vertical leakage through the relatively imper- 
meable shale barrier, the principal source of recharge to 
the deep aquifer is precipitation percolating downward 
through glacial deposits into the deep aquifer strata, 
which are in contact with the glacial deposits within the 
Region only in the westerly portions of Walworth and 
Waukesha Counties. This recharge area for the deep 
aquifer within the Region is a long narrow area oriented 
in a generally north-south direction along the western 
edges of Waukesha and Walworth Counties. Groundwater 
in the deep aquifer moves in a generally easterly direction 
from this primary recharge area toward Lake Michigan 
and the major deep well pumping centers of the Region. 
Protection of the quality and quantity of recharge water 
entering the deep aquifer is important to  the protection, 
preservation, and wise use of this economically impor- 
tant resource. 

The shallow aquifer is recharged locally by downward 
percolation of precipitation and surface water. In contrast 
to the deep aquifer, the direction of water movement in 
the shallow aquifer is much more variable and complex. 
Movement occurs from local recharge areas toward 
multiple points of discharge, such as streams, lakes, wet- 
lands, springs, and wells. In comparison to the deep 

aquifer, the shallow aquifer is more susceptible to pollu- 
tion by wastewater because it is nearer both in distance 
and in time to potential pollution sources, thus minimiz- 
ing the potential for dilution, filtration, and other natural 
processes that tend to reduce the detrimental effects of 
pollutants. The potential for groundwater pollution is 
dependent upon such natural factors as the depth to 
groundwater, the type of soils through which the precipi- 
tation and surface water must percolate, the location of 
the recharge areas, and the subsurface geology. Based on 
analyses of these factors, it is estimated that a potential 
for severe groundwater pollution exists over about 
18  percent of the total area of the Region, whereas 
a slight potential exists over about 37 percent of the 
Region. The current quality of groundwater in both 
the shallow and deep aquifers is good. If this groundwater 
is to remain a valuable asset, however, the resource will 
have to be carefully managed to protect its quality as 
well as quantity. 

Environmental Corridors 
One of the most important tasks completed under the 
Commission's initial regional land use planning effort was 
the identification and delineation of what the Commis- 
sion termed "environmental corridors." Such corridors 
are defined by the Commission as elongated areas in the 
landscape encompassing concentrations of the best 
remaining elements of the natural resource base, areas 
which should, therefore, be preserved in essentially 
natural open uses in order to maintain a sound ecological 
balance, protect the overall quality of the environment, 
and preserve the unique natural beauty and cultural 
heritage of the Region. Such corridors by definition 
encompass lakes and streams and associated undeveloped 
shorelands and floodlands; woodlands, wetlands, and 
wildlife habitat areas and areas covered by organic soils; 
areas of rugged terrain and high relief topography, signifi- 
cant geological formations, and physiographic features; 
areas of groundwater recharge and discharge; sites of 
historic scientific and cultural value; potential park and 
open space sites; and significant scenic areas and vistas. 

Primary environmental corridors by definition contain 
three or more of the above-listed elements. Such cor- 
ridors occupy approximately 19 percent of the total 
area of the Region including all of the surface waters, 
undeveloped floodlands, and shorelands, most of the 
best remaining wildlife habitat areas, and the best remain- 
ing potential park and open space sites. The primary 
corridors generally lie along major stream valleys, around 
major lakes, and through the Kettle Moraine area of 
the Region. 

Prime Agricultural Lands 
Agriculture is still the singularly largest land use in the 
Region, occupying more than one million acres of land, 

- - 

or about 60 percent of the total area of the Region. The 
agricultural land use base of the Region declined by 
almost 44,000 acres from 1963 to 1970, or by more 
than 4 percent, with the decline being due primarily 
to the conversion of agricultural land uses to  urban 
land uses as a result of the highly diffused pattern of 
urban development taking place within the Region. Prime 



agricultural lands total about 491,500 acres, or about 
39 percent of all agricultural lands in the Region. 
Between 1963 and 1970 the prime agricultural acreage 
decreased by 8,400 acres, or by about 2 percent. 

A major objective of the Commission's regional land use 
planning efforts has been the preservation in agricultural 
use of the remaining prime agricultural areas of the 
Region. Such areas have been delineated by the Commis- 
sion on the basis of soils; the size of the individual farm 
units and of the aggregate area being fanned; the capital 
invested in irrigation, drainage, and good soil and water 
conservation practices; and the demonstrated ability of 
the areas to  consistently produce higher than average 
crop yields. The preservation of these prime agricultural 
lands is important for economic reasons, as well as to 
ensure the overall wholesomeness of the regional environ- 
ment. The preservation of these areas has particularly 
important implications for water quality management 
planning. The application of good soil and water conser- 
vation practices and the abatement of nonpoint pollution 
from agricultural runoff is dependent in part on the 
stability of the agricultural communities involved. 

EXISTING AND HISTORIC WATER QUALITY 

The term "water quality9'refers to the physical, chemical, 
and biological characteristics of surface water and 
groundwater. Water quality is determined both by the 
natural environment and by the activities of man. The 
development of areawide water quality management 
plans requires the collection of definitive data on the 
existing levels of water quality in the streams and lakes 
of the planning area and an evaluation of the ability of 
those levels to  support existing and proposed water uses. 
The water quality conditions and long-term trends in 
such conditions were analyzed by the Commission from 
data obtained at 87 sampling stations located at strategic 
points on the stream networks of the 12  major water- 
sheds of the Region and available for the period from 
1964 through 1975. (A benchmark stream water quality 
study was conducted by the Commission in 1964 and 
1965, and a continued monitoring effort took place 
over the 1965-1975 decade.) The analyses also sought 
to determine the extent to  which past pollution abate- 
ment programs have been successful in improving water 
quality conditions. 

Des Plaines River Watershed 
In the :Des Plaines River watershed, surface water audi ts  - 
conditions were found to be essentially unchanged over 
the 1965-1975 decade. The water quality of the Des 
Plaines River and Brighton Creek, both intended for 
recreational use and the maintenance of a warmwater 
fishery and other aquatic life, did not meet the water 
quality standards set by the Wisconsin Department of 
Natural Resources (DNR) for dissolved oxygen and fecal 
coliforrn bacteria in 1975. In addition, total phosphorus 
concenitrations were found to  be higher than the recom- 
mendecl level adopted by the Commission. 

Two of the four lakes in the watershed experienced less 
than 3..0 milligram per liter (mg/l) dissolved oxygen 
concentrations in the hypolimnion (lower layer) during 

summer stratification. With regard to  their trophic status, 
Paddock Lake was classified as mesotrophic and Benet/ 
Shangrila Lakes were classified as very eutrophic. For 
Lakes George and Paddock, for which complete chemical 
water quality data were available, the recommended 
levels of water quality with respect to dissolved oxygen 
were not achieved based on sample data collected by the 
DNR and the Commission. 

Fox River Watershed 
In the Fox River watershed, surface water quality con- 
ditions as measured at 12 sampling stations along the 
Fox River main stem were found to  be somewhat 
improved over the 1965-1975 decade. However, stream- 
water quality conditions as a whole did not meet the 
established water use objectives for recreational use 
and the maintenance of a warmwater fishery and other 
aquatic life in 1975. Supporting standards for dissolved 
oxygen, ammonia-nitrogen, and fecal coliform, and the 
recommended level for total phosphorus, were generally 
not met. 

Of the 31  major lakes in the watershed for which water 
quality data were available, 19  exhibited potentially 
anaerobic conditions in the hypolimnion (lower layer) 
in summer sampling. Thirty-five of the major lakes in the 
watershed were classified as to  trophic status: 8 were 
classified as very eutrophic and 2 lakes in the watershed 
were considered to be oligotrophic, with the remaining 
25 being classified as mesotrophic. Of the 22 lakes for 
which complete chemical water quality data were avail- 
able, 1 3  lakes, or 59 percent, did not meet the recom- 
mended water quality level with respect to dissolved 
oxygen, phosphorus, or ammonia-nitrogen based on 
sample data collected by the DNR and the Commission. 

Kinnickinnic River Watershed 
In the Kinnickinnic River watershed, surface water 
quality as measured at the single Commission sampling 
station was found to be essentially unchanged over the 
decade and met the applicable water quality standards 
for restricted use and minimum standards as established 
by the DNR for temperature, dissolved oxygen, pH 
(hydrogen ion concentration), and fecal coliform counts. 
However, the water quality did exhibit degradation as 
measured by dissolved oxygen, chlorides, and fecal coli- 
form over the period since 1964. 

Menomonee River Watershed 
Although remaining generally constant over the decade, 
the water quality of the Menomonee River upstream from 
the confluence with Honey Creek, intended for recrea- 
tional use and the maintenance of a warmwater fishery 
and other aquatic life, did not meet the established water 
quality standards for fecal coliform, dissolved oxygen, 
and ammonia-nitrogen, nor the recommended level for 
total phosphorus in 1975. The water quality of Honey 
Creek and Underwood Creek tributaries also showed no 
significant change over the decade. Both reaches, which 
are designated for restricted use and minimum standards, 
exhibited violations of fecal coliform counts, with Honey 
Creek recording excessive levels during the 1975 sampling 
period despite the industrial use standards applicable to 
these stream reaches which drain generally urban, com- 
mercial, and industrial land uses. 



Milwaukee River Watershed 
The water quality of the Milwaukee River and its major 
tributaries fluctuated as measured by different indica- 
tors between slightly improved, no change, or slightly 
degraded. The overall trend since 1964 indicates a slightly 
degraded water quality condition. In comparing the 
1975 water quality data to the water quality standards 
as adopted by the DNR, dissolved oxygen and fecal coli- 
form counts were found not to satisfy the minimum 
standards for recreational use and the maintenance 
of a warmwater fishery and other aquatic life set for 
the reaches of the Milwaukee River and its tributaries 
upstream from the North Avenue dam, nor the standards 
for fecal coliform for restricted use set for the reaches 
of the main stem of the Milwaukee River downstream 
from the North Avenue dam and for Lincoln Creek. 
In addition, total phosphorus levels were generally found 
to  be significantly higher than the recommended level 
adopted by the Commission. 

Of the 12  major lakes located within the Milwaukee River 
watershed within the Region, dissolved oxygen profiles 
were available on seven. All of these exhibit potentially 
anaerobic conditions in the hypolimnion (lower layer) 
during summer. Four of the major lakes were classified 
according to  their trophic status: Silver Lake as oligo- 
trophic, Big Cedar and Little Cedar Lakes as mesotrophic, 
and Mud Lake as very eutrophic. Of the four major lakes 
within the watershed for which complete chemical water 
quality data were available, only Mud Lake exhibited 
conditions which conformed to the recommended water 
quality standards, set forth in Volume Two, Chapter I1 of 
this report, used in the areawide water quality manage- 
ment planning program. Excessive levels of phosphorus, 
inorganic nitrogen, or ammonia-nitrogen were noted in 
the other three lakes. 

Minor Streams Directly Tributary to Lake Michigan 
The largest of the minor streams draining directly to 
Lake ~ i c h i ~ a n  include Barnes Creek, pike creek,-and 
Sucker Creek. In the Barnes Creek subwatershed, water 
quality conditions were found to  be essentially unchanged 
over the past decade. The 1975 water quality conditions 
in the creek, which is intended for restrictive use and 
minimum standards, met the water quality standards for 
temperature, pH, dissolved oxygen, ammonia-nitrogen, 
and fecal coliform. 

In the Pike Creek subwatershed, the observed dissolved 
oxygen levels a t  the single sampling station indicate 
essentially unchanged water quality conditions over the 
past decade; however, fecal coliform counts and chloride 
levels showed slight decreases. Although the water quality 
did not change significantly over the decade, the applic- 
able standards for recreational use and the maintenance 
of a warmwater fishery and aquatic life were not met 
with respect to  fecal coliform counts and dissolved 
oxygen in 1975. In addition, total phosphorus concentra- 
tions were in violation of the Commission's recom- 
mended standard of 0.1 milligram per liter (mg/l). 

Improvements were noted at the sampling station in the 
Sucker Creek subwatershed for dissolved oxygen and 
chloride levels, indicating improvements in water quality 

conditions over the decade. Fecal coliform counts, on the 
other hand, were found to have increased, and phos- 
phorus levels remained in excess of the recommended 
levels. Sucker Creek exhibited substandard conditions 
for recreational use and the maintenance of a warmwater 
fishery and aquatic life with respect to  fecal coliform, 
dissolved oxygen, and total phosphorus. 

Oak Creek Watershed 
In the Oak Creek watershed, surface water quality 
conditions were measured at two sampling stations 
on the Oak Creek main stem and were found to have 
slightly degraded over the decade for all parameters 
except fecal coliform levels, which were somewhat 
improved. The total phosphorus levels observed during 
the 1975 sampling period were found to be in excess 
of the level recommended to  avoid the stimulation of 
undesirable growth of aquatic plants; and the dissolved 
oxygen, ammonia-nitrogen, and fecal coliform levels did 
not meet the applicable water quality standards for 
recreation and the maintenance of a warmwater fishery 
and other aquatic life. The downstream station generally 
exhibited better water quality than that of the upstream 
sampling station. 

Pike River Watershed 
Two samvline stations on the Pike River and two sam- 
pling stagonsvon Pike Creek of the Pike River watershed 
were monitored as part of the Commission's continuing 
water quality monitoring program. The sampling on Pike 
Creek indicated that fecal coliform, pH, temperature, and 
dissolved oxygen standards designated for restricted use 
and minimum standards were being met in 1975, with 
dissolved oxygen levels indicating that the water quality 
of the Pike River had improved slightly over the decade. 
The chloride and fecal coliform levels showed general 
improvement over the decade at both sampling stations 
on the main stem except during sampling periods which 
followed significant precipitation events. The main stem 
of the Pike River, which is designated for recreational 
use and the maintenance of a warmwater fishery and 
aquatic life, exceeded the standards for dissolved oxygen, 
ammonia-nitrogen, fecal coliform bacteria, and total phos- 
phorus. High levels of total phosphorus were recorded 
at all stations in 1975. 

Rock River Watershed 
Water quality conditions in the major tributaries of the 
Rock River within the Region were monitored under the 
Commission's continuing water quality monitoring effort 
at 13  sampling stations-8 in the Upper Rock River sub- 
watershed and 5 in the Lower Rock River subwatershed 
within the Region. The Bark and Ashippun Rivers showed 
no significant change in water quality conditions over the 
decade. No significant change was observed in the water 
quality of the Rubicon River except at the sampling 
station located downstream from the City of Hartford 
sewage treatment plant, where sewage treatment plant 
improvements completed in the summer of 1973 were 
reflected in improved dissolved oxygen levels. Water 
quality conditions in the Oconomowoc River showed no 
change except at the sampling station located down- 
stream from the City of Oconomowoc's old sewage 
treatment plant, where increased loadings from the plant 



were reflected in decreased water quality conditions. 
Whitewater Creek showed a slight improvement in fecal 
coliform counts over the decade. The water quality of 
Jackson Creek and Turtle Creek exhibited some degrada- 
tion over the decade as measured at the sampling stations 
located downstream from the City of Elkhom and the 
City of Delavan sewage treatment plants. In general, the 
water quality of the Rock River tributaries lying within 
the Region, which are designated for recreational use and 
for the maintenance of a warmwater fishery and other 
aquatic life, with the exception of portions of Jackson 
Creek, did not meet the water quality standards for 
dissolved oxygen, ammonia-nitrogen, and fecal coliform 
counts, and frequently exhibited concentrations of total 
phosphorus significantly exceeding the level recom- 
mended for the avoidance of nuisance aquatic growth. 
That reach of Jackson Creek, located one mile upstream 
from sampling station Rk-11, which is designated for 
marginal aquatic life, recreational use, and minimum stan- 
dards, was not in compliance with the prescribed dissolved 
oxygen and fecal coliform standards. In addition, high 
concentrations of ammonia-nitrogen at stations on Jack- 
son Creek and at the Delavan Lake outlet were observed. 

Of the 38 major lakes in the Rock River watershed, all 
exhibited the potential for anaerobic conditions in the 
hypolimnion (lower layer) during the summer, with 
attendant adverse effects on fish and other aquatic life. 

Twenty-four of the lakes were rated for their trophic 
status: 5 were rated as oligotrophic, 13 as mesotrophic, 
3 as eutrophic, and 3 as very eutrophic. Of the 21 major 
lakes for which complete chemical water quality data 
were available, all 21 failed to meet the recommended 
levels of water quality with respect to  phosphorus 
and nitrogen. 

Root River Watershed 
In the Root River watershed, the Commission's con- 
tinuing water quality monitoring program included 
sampling at six stations. Water quality conditions as 
measured by fecal coliform within the middle reaches 
of the watershed exhibited improvement as the result 
of abandonment of four sewage treatment facilities 
previously discharging to the streams of the watershed. 
Water quality conditions as measured by chloride load- 
ings and dissolved oxygen levels in the upper reaches 
of the Root River, however, exhibited some decline, 
attributed to  the increased urbanization of the tributary 
drainage area. The improved wastewater management 
practices instituted at the Cooper-Dixon Duck Farms 
were reflected in improved water quality conditions in 
the Root River Canal. Despite these improvements, the 
water quality conditions of the streams of the Root River 
watershed did not meet the applicable water quality 
standards for recreational use and the maintenance of 
a warmwater fishery and other aquatic life for dissolved 
oxygen, ammonia-nitrogen, and fecal coliform, while the 
total phosphorus levels in all the streams were also found 
to be higher than the recommended level. 

Sauk Creek Watershed 
In the Sauk Creek watershed, the continuing water 
quality monitoring program of the Commission included 

the collection of samples at two stations. A slight decline 
in dissolved oxygen levels over the decade, and generally 
stable levels of chloride and fecal coliform concentrations, 
as well as total phosphorus concentrations, indicated 
generally stable water quality conditions within the 
watershed. However, the water quality standards for 
dissolved oxygen, ammonia-nitrogen, fecal coliform 
counts, and total phosphorus concentrations applicable 
for recreational use and the maintenance of warm- 
water fishery and other aquatic life were not met within 
the watershed. 

Sheboygan River Watershed 
Water quality conditions in Belgium Creek in the She- 
boygan River watershed remained essentially unchanged 
over the decade. Those conditions did not meet the initial 
recommended water use objectives and supporting water 
quality standards for marginal use, recreational use, and 
minimum standards for fecal coliform counts. 

General Water Quality in the Region 
In addition to a detailed analysis of specific water quality 
parameters, it is useful in water quality planning t o  
reduce the technical data on water quality to summary 
form. Accordingly, a water quality index, ranging in value 
from 0 to  100 was prepared, based on sample results for 
dissolved oxygen, fecal coliform, pH (hydrogen ion con- 
centration), chloride, nitrate-nitrogen, and total phos- 
phorus. When assessing the average of the water quality 
index ratings for all samples within the Region, no major 
shift in water quality conditions over the decade is indi- 
cated. However, a subtle decline was noted overall in 
spite of observed improvements at 26 stations below 
points of improved or reduced effluent discharge from 
wastewater treatment plants. This conclusion is readily 
observed in the comparison of sample results to  the 
state-adopted water quality standards. Of the total 
459 miles of perennial streams in the Region for which 
water quality data are available, only 88 miles, or 19 per- 
cent, met the adopted DNR water quality standards in 
1975, compared to 164 miles, or 36 percent, in 1964. 
When the Commission's recommended levels for total 
phosphorus are applied to  the 1975 sample results, only 
about 9 miles, or 2 percent of the streams within the 
Region, met existing water quality standards and recom- 
mended criteria. In addition, when the entire data avail- 
ability for the period 1964 through 1975 are considered 
for the total 459 miles of perennial streams monitored, 
only 52.1 miles, or 11.4 percent, met the water quality 
standards adopted by the Wisconsin Department of 
Natural Resources in 1976. When the Commission- 
recommended levels for total phosphorus are applied, 
only 2.5 miles, or 0.5 percent, met the adopted 1976 
standards over the period of sampling. 

When evaluating the 65 major lakes for which trophic 
status ratings were available, 8 lakes, or 12 percent of 
the rated lakes and 1 percent of the rated acreage, are 
rated as oligotrophic; 38 lakes, or 58 percent of the rated 
lakes and 52 percent of the rated acreage, are rated as 
mesotrophic; 6 lakes, or 9 percent of the rated lakes and 
12 percent of the rated acreage, are rated as eutrophic; 
and 13 lakes, or 20 percent of the rated lakes and 29 per- 
cent of the rated acreage, are rated as very eutrophic. 



Only 1 lake for which complete water quality data were 
available, or about 2 percent of the total of 49 such lakes 
and less than 1 percent of the lake acreage, met the initial 
recommended water use objectives, primarily because 
inorganic nitrogen and inorganic phosphorus usually 
exceeded the levels recommended to avoid unnaturally 
high rates of eutrophication in the other 48 lakes. Water 
quality in some of these lakes did not meet the recom- 
mended levels for dissolved oxygen or ammonia-nitrogen, 
further indicating the effects of human activities on the 
lakes. The major lakes also show visual scars of degraded 
water quality. Although natural eutrophication is a con- 
tributing factor, the increased nutrient loadings placed 
on the lakes in the Region due to urbanization and 
increased recreational pressures threaten to  limit the 
recreational and aesthetic values of the lakes. 

Based on water quality data collected from the period 
1964 through 1975, as presented above, degradation of 
southeastern Wisconsin's lakes and streams continues. 
Unfortunately, improved techniques of wastewater treat- 
ment coupled with more stringent regulations governing 
the discharge of effluents into the surface waters over 
the past several years have resulted in only localized or 
marginal improvements on certain reaches of the streams. 
The majority of streams do not meet the applicable 
standards and have declined in quality because of diffuse 
as well as point source pollution, and violations of the 
established streamwater quality standards have become 
more extensive since 1964, when the Commission's 
benchmark survey of streamwater quality was conducted. 

SOURCES OF WATER POLLUTION 

A complete analysis of water pollution problems must 
include the identification of not only the location of 
the pollution sources, but of the type, quantity, and 
characteristics of pollutants contributed and of the 
probable effects of those pollutants on the quality of the 
receiving waters. Accordingly, the Commission undertook 
in 1975 an inventory by watershed of the known sources 
of water pollution within the sevencounty Planning 
Region. The inventory addressed as urban pollution 
sources: municipal wastewater treatment plant outfalls; 
sanitary sewerage system flow relief devices; combined 
sewer outfaus; private wastewater treatment plant out- 
falls; other point sources including industrial wastewater 
outfalls; privately owned, onsite sewage disposal systems; 
and storm water runoff from residential, commercial, 
industrial, extractive, transportation, recreation, and 
construction lands. The inventory addressed as rural 
pollution sources: domestic livestock operations; storm 
water runoff from croplands, pasture lands, and unused 
rural lands; storm water runoff from woodlands; and 
direct atmospheric fallout and washout to surface waters. 

Five pollutants were selected for use in the analyses 
of the kind and amount of pollutants contributed to  
the surface waters of the Region by the above-listed 
19  categories of pollution sources. These five pollutants 
have been historically identified and studied both as 
important pollutants in themselves and as principal 
indicators of the presence of other polluting substances. 
The five specific indicators utilized were: total nitrogen, 

total phosphorus, biochemical oxygen demand (BOD), 
sediment, and fecal coliform organisms. 

As of 1975, there were 61 municipally owned sewage 
treatment plants in operation in the Region. Eight of 
these plants discharged an estimated total of 254 million 
gallons per day of treated effluent directly to  Lake 
Michigan, The remaining 53 plants discharged a total 
of about 39 million gallons per day of treated effluent 
to the streams and watercourses or to  soil absorption 
systems of the inland portions of the Region. In addi- 
tion, 67 private wastewater treatment facilities were 
in operation within the Region. Five of these plants 
together discharged an estimated 1.3 million gallons 
per day of treated effluent directly to Lake Michigan. 
The remaining 63 plants discharged a total of about 
4.1 million gallons per day of treated effluent to the 
streams and watercourses or to soil absorption systems 
of the inland portion of the Region. 

In 1975, there were 619 known sanitary and combined 
sewer flow relief devices in the Region which discharged 
an average of about 5.04 billion gallons of wastewater 
per year directly to the surface waters of the Region, 
including Lake Michigan. Of this total, about 95 sanitary 
and combined sewer flow relief devices discharged about 
880 million gallons per year directly to Lake Michigan, 
with the remaining 524 flow relief devices discharging 
the remaining 4.16 billion gallons to the inland streams 
and watercourses. 

Of the total 619 flow relief devices in operation within 
the Region, 126 were combined sewer overflow outfalls 
discharging an estimated 3.89 billion gallons of raw 
sewage per year in an average of about 52 events per 
year. One hundred and ten of the 619 devices were 
separate sewer bypasses, 40 were relief pumping stations, 
72 were portable pumping stations, and 271 were sani- 
tary and storm sewer crossovers. Of the 353 square miles 
of urban development within the Region served by 
sanitary sewers, about 27 square miles, or 8 percent, 
were served by combined storm and sanitary sewerage 
systems. An estimated total of about 365,200 persons, 
or about 20 percent of the total resident population of 
the Region, resided in this combined sewer service area. 

In 1975, there were a total of 261 industrial establish- 
ments discharging cooling, process, rinse, and wash waters 
directly to  the surface waters of the Region and to Lake 
Michigan through 435 outfalls. Of these, 248 outfalls, 
or about 57 percent, were identified as discharging 
only cooling water. Of the 435 outfalls, 67, or about 
1 5  percent, discharged to Lake Michigan. The remaining 
368 discharged to the inland streams and watercourses 
of the Region. In addition to the 435 outfalls, 16 indus- 
trial facilities discharged effluent through 17 discharge 
points to  soil absorption systems. 

Sanitary wastewater treatment and disposal was also 
provided through an estimated 68,600 privately owned 
onsite sewage disposal systems, including 351 known 
holding tanks and about 44 known mound systems as 
of 1975, with the balance being conventional septic tank 
soil absorption systems. These systems serve a total 



resident population of 246,000 persons, or about 14  per- 
cent of the total resident population of the Region, and 
a total area of about 2,336 square miles, or about 87 per- 
cent of the total area of the Region. 

Diffuse or nonpoint source pollution consists of dis- 
charges that cannot be readily traced to specific discrete 
sources. Such pollution is carried from urban and rural 
areas of the Region to the surface waters by means of 
storm water runoff and snowmelt. As previously noted, 
urban land uses as of 1970 comprised about 387 square 
miles, or about 1 5  percent of the total area of the Region. 
Of this total, residential land uses comprised about 
60 percent of the area in urban use. 

There were 55 known urban storm water drainage sys- 
tems in the Region in 1975. The 48 urban storm water 
drainage systems for which the service areas could be 
delineated encompassed a total tributary drainage area 
of about 180 square miles, or about 7 percent of the 
total area of thetRegion, and about 37 percent of the 
developed urban krea of the Region. These 48 mapped 
systems discharged through a total of 1,358 known storm 
water outfalls. The combined annual average discharge 
from these outfalls was estimated to  total about 22.9 bil- 
lion gallons in an average of about 70 events per year. 

The rural areas of the Region total about 2,200 square 
miles, or about 85 percent of the total area of the Region. 
Based on the Commission 1975 land cover inventory, it 
is estimated that of the total rural land area, about 
45 percent is devoted to clean-tilled row crops, about 
14 percent to  hay production, about 5 percent to  small 
grain production, and about 36 percent to woodlands, 
wetlands, and other open space. In 1975, there were an 
estimated 2,350 domestic livestock raising operations 
located within the Region~perations with 25 or more 
equivalent animal units. Each equivalent unit represents 
the amount of waste contributed by a 1,000 pound dairy 
cow. Of the total operations, 1,050, or about 45 percent, 
were found to be located within 500 feet of a stream, 
lake, or other surface waterbody. 

Based on an analysis of the type, magnitude, and location 
of the known pollution sources, estimates were made of 
the annual contribution of total nitrogen, total phos- 
phorus, biochemical oxygen demand, fecal coliform 
organisms, and sediment to  the waterbodies of the 
Region. These estimates helped to define the nature and 
scope of the water pollution loadings in the Region and, 
when interpreted in light of the current water quality 
conditions and the assimilative capacity of the receiving 
waters, helped to identify alternative pollution control 
measures. Because the loading estimates were expressed 
in terms of total annual loadings, the point sources tend 
to appear to be understated in terms of the importance 
of their impact on surface water quality. The nonpoint 
sources contribute pollution primarily during wet 
weather when streamflows are high, while the point 
sources are active and affect the ambient concentra- 
tions in receiving waters during both high- and low- 
flow conditions. 

Because of the geography of the Region, the estimates 
must be considered with regard to  three principal areas: 
the Region as a whole, that portion of the Region which 
drains to  the inland lakes and streams and thereby 
indirectly to Lake Michigan or to the Mississippi River, 
and that portion of the Region which drains directly to 
Lake Michigan. The direct Lake Michigan contributions, 
as noted above, include pollution from major point 
sources such as the large sewage treatment plants located 
on the Lake Michigan shoreline, which discharge their 
treated effluent directly to  the lake and serve large tribu- 
tary drainage areasareas which may even cross major 
watershed divides, although they do not in any major 
way cross the subcontinental divide. Table 170 sum- 
marizes the significant sources of the annual pollutant 
loads in the major watersheds of the Region, presenting 
those sources which contribute in excess of at least 
10 percent of the total annual load of each pollutant 
within a watershed. Based on these analyses, the fol- 
lowing conclusions can be drawn with regard to  the 
sources of pollution in each of the major watersheds. 
These findings should be considered together with the 
findings of the hydrologic-hydraulic-water quality simula- 
tion analyses set forth in Volume Two, Chapter IV of 
this report. 

Des Plaines River Watershed 
Rural storm water runoff was estimated to be a signifi- 
cant source of nitrogen, phosphorus, oxygen-demanding 
organic matter, and sediment loads in the watershed. 
Livestock were estimated to be a significant source of 
nitrogen, phosphorus, organic matter, and fecal coliform. 
While construction contributed significant proportions of 
phosphorus and sediment, septic tanks were estimated t o  
contribute significant loads of organic matter and fecal 
coliform organisms. 

Fox River Watershed 
Rural land runoff was estimated to be a significant source 
of nitrogen, phosphorus, oxygen-demanding organic 
matter, and sediment. Livestock were estimated to be 
a significant source of nitrogen, phosphorus, organic 
matter, and fecal coliform organisms. In addition, the 
quarrying and aggregate mining operations in the water- 
shed were estimated to be significant sources of phos- 
phorus and sediment. Municipal sewage treatment plants 
were found to contribute a major proportion of the 
phosphorus load. Septic tanks were estimated to be an 
important source of biochemical oxygen demand. 

Kinnickinnic River Watershed 
Combined sewer overflows were estimated to  be a major 
source of nitrogen, phosphorus, biochemical oxygen 
demand, and fecal coliform organisms within this highly 
urbanized watershed. Residential land runoff was esti- 
mated to contribute significantly to  the nitrogen and 
biochemical oxygen demand loadings. The estimated 
nitrogen and sediment loads from transportation land 
uses were also found to be significant, as were the phos- 
phorus and sediment loads from construction activities. 
In addition, industrial discharges were estimated to  be 
a significant source of phosphorus. 
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SIGNIFICANT SOURCES OF ANNUAL POLLUTANT LOADS I N  THE MAJOR WATERSHEDS OF THE  REGION^ 
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Menomonee River Watershed 
Despite the mixed urban and rural land uses in the water- 
shed, rural land runoff was estimated to be a significant 
source of nitrogen and sediment. Transportation land 
uses were estimated to be significant sources of nitrogen, 
organic matter, and sediment. In addition, construction 
was found to be a significant source of nitrogen, phos- 
phorus, and sediment. Combined sewer overflows were 
estimated to  be significant contributors of phosphorus, 
biochemical oxygen demand, and fecal coliform. Impro- 
perly located or malfunctioning septic systems were 
identified as significant sources of oxygen-demanding 
substances in some suburban and rural urban areas of 
the watershed. 

Milwaukee River Watershed 
For the watershed as a whole, rural land runoff and 
livestock were estimated to  be significant sources of 
nitrogen, oxygendemanding organic matter, phosphorus, 
fecal coliform, and sediment. Combined sewer overflows 
and municipal sewage treatment plants were significant 
sources of fecal coliform organisms. In addition, for that 
portion of the watershed within Milwaukee County, 
virtually all of the total annual load of each pollutant can 
be associated with urban sources, including sanitary 
sewerage system flow relief devices, combined sewer 
overflows, and urban storm water runoff. 

Minor Streams Tributary to  Lake Michigan 
Rural land runoff was estimated to  be a significant source 
of nitrogen and sediment in the drainage areas of all three 
of the minor streams directly tributary to Lake 
Michigan-Barnes, Pike, and Sucker Creeks. Similarly, 
construction was found to be an important source of 
phosphorus and sediment in all three drainage areas. In 
Barnes Creek and Pike Creek, both having significant 
urban land uses, septic tanks were estimated to be sig- 
nificant sources of nitrogen, phosphorus, biochemical 
oxygen demand, and fecal coliform in the former and 
of biochemical oxygen demand and fecal coliform in the 
latter. Residential land runoff was estimated to  be 
a significant source of pollution only in the Pike Creek 
drainage area, where organic matter and nitrogen were 
estimated to  be contributed in significant amounts 
from residential land runoff. Livestock operations were 
estimated to  contribute significantly to every pollutant 
except sediment in the predominantly rural Sucker Creek 
drainage area. 

Oak Creek Watershed 
The pollutant loadings in the urbanizing Oak Creek water- 
shed reflect the importance of cropland and other rural 
storm water runoff as significant sources of nitrogen, 
oxygendemanding organic matter, and sediment. Con- 
struction was found to be a significant source of nitrogen, 
phosphorus, and sediment. Septic tanks were identified 
as major sources of both organic matter and fecal coli- 
form organisms. Transportation and residential lands 
were found to be important sources of organic matter. 
fecal coliform organisms, and sediment. The few remain- 
ing livestock operations were also estimated to  contribute 

a significant proportion of the fecal coliform organisms 
in the watershed. 

Pike River Watershed 
Rural storm water runoff was estimated to  be a signifi- 
cant source of nitrogen, phosphorus, oxygen-demanding 
organic matter, and sediment, while livestock operations 
were estimated to  be significant sources of fecal coliform 
organisms. Construction was indicated as an important 
source of phosphorus and sediment, and septic tanks 
were estimated to  be important contributors of organic 
matter, and fecal coliform loads in the watershed. 
Municipal sewage treatment plants contributed most of 
the fecal coliform organisms in the watershed. 

Rock River Watershed 
Cropland and livestock were estimated to be significant 
sources of nitrogen, phosphorus, and organic matter in 
the Rock River watershed, while livestock operations 
contributed the majority of the fecal coliform organisms. 
Storm water runoff from rural lands was estimated to  
contribute the majority of the total sediment loads in 
the watershed. Municipal sewage treatment plants were 
identified as significant sources of phosphorus and co-n- 
struction was an important source of phosphorus and 
sediment in the watershed. 

Root River Watershed 
Rural storm water runoff was estimated to  be a major 
source of all pollutants in the watershed but fecal coli- 
form organisms. Livestock operations were estimated 
to  be significant sources of nitrogen, phosphorus, organic 
matter, and fecal coliform organisms. Septic tanks 
were found to be significant sources of nitrogen, phos- 
phorus, biochemical oxygen demand, and fecal coliform 
organisms. In addition, construction was estimated to  
contribute significantly to the phosphorus and sediment 
loads. Combined sewer overflows were found to  be 
important sources of fecal coliform organisms in the 
lower reaches of the watershed. 

Sauk Creek Watershed 
In this watershed, livestock operations and rural storm 
water runoff were found to be the only significant 
sources of each of the five pollutants. 

Sheboygan River Watershed 
Because it adjoins the Sauk Creek watershed and has 
a very similar mix of land uses, the Sheboygan River 
watershed within the Region was also found to  be 
affected predominantly by livestock operations and 
rural storm water runoff. 

For the Region as a whole in an average year, about 
46 million pounds of nitrogen, 6.7 million pounds of 
phosphorus, 113 million pounds of biochemical oxy en 

5 7  demand, 6.7 million tons of sediment, and 3.2 x 10 
fecal coliform organisms are estimated to  be discharged 
to the inland lakes and streams and to Lake Michigan 
from all sources of pollution within the seven-county 
Region. Of these total estimated amounts, urban sources 
are estimated to  contribute about 43 percent of the 



nitrogen, 66 percent of the phosphorus, 50 percent of the 
biochemical oxygen demand, and 55 percent of the 
sediment loads as well as about 50 percent of the fecal 
coliform pollutant loads. Rural sources are thus estimated 
to contribute about 57 percent of the nitrogen, 34 per- 
cent of the phosphorus, 50 percent of the biochemical 
oxygen demand, 45 percent of the sediment, and about 
half of the fecal coliform pollutant loads. 

The most significant urban point sources of pollution in 
the Region include municipal sewage treatment plants 
with respect to  nitrogen, phosphorus, and biochemical 
oxygen demand, and combined sewer overflows with 
respect to  fecal coliform organisms. Contrary to  popular 
belief, industrial discharges do not constitute a major 
source of urban point source pollution within the South- 
eastern Wisconsin Region as a whole. The largest urban 
nonpoint sources of pollution include transportation and 
construction, the latter particularly with respect to 
sediment and the attendant nutrients. Onsite sewage 
disposal systems also constitute an important source of 
urban pollution loads, particularly with respect to bio- 
chemical oxygen demand and fecal coliform organisms. 

The largest rural sources of pollution are all nonpoint 
sources and include livestock raising operations and 
runoff from cropland. Both are major sources of nutrients 
and biochemical oxygen demand. While livestock raising 
operations constitute the major source of fecal coli- 
form and biochemical oxygen demand pollution and the 
largest phosphorus source, cropland constitutes the major 
source of sediment and nitrogen pollution. 

Although urban point sources contribute a significant 
proportion of the nitrogen, phosphorus, and biochemical 
oxygen demand within the Region as a whole because 
of the diversion of large amounts of treated municipal 
sewage directly to Lake Michigan, urban point sources 
are relatively minor sources of pollution with respect to  
the inland lakes and streams of the Region. For example, 
while urban point sources are estimated to contribute 
32 percent of the nitrogen, 34 percent of the phosphorus, 
and 25 percent of the biochemical oxygen demand within 
the Region as a whole, these same sources contribute 
only 7, 14, and 8 percent of the respective pollutant 
loads to  the inland lakes and streams of the Region. Con- 
versely, these urban point sources are major contributors 
of annual pollution loads to  Lake Michigan, with 95,93, 
and 87 percent of the pollutant loadings, respectively. 

With respect to  the annual pollutant loads to inland lakes 
and streams of the Region, nonpoint sources contribute 
the preponderance of the total annual loads, contributing 
93 percent of the nitrogen, 86 percent of the phosphorus, 
92 percent of the biochemical oxygen demand, 60 percent 
of the fecal coliform organisms, and almost all of the 
sediment. Rural nonpoint sources of pollution are par- 
ticularly important with respect to the inland lakes 
and streams, contributing almost 78 percent of the 
nitrogen, 45 percent of the phosphorus, 63 percent of 
the biochemical oxygen demand, 53 percent of the fecal 
coliform organisms, and 47 percent of the sediment load- 

ings to  these streams, with cropland and pasture lands 
contributing the predominant loads of nitrogen and 
sediment, and livestock operations constituting the 
singularly most important source of phosphorus, bio- 
chemical oxygen demand, and fecal coliform organisms. 

Based upon the Commission's inventories of total annual 
pollutant loads, the following conclusions may be drawn 
about the existing sources of water pollution in south- 
eastern Wisconsin: 

1. Of the total estimated annual pollutant loading 
on the surface waters of southeastern Wisconsin, 
about 28 percent of the nitrogen, 26 percent of 
the phosphorus, 22 percent of the biochemical 
oxygen demand, 7 percent of the fecal coliform 
organisms, and 5 percent of the sediment are 
contributed directly to  Lake Michigan. The 
remaining 72 percent of the nitrogen, 74 percent 
of the phosphorus, 78 percent of the biochemical 
oxygen demand, 93 percent of the fecal coliform 
organisms, and 95 percent of the sediment are 
contributed to  the inland lakes and streams. Of 
this total to inland lakes and streams, the waters 
of the Mississippi River drainage basin received 
an estimated 62 percent of the nitrogen, 61 per- 
cent of the phosphorus, 57 percent of the bio- 
chemical oxygen demand, 37 percent of the 
fecal coliform organisms, and 60 percent of the 
sediment. The remaining inland waters pollutant 
load-38 percent of the nitrogen, 39 percent of 
the phosphorus, 43 percent of the biochemical 
oxygen demand, 63 percent of the fecal coliform 
organisms, and 40 percent of the sediment-was 
contributed to  the inland waters of the Great 
Lakes drainage basin. The majority of the pol- 
lutant loading to the inland waters is from 
nonpoint sources, while the majority of the 
pollutant loading directly to Lake Michigan 
is from point sources. 

2. Based on the estimated annual pollutant loads, 
point sources of pollution do not comprise the 
dominant pollution source for the inland lakes 
and streams of the Region. Point source contribu- 
tions can be expected in the future to  be further 
reduced in their magnitude as a result of local, 
state, and federal requirements; increased expen- 
ditures; and improved wastewater treatment 
technologies. The inventory findings thus indicate 
the importance of the diffuse sources of pollution 
in the Region and support the need to develop 
and implement diffuse source abatement plans 
for both the rural and urban areas of the Region. 
This finding is assessed in more detail for each 
watershed in Volume Two, Chapter IV of this 
report, in which important factors beyond the 
total pollutant load are considered. These factors 
include the spatial distribution of sources within 
the watersheds, the assimilation capacity of the 
watercourses, and the seasonal timing and period 
of the pollutant loading events. 



3. Of the point sources of pollution, the sanitary 
wastewaters discharged from municipal and 
private sewage treatment plants and from sanitary 
and combined sewage flow relief devices together 
constitute the most important sources of pollu- 
tion in terms of the annual contributions of all 
pollutants considered. On a regional basis, indus- 
trial wastewater discharges are only minor sources 
of water pollution contributing from less than 
0.1 percent to about 1.4 percent of the total for 
the five pollutants discussed. These sources can, 
however, constitute important sources of such 
"exotic" substances as poisonous metals and 
dangerous chemicals. For the major watersheds, 
industrial sources are of minor significance, except 
with regard to biochemical oxygen demand and 
phosphorus in the Kinnickinnic River watershed. 
For more localized stream reaches, selected indus- 
trial and municipal waste discharges can be 
expected to be important, and thus the discharges 
are identified individually in Volume Two, Chap- 
ter IV of this report. 

4. Storm water runoff from croplands, pasture, and 
unused rural lands is the largest single contributor 
of nitrogen and sediment to  the inland lakes and 
streams of the Region, and is a significant source 
of phosphorus and biochemical oxygen demand. 
Livestock operations are the largest single source 
of annual phosphorus, biochemical oxygen 
demand, and fecal coliform loads. 

5.  Runoff to inland lakes and streams from urban 
and suburban construction activities is the second 
largest single contributor of phosphorus--the most 
recognized direct cause of eutrophic waters-and 
is the largest urban source of sediment on an 
annual load basis. 

6. Livestock operations and septic systems are 
important diffuse source contributors of fecal 
coliform, and together account for an estimated 
58 percent of the fecal coliform organisms poten- 
tially reaching the surface waters. Improperly 
installed or malfunctioning septic systems are 
important urban sources of surface water pollu- 
tion, especially those in the poorly suited soils 
which predominate the eastern half of the South- 
eastern Wisconsin Region. In addition, flow relief 
devices, which contribute 30 percent of the total 
fecal coliform load to  inland lakes and streams, 
and municipal sewage treatment plants, which 
contribute 10  percent of the total fecal coliform 
load, account for nearly all of the remaining 
nonagriculture-related fecal coliform loads in 
the Region. 

7. The estimated annual loads from the inventoried 
pollution sources indicate that urban sources of 
pollution are predominant in the Kinnickinnic 
River watershed, Menomonee River watershed, 
Barnes Creek subwatershed, Pike Creek sub- 
watershed, and Oak Creek watershed; whereas 

rural sources are predominant in the Des Plaines 
River watershed, Fox River watershed, Milwaukee 
River watershed, Sucker Creek subwatershed, 
Rock River watershed,' Sauk Creek watershed, 
and Sheboygan River watershed. The pollution 
sources in the Pike River and Root River water- 
sheds are about equally divided between rural 
and urban sources. 

These conclusions about total annual pollutant loads are 
further evaluated on the basis of the water quality simu- 
lation modeling analyses in Volume Two, Chapter IV of 
this report. Such evaluation is particularly important with 
regard to the seasonal distribution of these loads and 
their recurrence in relation to storm events and related 
streamflow conditions and with respect to  their spatial 
distribution over the watersheds of the Region. 

LEGAL STRUCTURES AFFECTING 
WATER QUALITY MANAGEMENT 

The legal as well as the physical and economic factors 
affecting water pollution abatement and water quality 
management must be considered in any sound water 
quality planning and engineering effort. An assessment 
of the legal factors involved can serve to  identify poten- 
tial impediments to plan implementation as well as 
opportunities for enhancing such implementation. 
A major objective of the Commission's work programs 
has always been to develop realistic plans which can be 
implemented within the existing institutional structures 
whenever possible. Accordingly, an evaluation and inven- 
tory of those structures and the legal considerations 
involved was conducted. 

The Federal Water Pollution Control Act Amendments 
of 1972 established the basic framework for the federal 
approach to water pollution control. The act establishes 
broad national water use objectives; provides for the 
issuance of pollutant discharge elimination permits; pro- 
vides for the preparation and implementation of water 
quality plans; and provides federal financial assistance to  
local units of government and other selective plan imple- 
mentation agents, including agricultural land managers. 
In addition, the 1972 Amendments provide for the 
enactment of specific effluent limitations applicable to 
all similar point sources of water pollution falling within 
given categories of pollutants. Finally, the Clean Water 
Act of 1977 provides for technical adjustments to sched- 
ules and effluent criteria of the Federal Water Pollution 
Control Act. The 1977 Act, however, leaves unchanged 
the national goal set forth in the Federal Water Pollution 
Control Act Amendments of 1972 of eliminating the 
discharge of pollutants into the navigable waters of the 
United States by 1985, and of achieving water quality 
which is suitable for the maintenance of fish and other 
aquatic life and for use for human recreational activities 
in and on the water by 1983. 

Other federal acts which bear on water quality manage- 
ment include the National Environmental Policy Act, 
the Safe Drinking Water Act, the Coastal Zone Manage- 
ment Act, the Resource Conservation and Recovery Act, 



and the Toxic Substances Control Act. In addition, the 
Consolidated Farm and Rural Development Act, the 
Food and Agriculture Act of 1962, the Watershed Protec- 
tion and Flood Prevention Act, the Water Bank Act, 
and the Soil Conservation and Domestic Allotment Act 
provide for technical and financial assistance to  farm 
land owners and operators in activities related to  water 
resources management. 

At the state level, the responsibility for water pollution 
control is centered in the Wisconsin Department of 
Natural Resources. The establishment of water use objec- 
tives and supporting standards, issuance of pollution 
abatement orders, certification of treatment plant opera- 
tors and sewerage works, review and approval of engi- 
neering plans, and administration of financial assistance 
programs are all delegated to  the Department. Other 
activities vested in various state units of government 
include the establishment of plat approval procedures 
and criteria; creation and support of soil and water con- 
servation district programs; creation of the "Wisconsin 
Fund" to provide financial assistance for both point and 
nonpoint pollution control projects; establishment of 
inland lake protection and rehabilitation districts and 
provision of grants and technical assistance thereto; 
regulation of pesticide use; and general provision of 
educational and technical assistance. 

Four general-purpose local units of government have 
important responsibilities and authorities for water 
quality management in Wisconsin. These include the 
counties, cities, villages, and towns. Eight special-purpose 
units of government also have potential as important 
water quality management agencies. These include soil 
and water conservation districts, public inland lake 
protection and rehabilitation districts, utility districts, 
drainage districts, town sanitary districts, metropolitan 
sewerage districts, and, within the Region, the Milwaukee 
Metropolitan Sewerage District as governed by the joint 
sewerage commissions. 

With regard to  point source control, the legal analyses 
indicate that there exists adequate authority to imple- 
ment various elements of any areawide water quality 
management plan. In addition to general point source 
regulatory authority, the cities, villages, and metropolitan 
sewerage districts have sufficient authority to  convey and 
treat storm water, manage urban waste materials, and 
review plats and enact subdivision control ordinances and 
floodplain ordinances. The issuance of building permits 
and the exercise of broad zoning authority and subdivi- 
sion control ordinances are other important authorities 
in this respect. 

For nonpoint source control, existing agencies have only 
limited implementation and enforcement authority 
within unincorporated areas. However, the cities and 
villages do have sufficient authority to assure that a sound 
nonpoint source pollution abatement program can be 
implemented. The limitations of Chapter 92 of the 
Wisconsin Statutes, and the cumbersome process by 
which local soil and water conservation districts have 
to  proceed in order to establish land management regu- 

lations for unincorporated areas, were identified as 
important potential impediments to  extensive application 
of pollution abatement measures, and to the imple- 
mentation of a nonpoint pollution control program in 
rural areas other than voluntary in nature. Counties 
were found to have important authority for control 
of nonpoint source pollution by means of plat approval, 
building and sanitary codes, shore protection, solid waste 
management, and shoreland and floodplain zoning ordi- 
nance and sanitary ordinance. Civil towns were found 
to have important authority with regard to zoning, 
subdivision regulation, building and sanitary codes, and 
garbage disposal regulation. Inland lake protection and 
rehabilitation districts were found to have extensive and 
necessary authority for watershed management, protec- 
tion, and rehabilitation, but must be considered limited 
with regard to  zoning authority and other land use 
regulation capability. 

In addition t o  their normal legal rights, private citizens 
have explicitly identified roles in water pollution control. 
Riparian rights provide for direct court relief, and non- 
riparians have certain rights to  enjoy the variable waters 
for recreational and other purposes. The statutes in 
Wisconsin provide for citizen action petitions by enabling 
six or more citizens to  file complaints leading to public 
hearings by the Department of Natural Resources on 
alleged or potential acts of water pollution. Private 
citizens may also file suit in United States courts to  
enjoin violation of the Federal Water Pollution Control 
Act and to force federal officials to properly carry out 
any nondiscretionary activity under this Act. 

Basic legal issues of direct concern to areawide water 
quality planning and plan implementation are the abilities 
of any public body to impose limitations upon access to 
main and trunk sewers in order to avoid stimulation of 
unwise land use development that may occur as a result 
of the availability of centralized sanitary sewer service, 
the authority of the State to  regulate sludge management, 
and the availability of mechanisms for review of rates 
and fees charged for intergovernmental sewage service 
contracts. Regarding limitations on sewer connections, 
the Wisconsin Department of Natural Resources has 
long possessed certain authorities to restrict sewer con- 
nections. However, the Department did not have the 
authority to limit such connections for reasons solely 
based on land management criteria until the 1977 Budget 
Review Bill was passed, expanding the criteria of Chap- 
ter 144 of the Wisconsin Statutes to allow for considera- 
tion of the land use recommendations within an adopted 
and approved areawide water quality management plan. 
In addition, cities and villages have authority to limit 
connections to  sewerage systems extending through 
unincorporated areas. Conversely, towns may not demand 
connections to a proposed system as a condition of 
approval for sewer construction. 

The authority of the Department of Natural Resources 
to regulate the management and disposal of sludge was 
also explored as a pertinent legal issue. Through the 
utilization of Wisconsin Statutes Chapter 147 discharge 
permits, the Department was found to possess adequate 



authority to regulate the disposal of sewage sludge. 
A third vital issue analyzed was the development of 
sewage treatment rates and schedules to  assure that 
individuals or contracting municipalities will pay a pro- 
portionate share of any waste treatment services provided. 
The Wisconsin Public Service Commission's statutory 
authority to supervise and regulate public utilities within 
the State is limited. The Public Service Commission does 
not have regulatory authority over sewerage operations, 
since such operations are not included within the statu- 
tory definition of public utilities. The sewer and water 
rates of towns, villages, and cities of the fourth class 
operating a joint utility for the provision of sewer and 
water services may be subjected to the Commission's 
approval. The Public Service Commission may investigate 
complaints and hold a public hearing about unreasonable 
or unjustly discriminatory rates or practices related to 
rates. In the case of rates, rules, or practices which are 
determined to be unreasonable or unjustly discrimina- 
tory, the Commission may determine reasonable rates, 
rules, and practices. It appears that the Public Service 
Commission does not have sewerage rate jurisdiction 
in situations involving joint sewage commissions, or 
intergovernmental sewerage service contracts pursuant 
to Chapter 66.30 of the Wisconsin Statutes. 

FINANCIAL RESOURCES AFFECTING 
WATER QUALITY MANAGEMENT 

The financial ability of implementing agents-including 
both local units of government and private sector 
parties-to carry out water pollution abatement measures 
is an important consideration in any water quality man- 
agement planning effort. The financial feasibility of 
recommended areawide water quality management plans 
depends upon the amounts of public financial resources 
available-including state and federal grants-in-aid-for 
the abatement of water pollution from point sources; the 
private sector financial resources available for the abate- 
ment of industrial wastewater pollution; and both the 
public and private sector financial resources available for 
agricultural water quality management. In addition, for 
the abatement of urban nonpoint source water pollution, 
financial resources must be available in the public sector 
for local units of government to construct the necessary 
pollution abatement facilities or to carry out the neces- 
sary pollution abatement practices. Moreover, the finan- 
cial resources required for pollution abatement must be 
compared to the total financial obligations of the imple- 
menting agent to assure that the proposed actions are 
realistic in light of other financial expenditures necessary 
for the public good. 

Total Local Government Expenditures 
In southeastern Wisconsin the Commission inventories 
indicate that, in 1975, total public expenditures for 
all purposes except schools by local units of govern- 
ment including counties, cities, villages, and towns 
totaled about $1,120 million. Of this total, approxi- 
mately $994 million, or about 89 percent, was for public 
expenditures other than those related to water quality 
management. The remaining $126 million, or about 

11 percent, was estimated to have been expended for 
the development and operation of sanitary sewerage 
systems including debt retirement; urban land manage- 
ment expenditures for activities such as refuse collection 
and disposal, street sweeping, leaf and rubbish pickup 
and disposal, storm sewer cleaning and maintenance, 
snow and ice removal, and street and highway sanding 
and salting; and local water quality sampling and 
enforcement programs, all of which would be related to  
any comprehensive local water quality management 
program. Of the public sector local governmental expen- 
ditures related to water quality management, about 
$62.2 million, or about 49 percent, was related to urban 
land management activities-not including debt retire- 
ment expenditures. The balance of about $63.8 million, 
or about 51 percent of the local governmental water 
quality-related expenditures, including debt retirement, 
was devoted to sanitary sewerage system expenditures. 

As noted, total sanitary sewerage system expenditures in 
the Region were based on a special Commission inven- 
tory, and were estimated at about $63.8 million in 1975. 
In the same year, $7.1 million in state grants was awarded 
for sewerage systems development and construction and 
$6.2 million in federal grants was awarded for sewerage 
system construction in the Region. Of the reported sani- 
tary sewerage system expenditure cost of $63.8 million, 
$19 million, or about 30 percent, was reported as being 
devoted to operation and maintenance expenditures, 
with new capital improvements reported to be about 
$34.3 million, or about 54 percent, and debt retirement 
costs on existing capital structures reported as $10.5 mil- 
lion, or the remaining 16 percent. 

In addition to these public sector point source pollution 
abatement expenditures, significant amounts of pollu- 
tion abatement expenditures had been incurred by the 
industrial sector of the private economy in southeastern 
Wisconsin. Specifically, the U. S. Census data indicate 
that an estimated $32.4 million was expended in 1975 
for such purposes, with $16.1 million, or about 50 per- 
cent, devoted to operation and maintenance costs, 
including user charges paid to local units of government, 
and $16.3 million, or about 50 percent, devoted to 
capital improvements. Industrial cost recovery revenue 
estimates were considered negligible in 1975. Total 
capital and operating expenditures for all purposes by 
the industrial sector was estimated at $7.65 billion, 
indicating that the $32.4 million expenditure in plant 
improvements and operation and maintenance related 
to water pollution control comprised about 0.4 percent 
of the total industrial cash outlay in 1975. 

For agricultural pollution control, it was estimated from 
a special Commission inventory that approximately 
$0.28 'million was expended for capital improvements 
in the private sector in 1975, with federal financial 
assistance totaling $0.19 million. Compared to the total 
agricultural expenditures for all purposes in the Region, 
estimated at $143.5 million, this results in estimated 
water quality-related capital expenditures of about 
0.3 percent of the total cash outlay. 



Water Quality-Related Expenditures 
For the period 1971 to 1975, the water quality-related 
expenditures by all units of government in the Region 
remained relatively stable when adjusted to reflect the 
effects of general price inflation, ranging from a total 
of $119 million in 1971 to $116 million in 1975, not 
including debt retirement as discussed above. Expendi- 
tures by cities and counties as well as expenditures by 
other units of government reflected the reduced sanitary 
sewerage system construction grants-in-aid, while major 
federal grant-in-aid programs were being revised in the 
period following the passage of the 1972 Federal Water 
Pollution Control Act Amendments. In addition, the final 
payments for construction of the South Shore sewage 
treatment plant by the Milwaukee Metropolitan Sewerage 
District through 1973 increased the capital expenditures 
in the first two years of the five-year period evaluated. 

By contrast, excluding the Metropolitan Sewerage Com- 
missions of the City and County of Milwaukee, the 
expenditures by the other units of government for 
water quality management-related items indicate an 
expenditure trend which shows a real increase of about 
$5 million, or about 5 percent over the period 1971 
through 1975, and is largely attributed to increases in 
the provision of general urban services. For the City of 
Milwaukee, total expenditures and water quality-related 
expenditures were found to be declining from 1971 
through 1975, while increases were indicated for the 
other cities in the Region over the time period. Similarly, 
increases were reflected in water quality-related expendi- 
tures over the analysis period for towns and villages. 

Sanitary Sewerage System Expenditures 
Total expenditures in the Region during 1975 for opera- 
tion, maintenance, and capital improvements, including 
debt retirement, for sanitary sewerage systems were 
estimated at $64 million, or about $41 per capita based 
upon the population served by sanitary sewers. Of this 
total about $19 million, or about $12 per capita, was 
expended for operation and maintenance and about 
$45 million, or $29 per capita, was expended for capital 
improvements. Total expenditures ranged from $10 to 
$905 per capita for 1975, while expenditures for opera- 
tion and maintenance ranged from $4 to $200 per capita 
and for capital expenditures from $1 to $705. 

By comparison, the total expenditures for 1970, expressed 
in 1976 dollars for operation, maintenance, and capital 
improvements, including debt retirement, were approxi- 
mately $62 million, or about $42 per capita, with about 
$13 million, or about $9 per capita, expended for opera- 
tion and maintenance and about $49 million, or about 
$33 per capita, expended for capital improvements. Total 
expenditures ranged from $6 to $668 per capita, while 
expenditures for operation and maintenance ranged from 
$2 to $65 per capita and for capital expenditures from 
$2 to $666. 

Local Government Indebtedness 
The potential for local government bonded indebtedness 
within the Region remains sufficient for implementation 
of major public works projects. The local units of govern- 

ment in the Region, including the Metropolitan Sewerage 
District of Milwaukee County, were found to be at an 
average of approximately 18 percent of their potential 
bonded indebtedness, with a total of $424 million in 
municipal bonds outstanding as of 1975. Of this, an esti- 
mated $63.6 million, or 1 5  percent, was represented by 
the long-term outstanding debt of the Metropolitan 
Sewerage District, and all of this was committed on the 
basis of general obligation bonds, with no revenue bank 
issues outstanding. 

CONCLUSION 

The development of necessary and practical recommenda- 
tions for the achievement of water use objectives and 
supporting water quality standards for the inland lakes 
and streams of southeastern Wisconsin requires major 
data collection and analyses efforts. Accordingly, such 
efforts were undertaken as a part of the areawide water 
quality management planning program undertaken by 
the Commission in July 1975 pursuant to federal and 
state mandates and guidelines. This, the first volume of 
the planning report documenting the findings and recom- 
mendations of that planning effort, has set forth the basic 
concepts underlying the study and the factual findings 
of the extensive inventories conducted. More specifically, 
the formulation of sound plans for water quality manage- 
ment requires the collection and analyses of data on 
population, economic activity, land use, public utilities, 
and transportation facilities; on public financial resources; 
on climate, air quality, topography, and soils; on ground- 
water and associated discharge and recharge areas; on 
lakes and stream hydrology and hydraulics; on existing 
water quality conditions; on existing sources of water 
pollution, including all point sources, such as sewage 
treatment plants, industrial wastewater outfalls, and com- 
bined and separate sanitary sewer overflows, and all 
nonpoint sources, such as storm water runoff and runoff 
from the various rural and urban land uses; on the loca- 
tion and capacity of existing pollution control facilities; 
on the state-of-the-art of water pollution control; on legal 
constraints; and on the institutional structures and prac- 
tices relating t o  land and water management. 

The inventory findings depict a Region experiencing very 
modest rates of population growth, but a major internal 
redistribution of population. The relatively modest rates 
of population growth are accompanied by relatively high 
rates of employment growth, increasing labor force 
participation rates, smaller household sizes, and growing 
household incomes. The pattern of urbanization within 
the Region is one of continued diffusion and decen- 
tralization, with new urban development being attached 
to the remaining undeveloped stream and lake shorelines 
and associated floodlands and environmental corridors. 
This diffusion of population, economic activity, and 
urban land uses has been accompanied by declines in the 
population levels of the older central cities and first-ring 
suburbs. The resulting reduction in use of existing utility 
systems and the growing demand for the development 
of new systems have important implications for the 
abatement of both point and nonpoint sources of water 
pollution and for the feasibility and use of centralized 



sanitary sewerage and water supply facilities. Notwith- 
standing this diffusion of urban development, the total 
encroachment of urban uses upon the primary environ- 
mental corridors and prime agricultural lands of the 
Region has been relatively small, with these elements 
of the resource base still largely intact. These lands do 
enhance the overall quality of the environment in the 
Region and the environmental corridor lands particularly 
serve to  protect the water resources from the undesirable 
impacts of human use and urban development. The 
inventories indicate that local units of government are 
exhibiting an increasing willingness to utilize zoning 
powers to preserve and protect environmental corridors 
and prime agricultural lands. As reported in SEWRPC 
Planning Report No. 25, A Regional Land Use Plan and 
a Regional Transportation Plan for Southeastern Wis- 
consin: 2000, Volume One, Inventory Findings, signifi- 
cant progress toward implementation of the regional 
land use plan has been made in the development patterns 
in the Region. However, particularly with regard to  
residential land development, there is no indication of 
firm adherence to the recommended regional land use 
pattern. In light of this, the Commission considered 
a "controlled sprawl" plan alternative for a low-density 
regional development pattern. After public hearings and 
discussion, the Commission rejected that plan in favor of 
a controlled centralization plan for urban development 
in the Region through the year 2000. 

Two of the most important inventories and analyses 
conducted by the Commission in support of the areawide 
water quality management plan effort are reported in 
summary form in this volume. The first is the analysis of 
the existing condition and of long-term trends in the 
condition of water quality in the inland streams and lakes 
of the Region, including a comparison of such conditions 
to the adopted water use objectives and supporting stan- 
dards. The analysis identified both improvements and 
degradation of surface water quality in various portions 
of the Region over the period from 1964 through 1975; 
documented the extent to  which water use objectives and 
supporting standards were being met; documented the 

benefits of point source pollution abatement measures 
taken to date; and indicated the need for further point 
and nonpoint source water pollution abatement efforts. 
A more detailed mesentation of these findings is set forth 
in SEWRPC ~echnical Report No. 17, water Quality of 
Lakes and Streams in Southeastern Wisconsin: 1964-1975. 

The second fundamental inventory and analysis con- 
ducted involved the identification of all known sources- 
both point and nonpoint--of water pollution within 
the Region, and the quantification of the amount and 
characteristics of the pollutants contributed by each 
of these sources. The data were used to estimate by 
watershed the absolute and relative annual contributions 
of five critical major pollutants-total nitrogen, total 
phosphorus, biochemical oxygen demand, sediment, and 
fecal coliform organisms-from each of the sources 
identified. The inventory indicated the importance of 
nonpoint sources of water pollution, as well as the 
continued need to  abate pollution from sewage treatment 
plants, separate sewer flow relief devices, and combined 
sewer overflows, all of which were more routinely consid- 
ered in past water quality management planning efforts. 
Notably, industrial wastewaters were not identified as 
a major source of any of the five pollutants for any of the 
12 major watersheds of the Region. Only for localized 
stream reaches or for toxic or hazardous pollutants for 
which only limited data exist are industrial sources of 
water pollution of critical importance in southeastern 
Wisconsin. A more detailed presentation of these findings 
is set forth in SEWRPC Planning Report No. 21, Sources 
of Water Pollution in Southeastern Wisconsin: 1975. 

The inventory data presented in this volume are used in 
Volume Two of this report as a basis for the forecasting 
of future water quality conditions and for the develop- 
ment of alternative plans to  meet established water 
use objectives, and in Volume Three as a basis for the 
recommendation of selected measures of water pollution 
control in the Region and for the preparation of the 
Environmental Impact Assessment of the recommended 
water quality plan. 
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ROSTERS OF SEWRPC WATER QUALITY MANAGEMENT ADVISORY COMMITTEES 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Harvey E. Wirth State Sanitary Engineer, Division of Health, 

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; 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Delbert J. Cook. Representative, Cedar Creek Restoration Council 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  John Drake .Executive Director, Associated Public Works Contractors 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Tom Eisele. Designee, Lake Michigan Federation 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Philip J. Fogle. .Director, Geneva Lake Watershed Environmental Agency 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Richard M. Franz .Representative, Ecology Association of New Berlin 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  William B. N. Schultz Professional Engineer, Wisconsin Society of Professional Engineers 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  David Sharpe Community Development Agent, University of Wisconsin-Extension 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Arthur C. Swanson Representative, Arrowhead Ecology Club 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Robert J. Thill .Representative, Ozaukee County Farm Bureau 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Mew Thompson Construction Supervisor, Washington County 
Sedimentation and Erosion Control Project 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Howard R. Tietz Representative, Friends of Havenswood 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Joseph C. Waters. .President, Wisconsin Association of Campground Owners 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ray Watz. .Representative, Ozaukee County Farm Bureau 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Kenneth Weddig Representative, Washington County Recreation and Resource Council 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  John A. White. Maintenance Engineer, District 2, Division of Highways, 
Wisconsin Department of Transportation 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Steven Woll .Executive Director, Metropolitan Builders Association of Greater Milwaukee 



 

 

(This page intentionally left blank) 



Appendix B 

ROSTERS OF SELECTED SEWRPC ADVISORY COMMITTEES 

TECHNICAL COORDINATING AND ADVISORY COMMITTEE ON REGIONAL LAND USE-TRANSPORTATION PLANNING 

The Technical Coordinating and Advisory Committee on Regional Land Use-Transportation Planning is divided into several functional sub- 
committees. Members of the committee often serve on more than one subcommittee. The following key identifies the various functional 
subcommittees: 1) Land Use Subcommittee; 2) Highway Subcommittee; 3) Socioeconomic Subcommittee; 4) Natural and Recreation-Related 
Resources Subcommittee; 5) Transit Subcommittee; 6) Utilities Subcommittee; and 7) Traffic Studies, Models, and Operations Subcommittee. 

Stanley E. Altenbern (5). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  President, Wisconsin Coach Lines, Inc., City of Waukesha 
Anthony S. Bareta (3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Director, Milwaukee County Planning Commission 
John M. Bennett (l,4) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .City Engineer, City of Franklin 
Robert P. Birchler (2). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  City Engineer, City of Burlington 
Stephen M. Born (1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Director, State Planning Office, 

Wisconsin Department of Administration 
Richard Brandt (1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Manager, Energy Requirements, Wisconsin Gas Company, City of Milwaukee 
Robert W. Brannan (2.5.7) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Deputy Director, Department of Public Works, Milwaukee County 
Donald M. Cammack (7). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .Chief Planning Engineer, Division of Aeronautics, 

Wisconsin Department of Transportation 
Frederick H. Chlupp (1,4). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Land Use and Park Administrator, Washington County 
Thomas R. Clark (2,5,7). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .Chief Planning Engineer, District 2, 

Division of Highways, Wisconsin Department of Transportation 
Arnold L. Clement (1,2). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Planning Director and Zoning Administrator, Racine County 
Lucien M. Darin (2).  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Director of Public Works, City of Hartford 
Vencil F. Demshar (2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .County Highway Commissioner, Waukesha County 
Russell A. Dimick (2). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .City Engineer, City of Cedarburg 
Arthur D. Doll (1 1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Director, Bureau of Planning, Wisconsin Department of Natural Resources 
William E. Dow. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  District Manager, Network Planning, Wisconsin Telephone Company 
William R. Drew (1,2,3,4,5,6,7) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .Commissioner, Department of City Development, City of Milwaukee 
Raymond T. Dwyer (6) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  City Engineer, City of Greenfield 
James E. Foley (7). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Airport Engineer, Department of Public Works, Milwaukee County 
John M. Fredrickson (1). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Village Manager, Village of River Hills 
Thomas J. Gaffney (2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Traffic Engineer, City of Kenosha 
Arne L. Gausmann (1.2). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Director, Bureau of Systems Planning, 

Division of Planning, Wisconsin Department of Transportation 
Norman N. Gill (1.3) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Executive Director, Citizens Governmental Research Bureau, City of Milwaukee 
Herbert A. Goetsch (2.4.6) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Commissioner of Public Works, City of Milwaukee 
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