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916 NO. EAST AVENUE [ ] P.O. BOX 769 ® WAUKESHA, WISCONSIN 53187 [ ]

Serving the Counties o

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,
2 &t

George C/ Berteau,
Chairman
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Chapter 1

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 govern-
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
southeastern 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 problems all are truly 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 to 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 basic 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 activifies—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, The
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, floodlands—acquired 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 wuse, 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 poliution
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 Commission 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 longrange 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.”1
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.

'Letter from Francis T. Mayo, Regional Administrator,
U. S. Environmental Protection Agency, to L. P. Voight,
Secretary, Wisconsin Department of Natural Resources,
dated March 19, 1973.



Regional Sanitary Sewerage System Planning Program

Recognizing the importance of sanitary sewerage to
regional development, the Commission in 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 Planning Report No. 16, A Regional 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 evolved—at 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
dJanuary 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.
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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 guides have been published by the
Commission: a Land Development Guide (1963); an
Official Mapping Guide (1964); a Zoning Guide (1964);
an Organization of Planning Agencies (1964); a Flood-
land and Shoreland Development Guide (1968); and
a Soils Development Guide (1969). The latter two guides
have particularly important implications for water
pollution control and water quality 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 Planning Programs

Six additional regional planning programs have been con-
ducted by the Commission.? The 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 19742

2For more detailed descriptions of these planning pro-
grams, see SEWRPC Planning Report No. 10, A Compre-
hensive Plan for the Kenosha Planning District; SEWRPC
Planning Report No. 14, A Comprehensive Plan for the
Racine Urban__Planning District; SEWRPC Planning
Report No. 19, A Library Facilities and Services Plan for
Southeastern Wisconsin; SEWRPC Planning Report
No. 20, A Regional Housing Plan for Southeastern
Wisconsin; SEWRPC 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).

38ee “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 of 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 to 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

4See Study Design for the Areawide Water Quality

Planning _and Management Program for Southeastern
Wisconsin: 1975-1977, SEWRPC, July 1975.
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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
required—such 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
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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 to 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)® 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 group®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.

5The 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. 8. representatives. The IJC has two major responsibili-
ties. The first is to approve or reject all proposals 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
or both governments. IJC actions with respect to refer-
ences, which have dealt with a variety of topics including
air and water poliution, are not binding on either of the
two governments. For a detailed discussion of the IJC,
refer to: A Proposal for Improving the Management 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.

8 Detailed 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 Wisconsin State 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
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Rural Lands.”” The principal objectives of the Washing-
ton County Project, as set forth in the funding application
to the U. 8. 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 adescription of the personnel required
and the level of technical assistance needed to
implement a sediment control program using
aregulatory 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.

14

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

U.S, DEPARTMENT
OF TRANSPORTATION

® FEDERAL HIGHWAY ADMINISTRATION

WISCONSIN DEPARTMENT
~ OF TRANSPORTATION

msconsm DEPAR

 OF ADMINISTRATION

THENT

3 INLANG ARk ATER ORIV AL DRleS
® SEWAGE SLUDGE SAMPLE COLLEGTION

# PaseARATION be pREiRE Ik iy
PLANS UNDER SECTION

PRIVATE ENGINEERING FIAMS

)

® SEWAGE SLUDGE SAMPLE ANALYSIS

NG,

LARGE SCALE MAPPING.
FIELO SURVEYING
AERIAL PHOTOGRAPHY.

eoe

ALSTER AND ASSOCIATES, INC.

7 COUNTY SOIL AND WATER
CONSERVATION DISTRICTS
/8 LANO COVER INVENTORY
® LAND MAN)

® soiL

INVENTORY
® LIVESTOCK INVENTORY.

EROSION
INVENTORY

GENEVA LAKE WATERSHED
ENVIRONMENTAL AGENCY.
@ INLAND LAKE WATER QUALITY STUDY.

Source: SEWRPC.

16

CONDITIONS

INTERGOVERNMENTAL TEGHNICAL ADVISORY : i
[commiTTEE ON 4l Projos Sponsor | COMMITTEE ON AREAWIDE WATER CITIZENS ADVISORY:
TREATMENT ITY. QUALITY MANAGEMENT PLANNING  (———| PANELONPUBLIC b — — — — — — — 1
SRR wwomrre:uunmaunnums | PARTICIPATION |
ASSISTANT DIRECTOR MANAGEMENT SYSTEVS LAY o . i
Il
|
I
]
|
|
|
T e |
i i i | CARTOGRAPHIC AND
LAND USE PLANNING " PL DIVISION. SYSTEMS ENGINEERING AND. g i ‘,HI iGN |
AND HOUSING DIVISION. PLANN!NG m:smn & BocidEconbmic hase. CHIEF ENVIRONMENTAL. wmi PROGESSING DIVISION s:mggg‘m;& 0“ c A :
LAND USE DATA AND ANALYSES LICINFORIATION DATA AND ANALYSES' PLANNER DATA PROCESSING SERVICES ~ Bl i
Hirtpeiy & LSGaL mvewton ® FORECAST GROWTH AND CHANGE Prosiem Cobrdiiaior bbb ® BUDGET CONTROL ' rl'r:ngcnwému . |
# increionss saerRe ® PUBLIC FINANCIAL RESOURCES bkt el @ CLERICALsRORY » AEPORT EBTNG AN |
. - PRODUCT ION CONTROL |
|
|
|
|
[Rppu——
|
i i ENVIRONMENTAL PLANNING DIVISION | INTERAGENCY STAFF ASSIGNEES SebciAL CoNSULTANT
STANLEY CONSULTANTS, INC. w ‘; 5‘:":70"55”“'0" SERVICE % wmnwmms arst mvawioRy & PROVIDE LIAISON WITH STATE f&n &l&.lc FAR’;'ICQIVATIC\N
% i Nroo i 4 IVERSITY OF WISCONSIN
AND SLUDGE MANAGEMENT o R o mnuuounpwuln . *”l" " mmmw'mﬂ* EXTENSION SERVICE
o 551% ERGNSURVEY e et PROGRAM ABREGUIRED. 1 1.
o wiemenTanioy smua» . mm " ru.u: INFORMATION # oevcano conple Pun.lé
PREVI
4 mum HoNFOWE souce InvenTonies $ ovos s Ao
INVENTORIES OF SANITARY At .
STORM SEWERAGE SYSTEMS 2 Dovectastamon o
U.S. GEOLOGICAL SURVEY ; # INYENTORYGF CONCURENT - B i
© SURFACE WATER QUALITY ® INVENTORY OF SEWAGE St UDGE & : |
o vonaconr, we. S
. cnoumwnu QUALITY @ WATER QU A . wvskamu'rwmmmm«mn: i
'DATA COLLECTION MODELING SUPPORT SIMULATION MOGEL
® GHOUNDWATER QUALITATIVE AND & WASTE LAKD ALLOGAT
® QUANTITATIVE MAPPING & shresiistionoe aastEnaTe
ATMENT ANS COLLECTIOR ek DS |
. p!vnmmmou OF STOANWATER |
MANAGEMENT NEEDS |
# peTenuivaTIONGR NOPOINT sonc i
: i et
WISCONSIN DEPARTMENT . mnmmon i ANcevAL0smion
CAMP DRESSER AND MCKEE INC. OF NATURAL R!soum:gs ALTERNATIVE PLAI ‘
© SEWAGE SLUDGE MANAGEMENT STUDIES SATRCOLLecHDY

IMPLEMENTATION

ADMINISTRATION

COORDINATING AND
SUPPORT PLANNING STAFF

AND POLICY

RESIDENT PLANNING STAFF

AND CONSULTANTS



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.
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Scheme of Presentation

The major findings and recommendations of the areawide
water quality planning and management program for
southeastern Wisconsin are documented and presented 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-
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mendation of certain of those measures, as well as the
identification of implementing agencies. Following this
introductory chapter, Chapter II sets forth the basic
principles and concepts underlying the areawide water
quality management planning program in the Region.
Chapter III 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 II
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 III 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 deeisions. 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 II of
Volume III presents the recommended plan, synthesized
on the basis of the evaluation of the alternatives set forth
in Volume 2. Chapter III 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 Siudge Management Plan for South-
eastern Wisconsin; Technical Report No. 2, (Revised
Edition), Water Law in Southeastern Wisconsin; Technical
Report No. 6 (Revised Edition), Planning Law in South-
eastern Wisconsin; Technical Report 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
Port Washington-Bayfield Drainage Areas in the Village
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 I

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 to 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 do 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.

It 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 to 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 to 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-
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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
to other land and water use problems. Consequently,
floodland protection, the provision of park and outdoor
recreation facilities that are related to 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 to 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
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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 to 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 to be selected for water and water-related
natural resources planning purposes. Accordingly, the
Commission’s regional planning program embodies
a recognition of the need to 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 to 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 to 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 and 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 QUALITY
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 process 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 costeffective 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
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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
to 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 empbhasis 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 to avoid ‘“‘dead end” solutions
and to provide latitude for continued adaptation
to 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 to 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
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to support its advisory role in assisting local government
units and private investors as they act to 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; to 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 to 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-
cess—a study design—if it is to be logical and consistent.
This study design must specify the facts to be gathered,
define the geographic area to 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 to 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
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adequate sewer service to urbanizing areas, to detailed
standards relating to per capita wastewater flow contribu-
tions. All objectives and standards were carefully reviewed
and adopted by the Technical Advisory Committee.}

Inventory

Reliable planning and engineering data, collected on
a uniform, areawide basis, are essential to the formulation
of workable plans. Consequently, inventory becomes the
first operational step in any planning process, since no
intelligent forecasts can be made or alternatives selected
without knowledge of current conditions affecting the
system under study.

Sound water quality plan formulation requires data on
climate; topography; the hydrologic and hydraulic char-
acteristics of the Region’s lakes and streams, especially
their waste assimilation capacities; existing surface water
quality conditions of lakes and streams; groundwater
conditions and pollution potential and the location of
groundwater discharge and recharge areas; soil capabili-
ties; the kind, location, and intensity of existing and
probable future land uses; population levels and densities;
economic activity levels; public financial resources; the
state of the art of wastewater and sludge management;
the status of implementation of previous water quality-
related plans; identification and review of concurrent
water quality planning and management efforts; com-
munity plans and zoning data; locally prepared sanitary
sewerage facility plans; industrial wastewater sources;
existing and proposed storm water management systems;

It s important to 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 VI of 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 Il 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. To be enforceable,
the standards must have a rigid basis in research findings
and in field experience. By 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. 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
relative merits of alternative long-range plans rather
than criteria to define and monitor the necessary enforce-
able short-term or interim actions which lead to the
ultimate implementation of the selected long-range plan.
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existing and proposed sanitary sewerage facilities; non-
point pollution sources; location and capacity of 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 of prior
publications, use of specially designed questionnaires and
data inventory forms, perusal of agency files, personal
interviews with knowledgeable public officials, meetings
with local residents and urban and rural land managers,
committee meetings of staff and technical advisors, and
field investigations.

Analysis and Forecast

Inventories provide factual information about past and
present situations, but analyses and forecasts are neces-
sary to 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 be determined
from a sequence of interlocking forecasts. Economic and
population forecasts provide estimates of the probable
future growth in the Region, and can be translated into
future demands for land and water use and the attendant
effects on wastewater types and amounts. These demands
can then be scaled against existing pollution control
capabilities, and plans formulated to meet deficiencies.

An especially important consideration in preparing fore-
casts is the plan design period. Other important Commis-
sion planning programs—notably the regional land use
and transportation planning program—bear -critically
upon the selection of this design period for the develop-
ment of an areawide water quality management plan.
The design period utilized for the regional transportation
plan is set by federal guidelines as approximately the
expected life of the first facilities to be constructed in
plan implementation, or the 25-year period from 1975
to the year 2000. It can be argued that the 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 effect irreversible.
But practical considerations, including limitations on the
ability to make the necessary economic and demographic
forecasts, as well as the need to correlate the land use and
supporting facility plan design periods, dictate that the
land use plan design year be scaled to the facility design
year requirement. Coordination and integration of water
quality management planning with land use planning
requires the use of 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 to
the previously determined regional land use forecast and
design periods.

Certain components of sanitary sewerage and storm
water management systems have longer periods of phy-
sical life than the plan design period, however, extending
in some cases to 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.?

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 to this regional water quality management plan.

2The 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
7100-97.

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
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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 II 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
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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 III

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

INTRODUCTION

The seven-county 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

Regional Setting and Political Boundaries

The seven counties which comprise the southeastern
Wisconsin planning Region have a combined area of
2,689 square miles, or about 5 percent of the total area
of Wisconsin. An estimated resident population of
1.8 million persons, or about 40 percent of the State’s

population, however, resides within the seven-county
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 Region." This type of

VIn addition to the 44 legally established, active, town
sanitary and utility districts in the Region, records of the
Wisconsin Department of Natural Resources indicate
other town sanitary or utility districts which apparently
had been formed in the past, but which presently are
either totally inactive or have been supplanted by city
or village utility services. These include in Kenosha
County the Town of Bristol Sanitary District No. 2, the
Town of Pleasant Prairie Sanitary District No. 1, the
Paddock Lake Dells Sanitary District in the Village of

(Footnote 1 continued on next page)
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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 portions 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 small 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 Elkhom, 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 of
Somers; in Milwaukee County the Broson Manor, Hales
Corners, and Lapham-Orchard Sanitary Districts in the
Town of Greenfield, the Lakeside Sanitary District in
the Town of Lake, the First New Deal, Oak View, and
Rowan Estates Sanitary Districts in the Town of Oak
Creek, and the Blue Mound Manor aend Lovers Lane
Estates Sanitary Districts in the Town of Wauwatosa;
in Racine County the Trautwein, West Terrace, Colonial
Heights, Consolidated Town, and Fairlawn Sanitary
Districts in the Town of Mt. 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
of larger, centralized municipal sanitary sewerage systems.
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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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Particularly pertinent to the regional sanitary sewerage system plenning program are special-purpoese units of government that have the capability of providing
sanitary sewer service. There are a total of 44 active, legally established town sanitary or utility districts operating in unincorporated areas of the Ragion, which
together encompass a total area of 116 square miles, or 4 percent of the total area of the Ragion. Many of these districts have been formed to provide sewer service
to lake-oriented urban development. In addition, there are three metropolitan sewerage districts operating in the Region. By far the largest such district is the
Metropolitan Sewerage District of the County of Milwaukee, which includes all of Milwaukee County except the City of South Milwaukee, and which provides
contract services to 138 square miles of area in seven communities adjacent to Milwaukee County in Ozaukee and Waukesha Counties. The other metropolitan
sewerage districts are the Western Racine County Sewerage District which provides conveyance and treatment for sewage generated in a 2.8-square-mile area, which
includes the Villages of Rochester and Waterford and the Town of Rochester Sawer Utility District No. 1; and the Walworth County Metropolitan Sewsrage District
which was proposed in 1975 to serve the Cities of Delavan and Elkhorn, the Delavan Lake Sanitary District and portions of the Towns of Delavan and Geneva.
In addition, the Delafield-Hartland Water Pollution Control Commission plans to construct sanitary sewerage facilities to serve the City of Dalafield, the Villages
Hartland and MNashotah, and portions of the Town of Summit.

Source: SEWRPC. a1
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There are six active, legally constituted drainage districts in the Southeastern Wisconsin Region at tha present time. Of this total, five are agricultural drainage
districts located in Racine and Washington Counties. The remaining district is an urban storm water drainage district in the Town of Mt. Pleasant. Together, these
districts encompass a total area of about 106 square miles, or nearly 4 percent of the total area of the Region. In addition, there are more than 328 square miles

of land throughout the Ragion for which extensive agricultural

drainage improvemants have bean made in the past either through informal agreements between

individual farmars or through now inactive agricultural drainage districts.

Source: SEWRPC.
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As of October 1, 1978, there were 19 Inland Lake Protection and Rehabilita-
tion Districts established in the Southeastern Wisconsin Region. These
districts constitute special-purpose units of government established under
Chapter 33 of the Wisconsin Statutes for purposes of inland lake manage-
ment. Of these, 14 had compieted one-year water quality sampling studies,
as part of the feasibility studies designed to develop measures to abate
pollution and enhance the quality of the lake waters.

Source: Wisconsin Department of Natural Resources and SEWRPC.

understanding of the size, characteristics, and spatial
distribution of this population is basic to that planning
cffort. 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
the population of an area are greatly influenced by
growth and change in economic activity. Population and
economic activity must, therefore, be considered together.

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).

Figure 4

POPULATION LEVELS IN THE REGION, WISCONSIN,
AND THE UNITED STATES: 1850-1975
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Source: U. 5. Bureau of the Census, Wisconsin Department of Administra-
tion, and SEWRPC.

Table 1

POPULATION TRENDS IN THE REGION,
WISCONSIN, AND THE UNITED STATES
SELECTED YEARS: 1850-1975

Rsgion Population
Population as a Percent of
Year | Region Wisconsin | United States |United States | Wisconsin
1850 | 113,389 305,391 23,196,876 0.49 371
1860 | 190,409 775,881 31,443,321 0.61 245
1870 223,546 | 1,054,670 38,658,371 0.58 21.2
1880 277,119 [ 1,315,497 50,155,783 0.55 210
1890 386,774 | 1,693,330 62,947,714 0.61 228
1900 | 501,808 | 2,069,042 75,994 575 0.66 24.2
1910 | 631,161 | 2,333,860 91,972,266 0.69 27.0
1920 | 783,681 (2,632,067 | 105,710,620 0.74 29.7
1930 (1,006,118 | 2,939,006 122,775,046 0.82 34.2
1940 |1,067,699 | 3,137,687 | 131,669,270 0.81 34.0
1950 |1,240,618 | 3,434,575 | 151,325,798 0.82 36.1
1960 |1,573,620 | 3,952,771 | 179,323,175 0.88 39.8
1970 (1,756,086 | 4,417,833 | 203,184,772 0.86 39.7
1975 |1,789,871%| 4,581,700 | 212,796,000 0.84 39.1

AWisconsin Department of Administration Estimates.

Source: U. S. Bureau of the Census, Wisconsin Department of Administra-
tion and SEWRPC.
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Consequently, the regional share of the total national
population increased from 049 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 long-term growth trend in the regional population
has been marked by two phenomena which are of con-
siderable 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 increasingly 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 124 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 was 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
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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 T0-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 387,000 persons, or about 19 percent,
and approximately 225,000 persons, or over 12 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.



POPULATION IN THE REGION BY COUNTY: 1900-1975

Table 2

Population
County 1900 1910 1920 1930 1940 1950 1960 1970 1975
Kenosha . . .. 21,707 32,929 51,284 63,277 63,595 75,238 100,615 117,917 126,651
Milwaukee . . . | 330,017 433,187 | 539,449 725,263 766,885 871,047 1,036,047 1,054,249 1,012,636
Ozaukee . ... 16,363 17,123 16,335 17,394 18,985 23,361 38,441 54,461 64,932
Racine. . .. .. 45,644 57,424 78,961 90,217 94,047 109,585 141,781 170,838 178,916
Walworth. . .. 29,259 29,614 29,327 31,058 33,103 41,584 52,368 63,444 67,511
Washington . . 23,589 23,784 25,713 26,551 28,430 33,902 46,119 63,839 76,579
Waukesha. . . . 35,229 37,100 42,612 52,368 62,744 85,901 158,249 231,335 262,746
Region 501,808 631,161 | 783,681 1,006,118 1,067,699 (1,240,618 1,573,620 1,756,083 1,789,871
Percent Change
County 1900-1910 | 1910-1920 | 1920-1930 | 1930-1940 | 1940-1950 | 1950-1960 | 1960-1970 | 1970-1975 | 1900-1975
Kenosha . . .. 51.7 55.7 23.4 0.5 18.3 33.7 17.2 7.4 483.5
Milwaukee . . . 31.3 245 344 5.7 13.6 18.9 1.8 -4.0 206.8
Ozaukee .. .. 4.6 -4.6 6.5 9.1 23.0 64.6 41.7 19.2 296.8
Racine. . . . .. 25.8 37.5 14.3 4.2 16,5 29.4 20.5 4.7 292.0
Walworth. . . . 1.2 -1.0 5.9 6.6 25.6 25.9 21.2 6.4 130.7
Washington . . 08 8.1 3.3 71 19.2 36.0 38.4 20.0 2246
Waukesha. . . . 5.3 149 229 19.8 36.9 84.2 46.2 13.6 645.8
Region 25.8 242 28.4 6.1 16.2 26.8 11.6 1.9 256.7
Source: U. S. Bureau of the Census, Wisconsin Department of Administration, and SEWRPC.
Table 3
POPULATION GROWTH BY WATERSHED: 1950-1975
Population Percent Change
Watershed 1950 1960 1970 1975 1950-1960 | 1960-1970 | 1970-1975 | 1950-1975
DesPlaines. . ............ 7,707 11,436 14,551 15,811 48.4 27.2 8.7 105.2
Fox .................. 96,077 144,090 195,666 | 225,075 50.0 35.7 15.1 134.3
Kinnickinnic. .. .. ........ 153,286 177,598 173,914 | 165,088 15.9 -2.1 -B.1 7.7
Menomonee . .. .......... 240,006 309,121 344,614 | 336,824 28.8 11.5 -23 40.3
Milwaukee . . .. .......... 428,880 501,390 494,754 | 483,193 16.9 -1.3 -23 12.7
OakCreek .. ............ 18,173 25,431 36,498 39,519 39.9 435 8.3 117.5
Pike .................. 12,903 17,779 23,471 27,800 37.8 32.0 18.4 1154
Rock.................. 49,850 66,842 87,469 97,334 34.1 309 11.3 95.3
Root. ................. 64,066 103,212 141,790 | 152,431 61.1 374 7.5 137.9
Sauk Creek. . .. .......... 4,003 4,980 6,865 7,377 244 37.8 7.5 84.3
Sheboygan.............. 784 1,004 991 1,005 28.1 -1.3 1.4 28.2
Minor Tributaries
Draining to Lake Michigan. . . 164,883 210,737 235,600 | 238,414 27.8 11.8 1.2 446
Regional Total 1,240,618 |1,573,620 | 1,756,083 |1,789,871 26.8 11.6 1.9 443

Source: U. S. Bureau of the Census, Wisconsin Department of Administration, and SEWRPC.
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Figure 6

POPULATION DISTRIBUTION IN THE

REGION BY COUNTY: 1900-1975
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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 15 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. Farm
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.

The occupational status of the population varies con-
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

Percent |Watershed Percent | Watershed Percent | Watershed Percent | Watershed
1950 of as Percent 1960 of as Percent 1970 of as Percent 1975 of as Percent
Watershed County Population |Watershed | of Region | Population |Watershed | of Region | Population |Watershed | of Region | Population | Watershed | of Region
Des Plaines Kenosha . . . 6,275 81.4 9,450 82.6 12,475 85.7 13,668 85.8
Racine. . . .. 1,432 18.6 1,986 174 2,076 14.3 2,243 14.2
Total 7,707 100.0 06 11,436 100.0 0.7 14,551 100.0 0.8 15,811 100.0 0.8
Fox Kenosha . .. 5,298 5.5 9,698 6.7 11,748 6.0 14,097 6.3
Milwaukee . . 4 -8 1 .2 14 -2 14 -2
Racine. . . .. 14,997 15.6 21,109 14.7 26,849 13.7 29,069 129
Walworth. . . 21,922 228 27,694 19.2 31,384 16.1 34,635 15.4
Washington . 4 -a 6 .o 12 -8 14 -2
Waukesha. . . 63,852 56.1 85,572 59.4 125,569 64.2 147,246 65.4
Total 96,077 100.0 7.7 144,090 100.0 9.2 195,566 100.0 11.2 225,075 100.0 12.6
Kinnickinnic Milwaukee . . 163,286 100.0 177,598 100.0 173,914 100.0 165,088 100.0
Total 153,286 124 177,598 | ~ 1.3 173,914 9.9 165,088 9.2
Menomonee Milwaukee . . 225,997 94.2 265,281 85.8 278,833 80.9 266,761 79.2
Ozaukee . .. 615 0.2 1,337 0.4 1,901 0.6 2,026 0.6
Washington . 2,451 1.0 4,578 1.5 7,378 2.1 9,077 2.7
Waukesha. . . 10,943 4.6 37,925 12.3 56,502 16.4 58,960 17.5
Total 240,006 100.0 19.4 309,121 100.0 19.6 344614 100.0 19.6 336,824 100.0 18.8
Milwaukee Milwaukee . . 39534 92.2 449,134 89.6 420,718 85.0 393,559 81.4
Ozaukee . . . 14,340 33 26,135 5.2 37,950 7.7 46,375 9.6
Washington . 19,216 4.5 26,121 5.2 36,086 7.3 43,259 9.0
Total 428,880 100.0 34.6 501,390 100.0 31.9 494,754 100.0 28.2 483,193 100.0 27.0
Oak Creek Milwaukee . . 18,173 100.0 25,431 100.0 36,498 100.0 39,519 100.0
Total 18,173 1.5 25,431 1.6 36,498 2.1 39,519 2.2
Pike Kenosha . . . 6,031 46.7 10,264 57.7 11,213 47.8 13,238 476
Racine. . . .. 6,872 63.3 7,515 423 12,258 52.2 . 14,562 524
Total 12,903 100.0 1.0 17,779 100.0 1.1 23,471 100.0 1.3 27,800 100.0 1.6
Fox Walworth. . . 19,662 395 24,674 37.0 32,060 36.7 32,876 338
Washington . 12,231 245 15,414 23.0 20,363 23.3 24,229 24.9
Waukesha. . . 17,957 36.0 26,754 40.0 35,046 40.0 40,229 413
Total 49,850 100.0 4.0 66,842 100.0 43 87,469 100.0 5.0 97,334 100.0 5.1
Root Kenosha . . . 38 -2 51 -2 62 -2 62 -2
Milwaukee . . 18,5637 29.0 40,380 39.1 63,417 44.7 70,144 46.0
Racine. . . .. 42,342 66.1 54,783 53.1 64,083 45.2 65,914 43.3
Waukesha. . . 3,149 49 7,998 7.8 14,228 10.1 16,211 10.7
Total 64,066 100.0 5.2 103,212 100.0 6.6 141,790 100.0 8.1 152,431 100.0 8.5
Sauk Creek Ozaukee . . . 4,003 100.0 4,980 100.0 6,865 100.0 7,377 100.0
Total 4,003 0.3 4,980 0.3 6,865 0.4 7,377 04
Sheboygan Ozaukee . .. 784 100.0 1,004 100.0 291 100.0 1,005 100.0
Total 784 -8 1,004 .8 991 .8 1,005 -8
Minor Tributaries | Kenosha . . . 57,596 34.9 71,162 33.8 82,419 35.0 85,686 35.9
Draining to Mitwaukee . . 59,726 36.2 78,212 371 80,855 34.3 77,451 325
Lake Michigan Ozaukee . .. 3,619 22 4,985 24 6,754 2.9 8,149 34
Racine. . . .. 43,942 26.7 66,388 26.7 65,572 27.8 67,128 28.2
Totat 164,883 100.0 13.3 210,737 100.0 134 235,600 100.0 134 238,414 100.0 133
Regional Total 1,240,618 100.0 1,573,620 100.0 1,756,083 100.0 1,789,871 100.0

4percen tage less than one-tenth of 1 percent.

Source: U. S. Bureau of the Census, Wisconsin Department of Administration, and SEWRPC.
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Table 5

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

Employed Population 14 Years Old and Over
1960 1970
Occupation Number Percent Number Percent
White CollarWorkers. . .. ... . ... .......... 264,799 41.6 324,609 453
Professional, Technical, and Kindred Workers . . . . .. 67,085 1.0 100,506 14.0
Managers and Administrators, except Farm. . . .. ... 44,692 7.3 49,365 6.9
SalesWorkers . .. ........ ... .. ... ... 46,694 7.6 51,623 7.2
Clerical and Kindred Workers. . . .............. 96,328 15.7 123,215 17.2
Blue Collar Workers. .. .. ...... ... ... . ... .. 260,073 424 257,849 36.0
Craftsmen, Foremen, and Kindred Workers. . .. ... . 97,309 15.9 94,591 13.2
Operatives . . ... couii 137,543 224 136,081 19.0
Laborers,except Farm . . . .. ... . ... .. ... .... 25,221 4.1 27,177 3.8
FarmWorkers. . . .. ... . 11,769 1.9 7,827 1.1
Farmers and Farm Managers. . . . .............. 7,566 1.2 4,604 0.6
Farm Laborersand Foremen . . ... ............ 4,203 0.7 3,223 0.5
ServiceWorkers. . . . ..., .. ... ... 58,438 9.6 85,112 11.9
Workers, except Private Household . . . ... ... .... 50,176 8.2 79,672 1.1
Private Household Workers . ... .............. 8,262 14 5,440 0.8
Occupation Not Reported. . . .................. 27,644 45 41,024 5.7
Total 612,723 100.0 716,421 100.0

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

Figure 7

OCCUPATIONAL DISTRIBUTION OF THE
EMPLOYED POPULATION 14 YEARS OF
AGE AND OLDER IN THE REGION
1960 AND 1970
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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.

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 pollution 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

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



Table 6

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

Employed Population 14 Years Old and Over
Kenosha Milwaukee Ozaukee Racine Walworth Washington Waukesha Region
[¢] Number |Percent| Number | Percent | Number |Percent | Number |Percent | Number | Percent | Number | Percent | Number | Percent | Number | Percent
White Collar Workers. . . . .. .. 17,602 38.5 | 204,937 46.4 10,032 459 | 27,082 411 9,783 38.3 9,197 36.2 45,976 50.8 |324,609 | 453
Professional, Technical,
and Kindred Workers. . . . . . 5,500 12.0 | 61,847 14.0 327 15.0 8,894 135 3,130 123 2,766 109 |15,098 16.7 | 100,506 140
M s and Admi ors,
except Farm. . . .. ...... 2,844 6.2 | 27,406 6.2 2,171 99 | 4,195 64| 2130 8.3 1,612 6.3 | 9,007 99 | 49,365 6.9
SalesWorkers. . . .. ... ... 2,475 54 | 32,960 75 1,632 75 3,826 58 1,286 5.0 1,416 5.6 7.928 8.8 | 61,523 7.2
Clerical and Kindred Workers. . 6,783 149 | 82,724 18.7 2,958 13.56 | 10,167 15.4 3,237 12.7 3,403 134 | 13,943 154 (123,216 17.2
Blue Collar Workers. . . . . . ... 19,297 42,2 11563,225 347 8,071 369 | 26,744 40.5 8,742 342 1121 44.3 | 30,499 33.6 (257,849 36.0
Craftsmen, Foremen,
and Kindred Workers. . . . . . 6,857 15.0 | 54,879 124 2,999 13.7 9,772 148 3,116 12.2 3,891 16.3 | 13,077 144 | 94,591 13.2
Operatives, . . .. ,....... 10,651 23.3 | 81,580 18.5 4,405 201 | 14,299 217 4,623 17.7 6,196 244 | 14427 15.9 {136,081 19.0
Laborers, except Farm . . . . . 1,789 3.9 | 16,766 38 667 3.1 2,673 4.0 1,103 4.3 1,184 46 2,995 33| 27177 38
FarmWorkers. . . . .. ... ... 804 18 680 0.2 830 38 1,176 18 1,700 6.7 1,498 5.9 1,139 1.3 7,827 11
Farmers and Farm Managers . . 506 141 211 0.1 512 2.3 649 1.0 1,008 4.0 984 39 734 08 4,604 0.6
Farm Laborers and Foremen . . 298 0.7 469 0.1 318 15 527 0.8 692 2.7 514 2.0 405 05 3,223 05
ServiceWorkers. . . .. ...... 6,103 13.3 | 63,226 121 1,956 89 8,136 123 3,879 15.2 2,486 9.8 9,326 103 | 85,112 11.9
Workers, except
Private Household. . . . .. .. 5,766 126 | 650,184 114 1,756 80 7.536 1.4 3,627 13.8 2,264 89 8,639 95| 79,672 1.4
Private Household Workers . . . 337 0.7 3,042 0.7 200 09 600 09 352 14 222 0.9 687 0.8 5,440 0.8
Occupation Not Reported . . . . . 1,899 42| 29,254 66 976 45 | 2,860 43 1,418 5.6 972 38 | 3645 40| 41,024 6.7
Total 45,705 | 100.0 |441,322 | 100.0 21,865 | 100.0 | 65,998 100.0 | 25,522 | 100.0 |25,424 100.0 | 90,585 100.0 |716,421 | 100.0
Source: U. S. Bureau of the Census and SEWRPC.
Table 7
PERSONAL INCOME TRENDS IN THE REGION: SELECTED YEARS 1949-1969
Total Income
(Mittions of Dollars) Per Capita Income Per Household Income
Year Actual Constant? Actual Constant® Actual Constant?
1949 $1,660 $2,299 $1,338 $1,858 $ 4,682 $6,487
1959 3,492 3,941 2,219 2,605 7,496 8,460
1969 6,029 5,189 3,433 2,954 11,238 9,671

@ Adjusted 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.

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 dollars.> Measured in constant 1967 dollars, real
per capita income in the Region increased from $1,858 in

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.

3The 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 of price distortion.
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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 freatment user charges.

Table 8

INCOME LEVELS FOR HOUSEHOLDS IN THE REGION BY COUNTY: 1969

Income L@ela
Less Than $3,000 $3,000-4,999 $5,000-6,999 $7,000-9,999
County Number Percentb Number Percent Number Percent Number Percent
Kenosha .. .... 4,720 13.3 3,216 9.1 3,787 10.7 7,580 214
Milwaukee . . . . . 48,554 14.3 32,341 9.6 33,330 9.8 65,591 19.4
Ozaukee ...... 1,189 8.1 808 55 906 6.1 2,414 16.4
Racine. . ... ... 6,110 12.3 4,337 8.7 4,679 9.4 10,069 20.2
Walworth. . .. .. 3,381 18.2 2,081 1.2 1,964 10.6 3,771 203
Washington . . .. 1,782 10.2 1,386 8.0 1,273 7.3 3,647 20.4
Waukesha. . . . .. 4,592 7.4 3,472 5.6 3,688 5.8 9,493 15.3
Region 70,328 13.1 47,641 8.9 49,527 9.2 102,465 19.1
Income Level
Median
$10,000-14,999 $15,000-24,999 $25,000 or More Total Households
Household
County Number Percent Number Percent Number Percent Number Percent Income®
Kenosha . . ... 10,368 29.2 4,942 13.9 855 24 35,468 100.0 $ 9,400
Milwaukee . . . . 94,071 27.8 52,065 154 12,663 3.7 338,605 100.0 9,500
Qzaukee .. ... 5,007 33.9 3,279 222 1,150 7.8 14,753 100.0 12,100
Racine. . .. ... 15,190 30.5 7,614 15.3 1,797 3.6 49,796 100.0 9,900
Walworth. . . . . 4,353 235 2,391 129 603 3.3 18,544 100.0 8,500
Washington . . . 5,436 31.3 3,159 18.2 802 4.6 17,385 100.0 10,600
Waukesha. . . .. 21,588 34.9 15,004 24.2 4,198 6.8 61,935 100.0 12,300
Region 156,013 29.1 88,454 16.5 22,058 4.1 536,486 100.0 $10,000

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

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

€ The median household income is that income which divides the distribution of households into two equal parts, half having a higher income

than the median and half having a lower income.

Source: U. S. Bureau of the Census and SEWRPC.
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Figure 8

DISTRIBUTION OF HOUSEHOLDS IN THE REGION BY HOUSEHOLD INCOME BY COUNTY: 1969
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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 force—delined 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 jobs, was located in Milwaukee
County in 1975. An additional 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

COUNTY

ALWORTH WA GTON WAUKESHA REGION

regional jobs is distributed as follows: Waukesha County,
about 10 percent; Walworth County, about 3 percent;
Washington County, about 3 percent; and QOzaukee
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 occurred in the past 25 years. The number of
jobs in the Region increased 41 percent, from 552,700
in 1950 to 779,000 in 1975. During the 1950’ the
number of jobs in the Region increased by 17 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 15 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
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Table 9

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

Change
1950 1960 1970 1975 1950-1960 1960-1970 1970-1975 1950-1975

County Jobs | Percent| Jobs Percent| Jobs Percent| Jobs |Percent| Jobs |Percent| Jobs [Percent| Jobs [Percent| Jobs [Percent
Kenosha .. .| 27,700 5.0 | 40,100 6.2 | 39,200 5.3 | 46,700 6.0 (12,400 44.8 | -900 -22 | 7,500 19.1 | 19,000 68.6
Milwaukee . . | 438,100 79.3 | 486,200 75.0 | 510,900 68.9 | 515,700 66.2 (48,100 11.0 | 24,700 5.1 | 4,800 10.9.| 77,600 17.7
Ozaukee . . . 6,200 1.1 9,500 15| 17,900 25| 20,200 2.6 | 3,300 53.2 | 8,400 334 | 2,300 128 | 14,000 2258
Racine. . . .. 43,200 7.8 | 48,500 7.5 | 61,900 8.2 | 68,600 8.8 | 5,300 12.3 [13,400 27.6 | 6,700 10.8 | 25,400 58.8
Walworth. . . [ 12,300 2.2 18,300 28| 24,200 3.3 | 25,700 3.3 | 6,000 48.8 | 5,900 32.2 | 1,500 6.2 | 13,400| 1089
Washington . 9,700 1.8 | 14,500 2.2 | 20,300 2.7 | 22,600 2.9 | 4,800 49.5 | 5,800 40.0 | 2,300 11.3| 12,900| 133.0
Waukesha. . . [ 15,500 2.8 | 30,800 4.8 | 67,200 9.1 | 79,500 10.2 |15,300 98.7 136,400 | 118.2 |12,300 18.3 | 64,000 4129
Region 552,700 | 100.0 | 647,900 | 100.0 (741,600 | 100.0 | 779,000 | 100.0 {95,200 17.2 (93,700 14.5 |37,400 5.0 | 226,300 409

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

Figure 9

RELATIVE JOB GROWTH IN THE REGION, WISCONSIN,
AND THE UNITED STATES: 1950-1970
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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 Commission.*

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-

4The results of this work were published in SEWRPC
Planning Report No. 3, The Economy of Southeastern
Wisconsin, June 1963; and SEWRPC Planning Report
No. 7, Volume 2, Forecasts and Alternative Plans—1990,
June 1966.
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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.

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.

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 propottion of economic activity in all other industry
groups within the Region except private services, as
measured by jobs, was less than the national averages.

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.



Table 10

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

Change Change Change Change
Labor Force 1950-1960 1960-1970 1970-1975 1950-1975

County 1950 1960 1970 1975 Absolute |Percent| Absolute |Percent| Absolute |Percent| Absolute |Percent
Kenosha . .. .. 32,600 39,800 47,700 58,800 7,200 | 221 7,900 | 19.8 11,100 | 23.3 26,200 80.4
Milwaukee . . . . 386,500 433,100 458,600 491,500 46,600 | 12.1 25500 | 5.9 32900 | 7.2 105,000 27.2
Ozaukee . . ... 9,600 14,400 22,400 27,100 4,800 | 50.0 8,000 | 55.5 4,700 | 214 17,500 | 1823
Racine. . . .. .. 46,800 55,000 69,300 78,800 8,200 | 17.5 14,300 | 26.0 9,500 | 13.7 32,000 68.4
Walworth. . ... 16,500 20,500 26,800 29,100 4,000 | 24.2 6,300 | 30.7 2,300 86 12,600 76.4
Washington . . . 14,300 17,400 26,100 31,600 3,100 | 21.7 8,700 | 50.0 5,600 211 17,300 | 121.0
Waukesha. . . .. 33,800 58,500 93,600 114,600 24,700 | 73.1 35,100 | 60.0 21,000 | 224 80,800 | 239.0
Region 540,100 638,700 744,500 831,500 98,600 ( 18.3 105,800 | 16.6 87,000 | 11.7 291,400 54.0
Wisconsin 1,396,400 | 1,533,000 | 1,799,300 | 2,128,000| 136,600 9.8 266,300 17.4 328,700 ( 183 731,600 52.4
United States 59,304,000 | 68,144,000 | 82,897,000 | 94,773,000 8,840,000 | 14.9 |14,753,000| 21.6 |11,876,000| 14.3 |35,469,000 59.9

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

Table 11

1972 EMPLOYMENT BY WATERSHED FOR THE REGION

Employment
Watershed Jobs Percent
Des Plaines. . ... ... 2,317 0.3
Fox ............ 59,647 8.0
Kinnickinnic, . ... .. 76,957 10.3
Menomonee . . ... .. 170,615 22.8
Milwaukee . . . .. ... 271,830 36.3
Oak Creek .. ...... 9,277 1.2
Pike ............ 10,405 1.4
Rock. ........... 26,092 3.5
Root............ 38,298 5.1
Sauk............ 3,798 0.5
Sheboygan........ 754 0.1
Minor Tributaries
Draining to
Lake Michigan. . . .. 78,966 10.6
Total 748,956 100.0

Source: SEWRPC.

LAND USE BASE

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-

ment planning effort. Furthermore, such an understanding
of existing land use patterns, and of trends in such
patterns, is important to the sound formulation of a plan
to meet the identified water quality management needs.
Accordingly, attention is focused herein upon historic
as well as existing land use development patterns.

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).
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Figure 10

PERCENTAGE DISTRIBUTION OF JOBS
BY MAJOR STANDARD INDUSTRIAL
CLASSIFICATION (S.I1.C.) DIVISIONS IN THE
UNITED STATES AND THE REGION: 1975
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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 pattern 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 pattern 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-Tllinois River Valley.
Map 6 indicates that much of the dispersed urban devel-
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Figure 11

PERCENTAGE DISTRIBUTION OF MANUFACTURING
JOBS BY TYPE OF MANUFACTURING IN THE
UNITED STATES AND THE REGION: 1975
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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, from 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




Map 6

HISTORICAL URBAN GROWTH
IN THE REGION: 1850-1970
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Urban development within the Region occurred in a fairly regular pattern until about 1950, forming concentric rings of relatively high-density urban development
contiguous to, and outward from, the existing urban areas and long-established mass transit, utility, and community facility systems, Soon after World War |1,
howaever, the character of urban growth in the Region began to change to a much more diffused pattern of development, with relatively low densities and high
proliferation of clusters of noncontiguous development. Between 1963 and 1970, this sprawl pattern of development continued with an additional 96 square miles
of land committed to urban use within the Region over the period, representing a rate of approximately 14 square miles per ysear. The continuation of this sprawl
pattern of land use development threatens furthar destruction of prime agricultural lands and of the underlying and sustaining natural resource base, and the crea-
tion of urban enclaves in essentially rural areas that will be difficult to serve ecanormically, if at all, with necessary public utilities and services.

Source: SEWRPC. 2 45




Table 12

LAND DEVOTED TO URBAN LAND USE IN THE REGION

Urban/ 1963 1970
h : 1963-1970
Nonurban Percent Percent Change

County Status Acres of County Acres of County Acres Percent
Kenosha Urban® . .. ... 24,899 14.0 27,715 15.6 2,816 11.3
Nonurban®, . . . 153,199 86.0 150,385 84.4 - 2,814 -1.8

Total 178,098 100.0 178,100 100.0 2c .d

Milwaukee Urban....... 96,857 62.5 106,251 68.5 9,394 9.7
Nonurban . ... 58,139 37.5 48,813 315 - 9,326 -16.0

Total 154,996 100.0 156,064 100.0 68° -d

Ozaukee Urban....... 19,078 12.7 23,746 15.8 4,668 245
Nonurban . ... 130,935 87.3 126,267 84.2 - 4,668 -3.6

Total 160,013 100.0 150,013 100.0 -

Racine Urban....... 29,821 13.7 35,070 16.1 5,249 17.6
Nonurban . ... 187,725 86.3 182,491 83.9 -°5,234 -28

Total 217,546 100.0 217,561 100.0 15¢ d
Walworth Urban....... 27,948 7.6 32,315 8.7 4,367 15.6
Nonurban . ... 342,034 92.4 337,667 91.3 - 4,367 -1.3

Total 369,982 100.0 369,982 100.0 - -
Washington Urban....... 20,408 7.3 26,127 9.4 5,719 28.0
Nonurban . ... 258,326 92.7 252,607 90.6 - 5,719 -22

Total 278,734 100.0 278,734 100.0 - -

Waukesha Urban....... 61,214 16.5 76,619 20.6 15,405 25.2
Nonurban . ... 310,432 83.5 295,027 79.4 - 15,405 -5.0

Total 371,646 100.0 371,646 100.0 - -
Region Urban....... 280,225 16.3 327,843 19.0 47,618 17.0
Nonurban . . .. 1,440,790 83.7 1,393,257 81.0 -47 533 -33

Total 1,721,015 100.0 1,721,100 100.0 85¢ -d

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

b Includes agricultural lands, woodlands, water and wetlands, and unused and other open lands, including quarries.
€ Increases due to landfill operations along Lake Michigan.
dLess than 0.1 percent.

Source: SEWRPC.
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Table 13

POPULATION DENSITY TRENDS IN THE REGION: 1850-1970

Urban Rural Area Persons Per
Population Population (Square Miles} Square Mile
Percent Percent Total

Yéar Number of Total Number of Total Population Urban Total Urban Total
1850 28,623 252 84,766 748 113,389 4 2,689 7,155.8 42.2
1880 139,509 50.3 137,610 49.7 277,119 18 2,689 7,750.5 103.1
1900 354,082 70.6 147,726 294 501,808 37 2,689 9,569.8 186.6
1920 635,376 81.1 148,305 18.9 783,681 56 2,689 11,346.0 2914
1940 991,635 929 76,164 7.1 1,067,699 a0 2,689 11,0171 397.1
19502 1,179,084 95.0 61,534 5.0 1,240,618 138 2,689 8,544.1 461.4
19632 1,634,200 97.6 40,100 2.4 1,674,300 340 2,689 4,806.5 622.6
19702 1,728,949 98.5 27,137 15 1,756,086 397 2,689 4,355.0 653.1

2 The “rural-nonfarm” 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
overall population densities within the developed urban
areas of the Region have been steadily declining since
1920, this decline has been accompanied by localized
increases in population densities. Such localized popula-
tion increases have been the result of urban renewal
activities or, in isolated instances, of what in effect
constitutes new community development. For example,
the Northridge Lakes community development within
the northwestern portion of the City of Milwaukee will
have population densities of about 15,000 persons per
square mile when fully developed. Similarly, the redevel-
opment of certain older residential areas of the central
cities and older suburbs within the Region, which replaces
residential development of single-family homes, duplexes,
and flats with apartment development—often high-rise
apartment development—may result in population
density increases in localized areas. With respect to
overall population densities within the Region, however,
such high-density development and redevelopment is
offset by large areas of new suburban and exurban devel-
opment which, even when it involves apartment projects,
has overall a relatively low urban population density. This
continued overall decline in urban population density,
although accompanied by localized increases, has impor-
tant implications for the provision of many public facili-
ties and services, including the provision of sewerage and
other water quality management-related facilities, and
complicates the planning and design for such facilities.

Existing Land Use

The spatial distribution of land uses existing within the
Region as of 1975 is summarized graphically on Map 7.
This map provides a picture of existing regional develop-
ment at a given point in time, and its study can provide
certain valuable insights into an understanding of regional
activity and development and of the areawide problems

related thereto. The absolute and proportional areas
presently devoted to each major land use category within
the Region are summarized by county in Table 14.

In 1970, as part of its continuing land use and transpor-
tation planning program, the Commission conducted
a detailed inventory of the location and extent of land
devoted to 41 specific land use categories. This inventory
provided quantification—at the level of the U. S. Public
Land Survey one-quarter section—of these land use
categories. Since only a 5 percent increase in the amount
of developed urban land has occurred since 1970, the
1970 data still provide a valid characterization of the
basic urban-rural structure of the Region as of 1975.
Accordingly, the 1970 data are presented here for general
descriptive purposes.

In 1975, a water quality-related land cover inventory of
a specialized nature addressing 21 land cover categories
of different physical or land management characteristics
was undertaken by the Commission. These categories
are defined primarily according to their imperviousness
and vegetation cover characteristics and their anticipated
effects on the quantity and quality of storm water
runoff. The categories include golf courses and other
recreation-related uses; croplands including row crops,
grain crops, vegetables, hay, orchards, nurseries, and sod
farms; woodlands and other open space; lakes, rivers,
streams, and canals; mining; landfills and dumps; free-
ways, expressways, and other arterial streets; railroad
yards and terminals; airfields and terminals; and residen-
tial lands and associated land access and collector streets
of low, medium, and high imperviousness. The resulting
data are reported and utilized by watershed in the inven-
tory of pollution sources analyzed and published in
SEWRPC Technical Report No. 21, Sources of Water

Pollution in Southeastern Wisconsin: 1975; are reported
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Map 7 i I :

GENERALIZED EXISTING LAND USE
IN THE REGION: 1975
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The spatial distribution of land uses existing within the Region as of 1975 is summarized on this map. Although southeastern Wisconsin is a highly urbanized
Region, less than 20 percent of its total area is presently devoted to urban-type land uses. As of 1970 agricultura, while declining in economic importance within
the Region, still occupied 60 percent of the total land area within the Ragion, with the remaining 20 percent of the area occupied by water, wetlands, and wood-
lands. The diffusion of low-density urban development which has occurred within the Region since 1950 is avident from an examination of the map. Whilé some
of thase areas currently shown as low-density development may eventually through additional development become medium-density, many of these areas are
scattered far from the existing and proposed service areas of public utility systems. They represent, therefore, a permanent commitment to urban development
without centralized public sanitary sewer and water supply services. It is important that future urban development within the Region be encouraged to occur in
those areas recommended for such development in the adopted regional land use plan so that essential public utility services can be provided in an efficient and
economical manner,

48 Source: SEWRPC.



Table 14

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

Land Use
Water and

County Residential® | Commercial Industrialb Transportationc Governmentd Recreation | Wetlands |Open Lands® Agricultural Total
Kenosha

Acres . . . 13,477 504 811 8927 1324 2,672 19,445 17,010 113,930 178,100

Percent . . 7.6 03 05 50 0.7 1.5 109 95 64.0 100.0
Milwaukee

Acres . . . 45,632 2875 4,899 35,431 7.490 9,924 4,207 15,999 28,607 155,064

Percent . . 294 1.9 3.2 229 438 6.4 2.7 10.3 184 100.0
Ozaukee

Acres . . . 12,321 330 444 8,054 940 1,657 14,879 10,897 100,491 150,013

Percent . . 8.2 0.2 0.3 5.4 0.6 1.1 9.9 7.3 67.0 100.0
Racine

Acres . . . 16,625 575 1,099 12,442 1,744 2,585 17,7112 17,572 147,207 217,561

Percent . . 76 0.3 0.5 5.7 08 1.2 8.1 * 84 67.7 100.0
Walworth

Acres . . . 13,408 593 827 12,020 1,192 4,275 39,160 36,763 261,744 369,082

Percent . . 3.6 0.2 0.2 3.3 03 1.2 10.6 9.9 70.7 100.0
Washington .

Acres . . . 11,525 299 434 11,286 919 1,664 35,638 30,503 186,466 278,734

Percent . . 41 0.1 0.2 4.1 0.3 0.6 12.8 109 66.9 100.0
Waukesha

Acres . . . 43,278 1,3M 1,525 21,247 3,009 6,219 49,789 43,562 201,676 371,646

Percent . . 11.6 04 04 5.7 08 1.7 13.4 1.7 54.3 100.0
Region

Acres . . . 156,266 6,517 10,039 109,407 16,618 28,996 180,830 172,306 1,040,121 (1,721,100

Percent . . 9.1 04 0.6 6.3 1.0 1.7 10.5 10.0 60.4 100.0

2 Includes all residential areas, developed and under development.
b Includes all manufacturing, wholesale, and storage.

€ Includes off-street parking of more than 10 spaces.

a Includes institutional uses.

€ Includes woodlands, unused lands, and quarries.

Source: SEWRPC.

n 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

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
is presently devoted to agriculture, woodlands, wetlands,
other open lands, and surface waters.

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 to the urban economic activities, which
are so important to the support of regional growth and
development, are both surprising and significant. The

49



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

Type of Residential Use Acres Percent
Single-family . .............. 122,521 78.4
Two-family .. .............. 5,574 3.6
Multifamily (less than 4 stories) . . . 2,969 1.9
Multifamily (4 or more stories) . . . 118 0.1
Mobile Homes. . . .. .......... 515 0.3
Residential Land

Under Development. . ........ 24 584 156.7
Total 156,281 100.0 |

Source: SEWRPC.
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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.

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 fur farms. Farm 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

to 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 13 percent in the Fox and
Rock River watersheds. Open lands vary 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 IN THE SOUTHEASTERN WISCONSIN REGION BY WATERSHED: 1970

Land Use
d Water and e
Watershed Residential® Commercial Industrialb Transpnn:ationc Government Recreation Wetlands Open Lands Agricultural Total

Des Plaines Acres . . . . 3,259.25 7241 72.41 3,502.09 255.86 568.20 8,363.07 5,999.83 63,900.27 85,993.39
Percent. . . 38 0.1 0.1 4.0 0.3 0.7 10.0 7.0 74.0 100.0

Fox Acres. . . . 39,216.57 1,211.43 1,718.54 26,065.73 2,768.34 8,821.15 77,800.11 68,453.53 373,212.81 599,268.21
Percent. . . 7.0 0.2 03 40 0.5 20 130 110 62.0 100.0

Kinnickinnic Acres. . . . 5,408.27 453.24 895.00 5,844.00 1,173.30 831.74 195.50 1,352.79 246.66 16,400.59
. Percent. . . 33.0 3.0 5.0 36.0 7.0 50 1.0 8.0 20 100.0

Menomonee Acres . . . . 21,691.70 1,13495 1,966.67 14,175.47 3,266.04 3,647.31 2,840.81 9,168.46 28,920.44 86,801.85
Percent. . . 250 14 23 16.3 38 42 33 10.7 33.0 100.0

Milwaukes Acres. . .. 28,806.90 1,366.17 1,967.73 21,505.06 3,360.58 4517.23 32,965.16 26,117.61 155,782.42 276,388.86
Percent. . . 104 05 0.8 7.8 1.2 1.6 1.9 94 56.4 100.0

Minor Streams Acres. . . . 16.421.19 700.91 1,635.76 7,746.17 2,285.18 2,125.54 1,545.81 5,866.14 2252243 60,749.13
Percent, . . 270 1.2 25 128 38 35 25 9.7 370 100.0

Oak Creek Acres . . . . 3,236.71 170.81 350.03 2,651.91 540.36 574.38 507.93 2,5634.46 6,696.38 17,262.97
Percent. . . 18.7 1.0 24 15.4 3.1 33 29 147 38.8 100.0

Pike River Acres. . . . 3,244.04 82.17 326.41 2,141.35 616.80 809.42 828.05 1,938.80 22,443.10 32,430.14
Percent. . . 10.0 0.3 1.0 6.6 1.9 26 26 6.0 69.0 100.0

Rock River Acres . . . . 18,451.96 582.74 681.28 13,619.93 1,613.28 3,399.46 49,557.68 39,822.67 264,016.61 391,645.61
Parcent. . . 5.0 0.1 0.2 34 04 0.9 130 100 67.0 100.0

Root River Acres. . . . 16,725.95 711.59 429.97 10,229.44 1,473.53 3.49292 6,468.91 9,387.85 78,415.06 125,335.22
Percent. . . 125 0.6 03 8.2 1.2 28 4.4 7.5 625 100.0

Sauk Creek Acres. . . . 673.72 26.90 75.68 1,162.96 12091 9.57 615.67 1,039.70 18,335.84 22,060.95
Percent. . . 3.1 0.2 0.3 563 05 0.1 28 4.7 83.0 100.0

Sheboygan River Acres. . . . 125.53 3.53 17.96 212.26 18.61 395 139.44 614.85 5,626.79 6,762.91
Percent. . . 19 0.1 03 3.1 0.3 0.1 24 9.1 83.0 100.0

Region Acres . . . . 156,261.79 6,516.85 10,037.44 108,756.36 17,482,79 28,800.87 180,828.14 172,296.69 1,040,118.80 |1,721,099.80
Percent. . . 9.0 0.4 0.6 6.0 1.0 2.0 11.0 100 60.0 100.0

2 all ial areas, ped and under development.
by o £ " :
alt ing, wholesale, and storage.

c/m:ludes off street parking of more than 10 spaces.

d

Includes institutional uses.

© Includes woodlands, unused lands, and quarries.

Source: SEWRPC.
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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 13 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 uftility 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 to 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
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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
public sanitary sewerage facilities has not fully kept
pace with the rapid urbanization of the Region, 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 {otal resident population of the Region.
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Centralized public sanitary sewer service in the Region is currently provided by 95 public sewerage systems to an area of about 353 square miles, or 13 percent
of the total area of the Region. These 95 systems serve more than 1.5 million persons, or about 86 percent of the total population of the Region. About
27 square miles, primarily located in the central cities of Kenosha, Milwaukee, and Racine, are served by combined storm and sanitary sewers. Treatment for
sewage generated in the Region is provided at 61 public sewage treatment facilities, which collectively discharge about 293 million gallons of sewage effluent per
day. Of this total, 264 mgd, or .87 percent, are discharged directly to Lake Michigan. There are also 67 sewage treatment facilities serving isolated enclaves of urban
land use development, as well as 277 known point sources of wastewater other than sewage treatment plants, which consist primarily of industrial cooling, rinse,
process, and wash waters discharged directly to storm sewers or streams. While not shown on this map, there are an additional 590 known points of sewage flow
relief in the Region, consisting of combined sewer overflows, relief pumping stations, crossovers from the sanitary to the storm sewer system, and gravity bypasses
directly to the streams of the Region. In total, then, there are nearly 1,000 point sources of raw sewage, sewage effluent, and industrial waste discharge throughout
the Ragion,

Source: 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 munmicipal
water utilities. The locations of these 79 known privately
owned water utilities are also shown on 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,
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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 major privately owned electric utilities are author-
ized within the Region 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 systems consisting of piped and channelized drains and natural surface drainage channels were identified in the Region.
These storm water drainage systems serve just over 1,500,000 persans, or about 84 percent of the total population of the Region. System mapping was available for
48 of these 55 systems. The systems for which mapping was available serve a total area of about 183 square miles, or about 7 percent of the Region and contain
1,358 known cutfalls. During periods of wet weather, these starm water drainage systems discharge pollutants to the lakes and streams of the Region. The total
runoff discharged from the outfalls in the 48 systems for which mapping was available as they existed in 1975—excluding the combined sewer systems—during an
average year was estimated at about 22.9 billion gallons occurring in about 70 discrete events.

Source: SEWRFPC. 55




PUBLIC WATER UTILITIES IN THE REGION: 1975

Table 17

Estimated
. - Estimated Average
Public Water Utility Area Served Population Consumption
Name Location (square miles) Served (MGD)
KENOSHA COUNTY
Kenosha Water Utilitya’b .................. City of Kenosha 15.50 87,500 15.355
Paddock Lake Municipal Water Utility . . .. ... ... Village of Paddock Lake 0.16 1,100 0.024
Pleasant Park Utility Company, mef . Town of Pleasant Prairie - 0.28 800 0.027
Pleasant Homes Subdivision
Pleasant Prairie Water Works® . . . .. ... ... ..., Unincorporated Village of Pleasant Prairie 0.26 400 0.111
Sanitary District No. 1, Town of Somers® . . ...... Town of Somers 0.82 1,500 0.184
Town of Bristol Water Utility . . . .. .. .. e Town of Bristol 0.19 500 0.039
Subtotal—Kenosha County 17.21 91,800 15.740
MILWAUKEE COUNTY
Brown Deer Municipal Water Utilitya ........... Village of Brown Deer 4.36 13,600 1.484
City of Franklin Industriat Park . . . . ... . .... .. City of Franklin 0.16 N/A 0.097
City of Oak Creek Water and Sewer Utilityd ....... City of Oak Creek 6.67 12,000 2.347
Cudahy Water Department® . . . . ... ......... City of Cudahy 4.66 21,700 2.809
Glendale Water Utilitya ................... City of Glendale 597 13,500 3.163
Milwaukee Water Works™® . . . . ... ... ....... City of Milwaukee 147.91 882,500 239.675
North Shore Water Utili'cya'f ................ City of Glendale -- -- --
Shorewood Municipal Water Utilitya ........... Village of Shorewood 1.70 14,300 1.666
South Milwaukee Water Utility® . . . . . ... .. .. . City of South Milwaukee 4,78 23,400 7.992
Village of Greendale Water and Sewer Utility? . . . . . . Village of Greendale 4.90 16,800 1.453
Village of Whitefish Bay Water Utilitva .......... Village of Whitefish Bay 2.13 16,200 2.031
Water Utility of the Village of Fox Point® . .. ... .. Village of Fox Point 2.88 7,900 0.920
Wauwatosa Water Works®. . . . . .. ... .. ...... City of Wauwatosa 13.28 55,700 6.602
West Allis Water U’(ilitya .................. City of West Allis 10.37 69,000 12.098
Subtotal—Milwaukee County 209.77 1,146,600 282.227
OZAUKEE COUNTY
Belgium Municipal Water Utility . . , . .. .. ... ... Village of Belgium 0.42 900 0.142
Cedarburg Light and Water Commission . .. ... ... City of Cedarburg 2.56 10,400 1.186
Fredonia Municipal Water and Sewer Utility . . . . . . . Village of Fredonia 0.56 1,300 0.124
Grafton Sewer and Water Utility. . . . ... ... ..., Village of Grafton 221 8,800 1.165
Port Washington Municipal Water Utilitya ........ City of Port Washington 2.30 9,500 1.045
Saukville Municipal Water and Sewer Utility . . . . . . . Village of Saukville 1.06 2,400 0.696
Subtotal—Qzaukee County 9.11 33,300 4.358
RACINE COUNTY
Burlington Water Works. . . . . ... ........... City of Burlington 2.38 8,900 1.286
Caddy Vista Sanitary District. . . . .. .......... Town of Caledonia 0.31 1,000 0.052
Crestview Sanitary District . . . . ... .......... Town of Caledonia 0.80 2,500 0.239
North Cape Sanitary District . . . . ... ......... Towns of Norway and Raymond 0.06 200 0.164
North Park Sanitary Distric’(a'g ............... Town of Caledonia 1.34 5,200 0.832
Racine Water Departmenta’ ................ City of Racine 16.90 96,700 22.166
South Lawn Sanitary District® . . . .. ... ....... Town of Mt. Pleasant 0.68 1,900 0.199
Sturtevant Water and Sewer Utilitya ............ Village of Sturtevant 1.03 4 400 0.362
Town of Caledonia Water Utility District No. 19 . Town of Caledonia 1.98 1,400 N/A
Union Grove Water Department . . . . .. .. ...... Viltage of Union Grave 0.77 3,000 0.574
Waterford Water Utility . . . . ... ............ Village of Waterford 0.83 2,300 0.178
Wind Point Municipal Water Utility"'1 ........... Village of Wind Point 1.21 2,000 0.166
Subtotal—Racine County 28.29 129,600 26.208
WALWORTH COUNTY
Darien Municipal Water and Sewer Utility . . ... ... Village of Darien 0.54 1,000 0.074
Delavan Water and Sewerage Commission. . . . ... .. City of Delavan 2.41 5,800 0.799
East Troy Municipal Water Utility . . . . .. ... .. .. Village of East Troy 1.17 2,200 0.607
Efkhorn Light and Water Commission. . . . .. ... .. City of Eikhorn 1.98 4,300 0.523
Fontana Municipal Water Utility. . . . ... ....... Village of Fontana-on-Geneva Lake 1.76 1,800 0.334
Genoa City Municipal Water and Sewer Utility. . . . . . Village of Genoa City 0.61 1,100 0.085
Lake Geneva Water Commission . . . . . ......... City of Lake Geneva 1.91 5,600 1.044
Lyons Sanitary DistrictNo. 1 . .. .. .......... Town of Lyons 0.04 300 N/A
Town of Troy Sanitary DistrictNo. 1. ... ... .. .. Town of Troy 0.16 100 0.002
Village of Sharon Water Works and Sewer System . . . . Village of Sharon 0.62 1,300 N/A
Walworth Municipal Water and Sewer Utility. . . . . . . Village of Walworth 0.85 1,700 0.243
Whitewater Municipal Water Utility . . . . ... ..... City of Whitewater 2.39 11,000 1.492
Williams Bay Municipal Water Utility . . . . .. .. ... Village of Williams Bay 1.49 1,700 0.235
Subtotal—Walworth County 15.92 37,940 5.438
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Table 17 (continued)

“ Estimated

Estimated Average

Public Water Utility Area Served Population Consumption
Name Location (square miles) Served (MGD)
WASHINGTON COUNTY
Allenton Sanitary DistrictNo. 1. . . ... ........ Town of Addison 0.33 800 0.130
City of Hartford Utilities Department. . . . .. ... .. City of Hartford 1.91 7,700 0.731
City of West Bend Water Department . . . . .. ... .. City of West Bend 5.63 19,300 3.344
Jackson Municipal Water Department. . . . ... .... Village of Jackson 0.46 2,000 0.211
Kewaskum Municipal Water Department . . . . . . . .. Village of Kewaskum 0.82 2,400 0.408
Slinger Utilities. . . . .. .................. Village of Slinger 0.57 1,300 0.197
Village of Germantown Water Utility . . . . . ... ... Village of Germantown 1.41 2,800 0.241
Subtotal~Washington County . 11.03 36,300 5.262
WAUKESHA COUNTY
Butler Water Utility . . . .. .. ... ........... Village of Butler 0.80 2,200 0.667
City of Brookfield Water Utility . . . . . ... ...... City of Brookfield 493 4,300 0.985
City of Oconomowoc Electric and

Water Departments. . . . . .. .. .. .. ........ City of Oconomowoc 348 11,000 1.306
Hartland Municipal Water Utility . . . .......... Village of Hartland 1.40 4,000 1.308
Mukwonago Municipal Water Utility . .. ... ... .. Village of Mukwonago 1.45 3,400 0.345

Muskego Water Utility. . . . .. .............. City of Muskego 2.36 4,800 N/A
New Berlin Water Utility . . .. .. ............ City of New Berlin 2.99 7,300 1.082
Pewaukee Water and Sewage Utility . . . . .. ... ... Village of Pewaukee 1.28 4,400 0.520

Sussex Municipal Water Utility. . . .. ... ....... Village of Sussex 0.96 4,100 N/A
Village of Dousman Water Utility . . . ... ....... Village of Dousman 0.49 1,000 0.065
Village of Eagle Water Utility. . . . .. .......... Village of Eagle 0.37 900 0.046
Village of Menomonee Falls Water Utility . . ... ... Village of Menomonee Falls 4.38 18,800 2.181
WaukeshaWater Utility . . . .. . ............. City of Waukesha 9.96 49,000 9.141
Westbrooke Sanitary Districts Nos. 1and 2. . . . . . .. Town of Brookfield 0.39 1,000 0.050
Subtotal—Waukesha County 35.24 116,700 17.696
Region Total 326.57 1,592,100 356.929

NOTE: N/A indicates not applicable.
4 These utilities utilize Lake Michigan as the sole source of water supply.

b 1he Kenosha Water Utility provides retail water service to portions of the Towns of Pleasant Prairie and Somers and wholesale water service to the Town of
Somers Sanitary District No. 1. The data presented in this table for the Kenosha Water Utility include the communities served on a retail basis.

€ 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 utility and because they are capable of ready expansion much the same as a public water utility, they
have been classified for analysis purposes in this study as public water utilities.

d 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.

f The North Shore Water Utility provides no retail water service and exists only to sell water on a wholesale basis to the City of Glendale and the Villages of Fox
Point and Whitefish Bay.
9 The North Park Water Utility provides 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 utility include the communities served on a retail basis.

Source: Wisconsin Public Service Commission, Wisconsin Department of Natural Resources, and SEWRPC.
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Most of the water supply service in the Region is provided by 72 publicly owned water utilities. The service areas of these 72 utilities are shown on this map. In
addition, there are 79 known private or cooperativaly ownad water supply systems in the Region which provide water service generally to individual subdivisions.
The location of these private systems is also shown on this map. Lake Michigan is by far the most important source of water supply in the Region, with about
1.35 million persons, or 76 percent of the total Region population, currantly being supplied from that source. An additional 235,000 parsons, or about 13 percent
of the total Region population, are supplied by public utilities relying on groundwater.
Source: SEWRPC.
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Table 18

PRIVATE WATER UTILITIES IN THE REGION: 1975

Private Water Supply Private Water Supply
Code Code
Number Number
on on
Map 10 Name Civil Division Map 10 Name Civil Division
KENQSHA COUNTY RACINE COUNTY
1 Carol Beach Water Company Town of 43 Center for the Developmentally Town of Dover
Pleasant Prairie Disabled {Wisconsin
2 Edgewater Subdivision Town of Randall Southern Colony)
3 Lake Knolls Subdivision Town of Randall 44 Eagle Lake Manor Town of Dover
4 Oakwood Knolls Subdivision Town of Salem Community Association
5 Twin Lakes Park Water Company Town of Randall 45 St. Bonaventure Prep School Village of
6 Van Woods Estates Town of Randall Mt. Pleasant
Water Company 46 Waterford Woods Association Town of Waterford
7 Wy-Wood Co-operative Town of Randall
WALWORTH COUNTY
MILWAUKEE COUNTY 47 Assembly Grounds Association Town of Delavan
8 Blossom Heath Water Trust Village of 48 Chicago Club Town of Delavan
Hales Corners 49 Country Club Estates Town of Waiworth
9 Franklin Estates Subdivision City of Franklin 50 Crest View Estates Corporation Town of Delavan
10 Hales Happiness Village of 51 Crystal Bowl, Inc. Town of Richmond
Homesites Subdivision Hales Corners 52 Elgin Club Town of Linn
11 Hales Park Meadows Village of 53 Gardens Association Town of Walworth
Hales Corners 54 Knollwood and Cisco Town of Linn
12 Hawthorn Glens Subdivision City of Franklin Beach Subdivision
13 Howell Avenue Estates Subdivision | City of Oak Creek 55 Lake Geneva Beach Subdivision Town of Linn
14 Milwaukee County City of Franklin 56 Lake Geneva Ciub Town of Linn
House of Correction 57 Maple Hills Subdivision Town of Linn
15 Mission Hills Subdivision City of Franklin 58 Nippersink Subdivision Town of Bloomfield
16 Monaco Heights Village of 59 Oak Shores Subdivision Town of Linn
Hales Corners 60 Shore Havens Association Town of Linn
17 North Shore East Subdivision Village of Bayside 61 Sunset Hills Association Town of Linn
18 Northway Co-operative No. 1 Village of Bayside 62 Sybil Lane Subdivision Town of Linn
19 Northway Co-operative No. 2 Village of Bayside 63 Walworth County Institutions and | Town of Geneva
20 Oakview Subdivision No. 3 City of Oak Creek Lakeland Nursing Corporation
21 Pelham Heath Subdivision Village of Bayside 64 Wooddale Lake Shore Properties Town of Linn
22 Rawson Homes Subdivision City of Franklin
23 Robert Williams Park a City of Milwaukee WASHINGTON COUNTY
24 Root River Water Trust City of Franklin None
25 Security Acres Water Trust City of Franklin
26 Southgate Manor City of Greenfield WAUKESHA COUNTY
Estates Subdivision . . . .
27 Town View Water City of Milwaukee 65 Briop'::te:ert”gomplex City of Brookfield
Co-operative Assaciation . A 66 Durham Meadows City of Muskego
28 Vista Del Mar Water Trust Village of Bayside &7 Ethan Allen School Town of Delafield
{Wisconsin School
OZAUKEE COUNTY for Boys-Wales)
29 Alberta Subdivision Village of Thiensville 68 Glendale Park Subdivision City of New Berlin
30 Apple Orchard Acres Subdivision City of Mequon 69 Highlands Water Co-operative Town of Pewaukee
31 Bonnie Lynn Highlands Subdivision | City of Mequon 70 Lynwood Water Company City of Brookfield
32 Century Estates Subdivision No. 1 Village of Thiensville 71 Marion Heights Terrace Village of Elm Grove
and Additions 72 Monterey Heights Subdivision City of New Berlin
33 Lac du Cours Subdivision City of Mequon 73 Northview Home and Hospital City of Waukesha
34 Laurel Acres Subdivision Village of Thiensville 74 River View Manors Village of
35 Mequon Water Trust City of Mequon Well Association Menomonee Falls
36 North Shore Estates Subdivision City of Mequon 75 Silver Springs Terrace Subdivision Village of
37 North Shore Heights Subdivision City of Mequon Menomonee Falls
38 Range Line Hills Subdivision City of Mequon 76 Sunnyfield Acres Subdivision Town of Oconomowoc
39 Ravine Farm Acres City of Mequon 77 Westchester Water City of Brookfield
40 Village Heights Co-operative Village of Thiensville Co-operative No. 1
41 Villa Du Parc City of Mequon 78 Waestchester Water City of Brookfield
42 Whitman Place Subdivision City of Mequon Co-operative No. 2
79 Waestfield Co-operative Town of Brookfield
Water Systems, Inc.

2 QOperation of the Root River Water Trust and Hawthorn Glens Subdivision wells were taken over by the City of Franklin in July 1977 and as of that date should
be considered as a public water utility.

b

Sturtevant public water utility.

Source: SEWRPC.

St. Bonaventure School was connected to the Village of Sturtevant water system in 1977 and as of that date should be considered as a portion of the Village of
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Map 11 L

ARTERIAL STREETS AND HIGHWAYS
IN THE REGION: 1972
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By 1972 there wera a total of 9,819 miles of streats and highways of all kinds open to traffic within the Region, of which 3,119 miles, or 32 percent, wera func-
tioning as arterial streets and highways. This raprasents a reduction of 69 miles, or about 2 percent, from the total arterial street and highway mileage existing in the
Region in 1963. This reduction in the arterial strest system was the result of refinements in the delineation of the arterial network under the county jurisdictional
highway system planning programs. These refinemants reflect, in part, the effects of new facility—particularly freeway—construction and, in part, a greater accep-
tance of the neighborhood unit concept in local planning with its important implications for the location and spacing of arterial street and highway facilities. The
artarial facilities removed from the systam in this process were ravartad to collector or land access classification and use.

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 13 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
to provide a pleasant and habitable environment for all
forms of life. The principal elements of the natural

SExtensive and detailed data on the transportation
system of the Region are auailable from the Commission’s
ongoing areawide transportation planning program and
were applied in the areawide water quality planning pro-
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 Regional Land Use and a Regional Transportation 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.
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Map 12

INTERURBAN AND SUBURBAN BUS AND
RAILROAD PASSENGER SERVICE IN THE
SOUTHEASTERN WISCONSIN REGION: 1972
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Seven private companies provide intercity bus service within the Region,
operating bus lines over a total of 484 miles of public streets and highways.
The only remaining scheduled rail passenger service in the Region consists of
the national AMTRAK service, operated over the Milwaukee Road trackage,
and Chicago-oriented commuter service from communities in Kenosha and
Walworth Counties. Subsequent to 1972 the commuter service to the com-
munitias in Walworth County was discontinuad.

Source: 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 characterized by cool, wet weather. Typical
autumn weather may extend from September through
November, and is characterized by pleasant, mild, sunny
days and cool nights.
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Map 13

INTRAREGIONAL MASS TRANSPORTATION SERVICE
IN THE KENOSHA AND RACINE URBANIZED AREAS
MAY 1972
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In 1972, the local mass transportation system for the Racine area served
about 100,600 persons who lived within one-quarter mile of local transit
lines. At the same time, the local mass transportation system for the Kenosha
area servad about 83,900 persons who lived within one-quarter mile of local
transit lines. Both systems are aperated 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 to 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

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

SLINGER

LU JACKSON

HARTFORD |

|
I___FRJN WASHINGTON RigHEIELD

WAUKESHA

— 1

CEDARBU

OZAUKEE
§

WASHII NGT_ON/
e

CEDARBURG

JACKSON

LEGEND
PRIMARY SERVICE
= FREEWAY BUS LINE
SECONDARY SERVICE
——— EXPRESS BUS LINE
TERTIARY SERVICE

—— LOCAL BUS LINE

D SERVICE AREA

URBANIZED AREA
BOUNDARY

MERTION
J"{ o -L—‘
CHENEQUA
MERTON |
—_— J LISBON
o= 1 w : - \ i
shoran |

"N PEWAUKEE

-1

|
I“ H[GENESEE |

PRAIRIE

MUKWONAGO

I_ MUKWONAGO
- (ONAGO

fisa)

WAUKESHA H//_J/
- A =
i

s

GRAPHIC SCALE
a L 4 MILES

\:%ﬁmﬁw FEET

MENOMONEE FALLS l ] L LEhDAL
BUTLER| | 0 |
- A
NP NN
=~
3 \@‘
BROOKFIELD ; <
b
TR § s
ELM '
GROVE 8 O Twau 5
— \
e
L b1
<=
LTI
e
=
Xy —
D12 ;/‘i
NEW BERLIN F_"é = & 7
N |
A5 H B
AcorNeRs | © s

MUSKE

_RANKUN
s
co./ __| MILWAUKEE

CO

- -

In 1972, about 1.04 million persons lived within one-quarter mile of local transit lines in" the Milwaukee urban area and were served by the Milwaukee and Suburban

I Transport Corporation and Wiscansin Coach Lines, Inc. Howaver, as of July 1, 1975, Milwaukee County has operated the local transit system in Milwaukee County.

Source: SEWRPC.
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Figure 12

TEMPERATURE CHARACTERISTICS AT SELECTED LOCATIONS IN THE REGION
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TEMPERATURE CHARACTERISTICS AT SELECTED LOCATIONS IN THE REGION
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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
stations—Port Washington, 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 temperature which may be anticipated
within the Region. Summer temperatures throughout
the Region, as reflected by monthly means for July and
August, range between 68°F and 73°F with northerly
lake shore locations exhibiting lower monthly mean
summer temperatures than southerly inland locations.
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Winter temperatures, as reflected by monthly means
for January and February, range between 19°F to
26°F 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 geographically
representative observation stations in and near the
Region are shown in Figure 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 oceur in southeastern Wisconsin during
the months of December, January, and February and
average 44.5 inches annually, or 4.45 inches of precipita-
tion. The percentage of maximum possible sunshine in




Figure 13

PRECIPITATION CHARACTERISTICS AT SELECTED LOCATIONS IN THE REGION
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Table 20
PRECIPITATION CHARACTERISTICS AT SELECTED LOCATIONS IN THE REGION
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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 property:
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
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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. Meteorclogical
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 Regional Transportation Plan for South-
eastern Wisconsin—2000, Volume One, Inventory Find-
ings, pages 106-111, two sets of standards are provided 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 of nitrogen
accumulate in the atmosphere and are exposed 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
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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 poliutants 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-
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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 Région 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 seven-county 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
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or surficial land forms, throughout southeastern Wisconsin ware determined largely by repeated stages of glaciation, the last of which, the

Physiographic features

Included in the great variety of interasting and attractive glacial land forms covering the Region

Wisconsin stage, is believed to have ended about 10,000 years ago.

are ground and recessional mora

and drumlins. The dominant feature is the Kettle Moraine, an interlobate

kames, askers,

I

abandoned lake basins, outwash plains

nes,

i

morains lying in a northeasterly-southwaesterly direction within the western part of the Region and formed by and between the Green Bay and Lake Michigan lobes

of the continental glacier.

Source: SEWRPC.
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Map 16
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The topography, or relative elevation of the land surface throughout the Region, is determined by the configuration of the badrock gaology in combination with
overlying glacial deposits. Elevations within southeastern Wisconsin range from a low of about 580 feet above mean sea level (MSL) an the Lake Michigan shore to
a high of 1,320 feet MSL at Holy HIIl in southwestern Washington County. Topographic highs and some of the most attractive landscapes and scenic vistas in the
Region are coincident with the interlobate Kettle Moraine area in the western portion of the Region.

Source: SEWRPC.
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A subcontinental divide traverses the Southeastarn Wisconsin Region. That part of the Region lying east of this divide is tributary to the Great Lakes-St. Lawrence
River drainage system, while that part of the Region lying west of this divide is tributary to the Mississippi River drainage system. This subcontinental divide has
important implications for water resources planning and management, since major diversions of water across this divide are restricted by law and interstate and
international compacts. Tha ganerally dendritic surface water drainage pattern of the Region, which is the result of the glacial land forms and features, divides the
Region into 11 individual watersheds, three of which—the Des Plaines, Fox, and Rock River watersheds—lie west of the subcontinental divide, In addition to the
11 watersheds, there are numerous small catchment areas along the Lake Michigan shoreline that drain directly to the lake, which together may be considered to
camprise a twalfth watershed.

Source: SEWRPC.
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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-
sheds—are 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 crystalline
rocks of the Precambrian era. The bedrock geology of
the Region is shown in Figure 14 by means of a map of
the surface 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 bhedrock 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

MAP AND CROSS SECTION OF BEDROCK GEOLOGY IN THE REGION
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Table 21

STRATIGRAPHIC COLUMN OF BEDROCK AND GLACIAL DEPOSITS IN THE REGION

System Series Formation Lithologic Description
Quaternary Recent Deposits Soils, muck, peat, alluvium, beach sand, and gravel. 0 to 5 feet thick.
Pleistocene Deposits Till and outwash sand and gravel. O to 430 feet thick.
Kenwood Shale, black, carbonaceous. Fossiliferous. No outcrops. Found in City of
Milwaukee intake tunnel—Lake Michigan. Approximately 55 feet thick.
Devonian Milwaukee Shale, shaly limestone; lower 1/3 dolomite. Fossiliferous. Approximately
130 feet thick.
Middle Erian Thiensville Dolomite, thick to thin-bedded. Some fossils. Small amounts of bitumen.
Approximately 65 feet thick.
Lake Church Dolomite, thick to thin-bedded. Fossiliferous. Pyritic in places. Approximately
27 feet thick.
Silurian Cayugan Waubakee Dolomite, thin-bedded, hard and brittle. Fossils scarce. Approximately 30 feet
thick,
Racine Dolomite, fine to coarsely crystalline. Thick- to thin-bedded. Barren to
fossiliferous. Approximately 100 feet thick.
Niagaran Manistique Dolomite—lower part thin-bedded. Fossils. Upper—fairly thin-bedded, cherty.
Many corals. Approximately 150 feet thick.
Burnt Bluff Dolomite, thick-bedded or thin-bedded. Lower part, a few fossils. Upper part,
semilithographic. No fossils. Approximately 110 feet thick.
Alexandrian Mayville Dolomite, thick-bedded, compact to coarsely crystalline. Brecciated in places,
cherty, many reef structures. Approximately 175 feet thick.
Ordovician Meda Red-brown oolitic iron ore and nonoolitic ore. Missing in Racine, Milwaukee,
Ozaukee, Door, and Dodge Counties. In lenses up to approximately
Cincinnatian b5 feet thick.
Maquoketa Shale, dolomitic and beds of dolomite. Fossiliferous. 90 to 225 feet thick.
Champlainian Salena Dolomite, thick- to thin-bedded, fine to coarsely crystalline. Cherty.
Shaly and sandy in places; some fossils. Approximately 227 feet thick.

Source: SEWRPC.

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.
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The commercial utilization of the Region’s mineral
resources, which is limited to the mining of nonmetal
deposits, 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-
dated material so as to form more or less homogeneous
and, therefore, commercially attractive deposits.

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
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Most of the Region is covered by unconsolidated glacial drift deposited by continental glaciers. This drift attains a thickness in excess of 500 fest in some preglacial
valleys. Dolomitic bedrock lies within 20 feet of the surface or is actually exposed as outcrops in areas totaling about 150 square miles. The northeasterly-
southwaesterly alignment of the rock outcrop sites indicates the presence of a buried preglacial bedrock ridge which is an important consideration in planning for and
construction of septic tank systems, public sewerage systems, and other public works projects that involve extensive trenching and excavation.

Source: T. O. Friz, Man and the Materials of Construction, How They Interrelate in the Seven Counties of Southeastern Wisconsin, Ph.D. Dissertation, University
of Wisconsin, Madison, Wisconsin, 1969.
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Map 19
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An abundant supply of sand and gravel deposits are scattered throughout southeastern Wisconsin, with the highest quality sources being found in glacial outwash
areas where flowing melt waters tended to sort the sand and gravel so as to form more or-less homogenaous, and therefora commarcially attractive, deposits, Sand
and gravel deposits, which are commarcially mined by strip-mining techniques, constitute a very important raw material for construction and certain industrial
activities in the Region in that they provide concrete aggregate, gravel for road subgrades and surfacing, sand for mortar, and molding sand. Conversaly, thesa
strip-mining activities are industrial in nature and may cause soil particles to be available for transport by significant amounts of precipitation runoff and by
stream waters.

Source: Wisconsin Geological and Natural History Survey and SEWRPC,
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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-
oped and maintained.

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 surveys have
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
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Map 20

GENERALIZED SOIL ASSOCIATION
GROUPS IN THE REGION
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As shown on this generalized soil map of the seven-county Southeastern Wisconsin Region, nearly one-half of the 2,689-square-mile Region is coversd by soils in

groups D, E, F, or G which are generally poorly suited for development with onsite soil absorption sewage disposal systems. The detailed soil survaey completed for
the Region in 1966 provides more definitive soils data for use in local, as well as regional, planning and developmant.

Source: U, 8. Soil Consarvation Service and SEWRPC,
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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 “B” 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 series® 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 planning are 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

8A soil series is defined as a group of soils developed
from a common parent material and having horizons with
similar characteristics, except for the texture of the
surface soil.
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Map 21

SUITABILITY OF SOILS IN THE REGION
FOR RESIDENTIAL DEVELOPMENT WITH
PUBLIC SANITARY SEWER SERVICE
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A recognition of the limitations inherent in the soil resource base is essential to the sound urban and rural developrent of the Region. About 716 square milas,
or 27 percent of the area of tha Region, are covered with soils which are poorly suited for residential development with public sanitary sewsr service or, more
pracisely, residential developmant of any kind. Thesa soils, which include wet soils having a high water table or poer drainage, organic soils which are poorly drained
and provide poor foundation support, and soils which have a flood hazard, are espacially prevalent in the riverine areas of the Region.

Source: U. 8. Soil Conservation Service and SEWRPC.
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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. It 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 to 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
to 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.

Suitebility of Soils for Sludge Application: The suitability
of soils for application of sewage sludge at acceptable
application rates is highly site specific, being dependent

Figure 15

SUMMARY OF SOIL SUITABILITY RATINGS WITH RESPECT TO SEWERAGE SYSTEMS IN THE REGION
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Map 22

SUITABILITY OF SOILS IN THE REGION
FOR SMALL LOT RESIDENTIAL
DEVELOPMENT WITHOUT PUBLIC
SANITARY SEWER SERVICE
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Approximately 1,637 square miles, or about 61 percent of the area of the Region, are covered by soils poorly suited for residential development on lots having an
area smaller than one acre and not servad by public sanitary sewerage facilities. Reliance on septic tank sewage disposal systems in these areas, which are covered by
relatively impervious soils or are subject to seasonally high water tables, can only result in eventual malfunctioning of such systems and the consequent intensifica-
tion of water pollution and public health problems in the Region.

Source: U, 8. Soil Conservation Service and SEWRPC.
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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 made land, such as landfills,
urban land, or water which would have to be analyzed on
a case-by-case 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. 8. 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 openings—or 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 paralle]l 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 maintained 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
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Map 23

SUITABILITY OF SOILS IN THE REGION
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Approximately 1,181 square miles, or about 44 percent of the area of the Region, are covered by soils poorly suited for residential development on lots having an
area of one acre or more and not served by public sanitary sewerage facilities, The inherent limitations of these soils for septic tank sewage disposal systems cannot
be overcome simply by the provision of larger lots, and tha use of such systems on these soils which cannot absorb the sewage effluent, ultimately results in surface

ponding and runoff of partially treated wastes into nearby watercourses,

Source: SEWRPC.
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Map 23 (continued)

Suitability Assuming Nonconventional
“Package’’ Septic Tank System
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The above map identifies those areas of the Ragion which, while naturally unsuited for residential devalopment with onsite soil absorption septic tank sewage
disposal systems on large lots, could eventually be subject to such developmant assuming widespread use of the new “package” septic tank sewage disposal
systems. Through the construction of artificial mounds and the utilization of mechanical dosing, the new systams overcome natural soil limitations relative to
impermeability, high groundwater, and shallow bedrock, These additional areas amount to approximately 466 square miles, or about 17 percent of the area in
the Region. Utilization of the new mound systems would require at least a one-acre parcel for a typical singla-family home.

Source: SEWRPC.
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Map 24

PRIME AGRICULTURAL AREAS
IN THE REGION
YEAR 2000 PLAN
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About 754 square miles, or nearly 28 parcent of the area of the Region, have
been identified in regional planning analyses for the year 2000 as prime
agricultural lands. The preservation of these lands in agricultural use will
contribute significantly to the maintenance of a healthy ecological balance
within the Region; provide for the production of certain food commodities
within close proximity to the urban centers of the Ragion; provide open
space to give form and structure to urban devalopment; and contribute to
the charm and beauty of the Region. To the extent practicable, sanitary
sawar service should be planned so as to discourage urban development in
these prime agricultural areas.

Source: SEWRPC.

are generally unsuited or poorly suited for most agricul-
tural or urban development purposes. Wetlands, however,
have important ecological 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
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to the national wetland classification system.” 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 conducted 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 time 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.

? Classification of Wetlands in the United States, Special

Scientifie Report: Wildlife No. 20, Fish and Wildlife
Service, 1953.



Map 25

SOIL SUITABILITY IN THE REGION
FOR SEWAGE SLUDGE APPLICATION
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Soil slope, depth to bedrock and groundwater, soil chemistry, and soil permeability all affect the suitability of sites for land application of sludges. Within the
Region, about 588 square miles, or 22 percent, are rated as severely limited for land application of sludge; 868 square miles, or 32 percent, are rated as moderately
limited; 944 square miles, or 35 percent, are rated as slightly limited; and about 290 squars miles, or 11 percent, are classified as made land such as landfills, urban
land, or watar which would have to be analyzed on a case-by-case basis.

Source: SEWRPC.
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Map 26

WOODLANDS IN THE REGION: 1970

Map 27

CHANGE IN WOODLANDS IN THE REGION: 1963-1970
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Woodlands currently occupy about 125,000 acres, or about 7 percent of the total land area
of the Region. Woodlands have much value beyond monetary return for forest preducts. The
maintanance of woodlands contributes to clean air and water and to the maintenance of a diver-
sity of plant and animal life. Woodlands also provide an attractive natural resource of immeasur-
able value. Significant concentrations of woodlands are located in the Kettle Moraine State
Forest and in sevaral major stream valley areas in Walworth and Waukesha Counties. Together,
these areas contain about 64,000 acres of woodland, reprasenting slightly over one-half of the
remaining woodlands in the Region.

Source: SEWRPC.
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Batween 1963 and 1970, there were both decreases in woodlands in certain areas of the Region,
largely due to conversion of woodlands to intensive urban and agricultural land uses, as well as
increasaes in woodlands in certain areas as a result of reforestation activity. The overall effect of
thase changes in woodlands between 1963 and 1970 was a net loss of about 5,100 acres, rapre-
senting a decrease in the total amount of woodlands since 1963 of about 4 percent. As shown on
the above map, there is a notable concantration of reforestation activities in the Kettle Moraina
State Forest area. Woodland losses were greatest in Waukesha County, where nearly 1,900 acres
were converted to intensive urban use,

Source: SEWRPC.



Table 22

WOODLANDS IN THE REGION BY COUNTY: 1963 AND 1970

Woodlands
1963? 1970 Change: 1963-1970
County Acres Percent Acres Percent Acres Percent
Kenosha ......... 9,616 7.4 9,112 7.3 - 504 -5.2
Milwaukee . . .. .... 3,455 2.6 3,213 2.6 - 242 -7.0
Ozaukee ......... 8,550 6.6 8,272 6.6 - 278 -33
Racine. . ......... 13,709 10.5 12,927 103 - 782 -5.7
Walworth. . . ... ... 32,750 25.1 31,755 253 - 995 -3.0
Washington ....... 27,855 214 27,410 219 - 455 -1.6
Waukesha, . . ...... 34,482 26.4 32,597 26.0 - 1,885 -55
Region 130,417 100.0 125,286 100.0 -5,131 -39

2 1dentification 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
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 included swamp 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.

Source: SEWRPC.

Table 23

SURFACE WATER AND WETLANDS IN THE REGION: 1963 AND 1970

Surface Water and Wetlands
1963? 1970 Change: 1963-1970
County Acres Percent Acres Percent Acres Percent

Kenosha ......... 19,584 10.7 19,445 10.8 - 139 -0.7
Milwaukee . . . ... .. 4,522 25 4,207 23 - 315 -7.0
Ozaukee ......... 15,083 8.3 14,879 8.2 - 204 -1.4
Racine. .. ........ 17,218 9.4 17,712 9.8 494 2.9
Walworth. .. ...... 39,164 215 39,160 21.7 - 4 b

Washington ....... 36,032 19.7 35,638 19.7 - 394 -11
Waukesha. . . ...... 50,871 27.9 49,789 27.5 -1,082 -21
Region 182,474 100.0 180,830 100.0 -1,644 -09

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

b Less than 0.1 percent.

Source: SEWRPC.
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Map 28

EXISTING WATER AND
WETLAND AREAS: 1970
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About 180,800 acres, or approximately 10 percent of the area of tha Region, were coverad by water and wetlands in 1970. Thase wetlands constitute a valuable
resource, supporting wide varieties of desirable forms of plant and animal life; assisting in reducing storm water runoff, stahilizing streamflows, and enhancing
stream water quality by functioning as nutrient and sediment traps; and providing aesthetically pleasing vistas on the landscape. The extent of water and wetlands
may change slightly over time as a result of drainage and landfill operations, as well as the construction of new impoundment areas. Furthermore, variations in
precipitation may cause the boundaries of wetland areas to fluctuate. As a result of these changes, there was a net decrease of about 1,600 acres, or approximately
1 percent, in the watar and wetland category in the Region batween 1963 and 1970.

Source: SEWRPC.
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Map 29

CHANGE IN WATER AND
WETLAND AREAS: 1963-1970

LEGEND
LOST PER QUARTER SECTION

80.0 OR MORE
400—799
BO—399

GAINED PER QUARTER SECTION

800 OR MORE
400-799

BO—-399

4 )2d
(9] Q
a a
m m
(0] 0]

AND WETLAND

b
]

m
Bm
(k]

.
*3
A e

As shown on the map, both increases and decreases in watar and wetland areas occurred in scattered fashion throughout the Region. On a county basis, the most
significant change occurred in Waukesha County, where thera was a net loss of 1,000 acres of wetlands batween 1963 and 1970.

Source: SEWRPC.
ree 1



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 lakes® 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.

8See Aquatic Plant Survey of Major Lakes in the
Fox River Watershed, Research Report No. 39, Wis-
consin Department of Natural Resources, 1969; Aquatic

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.
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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. Other fish species existing in the
lakes and 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, form 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
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Table 24

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

1963 1970 Change: 1963-1970
County Value? Acres Percent Acres Percent Acres Percent
Kenosha High 9,965 444 10,083 440 118 1.2
Medium 6,285 28.0 6,136 26.8 - 149 - 24

Low 6,189 27.6 6,683 29.2 494 8.0

Total 22,439 100.0 22,902 100.0 463 241

Milwaukee High 0 0.0 0 0.0 0 0.0
Medium 1,261 66.6 1,225 68.9 - 26 - 2.1

Low 626 334 553 31.1 - 73 -11.7

Total 1,877 100.0 1,778 100.0 - 99 - 6.3

Ozaukee High 6,082 38.4 6,033 38.1 - 49 - 08
Medium 8,422 58.1 8,310 52.4 - 12 - 1.3

Low 1,341 8.5 1,512 95 171 12.8

Total 15,845 100.0 15,855 100.0 10 0.1

Racine High 9,044 23.8 8,945 334 - 99 -1
Medium 8,177 30.5 8,015 30.0 - 162 - 20

Low 9,653 35.7 9,803 36.6 250 26

Total 26,774 100.0 26,763 100.0 -1 -C

Walworth High 28,754 45.2 26,890 427 -1,864 - 65
Medium 20,272 31.9 20,775 329 503 25

Low 14,693 229 15,368 244 775 5.3

Total 63,619 100.0 63,033 100.0 - 586 - 09

Washington High 19,844 38.3 19,340 37.2 - 504 - 25
Medium 21,380 41.2 21,414 41.2 34 0.2

Low 10,623 205 11,240 216 617 5.8

Total 51,847 100.0 51,994 100.0 147 0.3

Waukesha High 32,421 411 31,710 40.9 - N - 2.2
Medium 28,809 36.6 28,255 36.5 - 554 - 19

Low 17,559 223 17,542 22.6 - 17 - 041

Total 78,789 100.0 77,507 100.0 - 1,282 - 16

Region High 106,100 40.6 103,001 39.6 - 3,109 - 29
Medium 94,596 36.2 94,130 36.3 - 466 - 05

Low 60,484 23.2 62,701 24.1 2,217 37

Total 261,190 100.0 259,832 100.0 - 1,358 - 05

aHigh-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 of 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.

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.

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

€ Less than 0.05 percent.
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Map 30

WILDLIFE HABITAT IN THE REGION: 1970
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The remaining wildlife habitat areas and the wildlife therein provide an important recreational

resource and constitute a valuable aesthetic asset of southeastern Wisconsin. As of 1970, approxi-
mately 260,000 acres, or 15 percent of the area of the Region, were identified as wildlife habitat.

Source: Wisconsin Department of Natural Resources and SEWRPC.

Map 31
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From 1962 to 1970 thera was a net loss of about 1,300 acres of wildlife habitat in the Region.
This loss represents about one-half of 1 percent 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 wildlife habitat was destroyed by conversion to urban development during this period, as
well as those areas whare additional wildlife habitat areas were found in the 1970 inventory. The
increases in wildlife habitat may be attributed to a number of reasons, including raforestation,
impoundment and wetland creations, and the restoration of lands formerly used for agriculture
to “natural” uses, including the establishment of wildlife cover. The most severe losses in the
high-value wildlife habitat areas during the 1963 to 1970 period occurred in Waukesha and
Walworth Counties. Continued encroachment of incompatible rural as well as urban development
into the remaining wildlife habitat areas of the Region will inevitably lead to a decline in wildlife
population and contribute to the deterioration of the overall quality of life within the 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 interlobate moraines,
and ground moraines. Some lakes, such as Green Lake
in northeastern Washington County or Browns Lake in
southwestern Racine County, owe their origin to 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 Region, and provide
141 miles of shoreline. These small lakes generally 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 to the
headwater portions of such tributaries to the Rock as
the Bark and Oconomowoc Rivers and Turtle Creek.

98ee Appendix C of SEWRPC Planning Guide No. 5,
Fioodland and Shoreland Development Guide, for a more
detailed 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 Comprehensive Plan for the Fox River Watershed,
Volumes 1 and 2, and SEWRPC Planning Report No. 13,
A Comprehensive Plan for the Milwaukee River Water-
shed, Volumes 1 and 2.
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Map 32

MAJOR LAKES IN THE REGION

R o i
BRI g

There are 100 major lakes, 50 acres or larger, in the Southeastern Wisconsin
Region. These lakes are located in four of the 12 major watersheds of the
Region—the Des Plaines, Fox, Milwaukee, and Rock River watersheds—and
in six of the seven counties comprising the Region, Milwaukee County being
the only county containing no major lakes. Of the 100 major lakes, 42 are
flow-through lakes having one or more major inlets and outlets; 30 are
headwater lakes having outlets but no inlets; and 28 are groundwater or
internally drained lakes—sometimes called kettle lakes—having no inlets
or outlets. The largest and deepest lake in southeastern Wisconsin is
Genava Lake with a surface area of 5,262 acres and a maximum depth
of 136 feet. Of the 65 lakes rated for trophic status as of 1975, 19 percent
were categorized as very eutrophic {highly fertile); 12 percent as eutrophic
(fertile); 57 percent as mesotrophic {moderately fertile); and 12 percent
as oligotrophic (infertile). The lakes are an integral part of the aesthetic,
biological, and recreational fabric of the Region. They constitute some
of the Region’s most important natural resources, and stir a unique level
of concern for resource management decisions among the residents of
southeastern Wisconsin.

Source: SEWRPC.

Three of the 12 watersheds contained wholly or partly
in southeastern Wisconsin—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 AND STREAMS IN THE REGION BY COUNTY

Lakes®
Majcrb Minor®
Total Total
Count Surface Area Total oot Lake Surface Area Total
ounty Percent| Shoreline 9 @ Percent | Shoreline
Area Square of Length Area Square of Length
Name {square miles) | Number| Miles | County| (miles) Name (acres) Number | Miles | County | {miles)
Kenosha . . .. 278.28 15 5.06 1.82 48.62 | Elizabeth Lake 637.80 9 0.27 0.10 5.85
Milwaukee . . . 24219 - - - - - - 40 0.26 0.1 14.99
Ozaukee .. .. 234.49 2 0.47 0.20 4,75 | Mud Lake 245.40 36 0.63 0.27 25.40
Racine. . . . .. 339.87 10 5.48 1.61 59.62 | Wind Lake 936.20 7 0.17 0.05 4.59
Walworth. . . . 578.08 25 19.562 3.38 131.40 | Lake Geneva 5,262.40 9 0.35 0.06 9.10
Washington . . 435.50 15 422 0.97 40.59 | Big Cedar 932.00 43 0.70 0.16 24.32
Waukesha. . . . 580.66 33 22.07 3.80 162.89 | Pewaukee 2,493.00 84 1.62 0.28 57.08
Region 2,689.07 100 56.82 2.1 447.77 - 10,506.80 228 4.00 0.15 141.33
Lakes?
Total Major Streamsd
Total Total
Surface Area Surface Area
County Total
Percent Shoreline Total Percent
Area Square of Length Length Square of
Name (square miles) Number Miles County {miles) Number {miles) Miles County
Kenosha . . .. 278.28 24 5.33 1.92 54.47 19 106.40 0.73 0.03
Milwaukee . . . 24219 40 0.26 0.11 14.99 15 102.99 0.62 0.03
Ozaukee . ... 234.49 38 1.10 0.47 30.15 29 112.20 1.25 0.05
Racine. . . ... 339.87 17 5.65 1.66 64.11 14 100.55 0.96 0.01
Walworth. . . . 578.08 34 19.87 3.44 140.50 29 173.00 0.58 0.01
Washington . . 435.50 58 4,92 1.13 64.91 38 219.80 1.03 0.02
Waukesha. . . . 580.66 117 23.69 4.08 219.97 50 333.30 1.31 0.02
Region 2,689.07 328 60.82 2.26 589.10 194 1,148.24 6.48 0.02

4 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,
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.

b A major lake is defined as one having 50 acres or more of surface water area.
€ A minor lake is defined as one having less than 50 acres of surface water area.

dMajor streams include those watercourses having a perennial flow or those intermittent streams that have been named in SEWRPC Planning
Guide No. 5.

Source: Wisconsin Department of Natural Resources and SEWRPC.
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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

Figure 16

SIZE AND DISTRIBUTION OF WATERSHEDS
IN THE REGION BY COUNTY
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Major streams are defined herein as perennial streams
which maintain, at a minimum, a small, continuous flow Source: SEWRPC.
Table 26
WATERSHEDS IN THE REGION BY COUNTY
County
Kenosha Milwaukee Qzaukes Racina Walwaorth Washington Waukasha WTOE: "
atarshe
Area Parcent Area Percant Area Percant Araa Percent Area Percent Araa Parcant Area Parcant Area Within | Parcant
i (square of (square of (square of [squara of (square of (square of {square of Region of
Watershad™ miles) | Watershad | miles) | Watershed | milas) | Watershed | miles) |Watershad | miles) | Watershed | miles) | Watarshed | miles) |Watershed | (square miles) | Region
Fox Rl\ferd'f ........ 96.33 1031 0.46 0.05 - - 164.34 17.69 337.39 36.11 0.30 0.03 335.49 35.90 934.31 34.74
Rock River . ... ..., .- -- - - - - - - 239.06 39.04 178.68 29.18 199.67 31.79 612.41 22.77
Milwauksa Hiv?ra'f. Rorc .- - 57.40 13.26 150.62 34.79 - - - - 22498 51.96 o o 433.00 16.10
Root River®®t | 2.18 1.1 58.65 20.79 - % 12294 | 6245 o e 13.10 6.65 196.87 7.32
Menamonse River® - - 56.08 40,62 11.76 8.65 - = 8 31.75 | 23.36 37.76 | 27.77 135.94 5.06
Das Plainas Rivar 12281 a1 581 - - - - 11.37 34D - - - - - 13%.98 4.98
Minor Tributarias
to Lake Michigan®®, . | 2714 | 28.41 19.89 20.82 27.47 28.76 21.02| 22.00 = = - 95.52 3.55
Pike River™. .. ... .. 30,02 | 59.26 s = = - 20.64 | 4074 - - 50.66 1.88
SaukCﬂ;ekﬂ ........ 27 - - = 33 100.00 - .- = 2= v 33.71 1.26
Oak Craek®® ... . ., . - 26.33 | 100.00 & = - = 2 - “ 26.33 0.97
Kinnickinnic River™®, . . - 2486 | 100.00 % & = & 24,85 0.92
Shaboygan River®. . . . . - = - 11.43 | 10000 - - 11.43 0.43
Total 278.28 24266 23499 340.31 - 576.45 435,71 580.61 -- 2,689.01 100.00

& aias o "
Includes anly that area af sach watershed that lies within the seven-county Southeastern Wisconsin Region.

L. Watarsheds are listed in arder of decreasing size within the Region.

“ Indicates watershad wholly contained within the Region.

d!ndr'cares watershed west of the subcontnental divide that is tributary to the Mississippi River basin. Three watersheds having a combined area of 1,682.66 square mites. or about 2.6 percent of the Region, are in

this category.

? Indicates watershed east of the subcontinental divide that is tributary to the Great Lakes-St, Lawrence River basin, Nine watersheds having a combined area of 1,006.56 square miles, or 37.4 percent of the Region,

are in this category,

f Indicates watersheds far which comprehensive watershed plans have been prap

and &

Source: SEWRPC.
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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
Report No. 17, Water Quality in Lakes and Streams of
Southeastern Wisconsin: 1964-1975. This report updated
an earlier report, SEWRPC Technical Report No. 4, Water
Quality and Flow of Streams in Southeastern Wisconsin,
which documented the results of a 14-month study 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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Map 33

FLOODLANDS IN THE REGION

LEGEND

FLOODLANDS DELINEATED BY SEWRPC (BASED ON
HYDROLOGIC AND HYDRAULIC STUDIES CONDUCTED
WITHIN COMPREHENSIVE WATERSHED PLANNING
CONTEXT; ICO-AND 10-YEAR RECURRENCE INTERVAL
FLCOD STAGES ESTABLISHED)

&

FLOODLANDS DELINEATED BY U.5. ARMY CCRPS OF
ENGINEERS (BASED ON HYDROLOGIC AND HYDRAULIC
STUDIES; IDO-AND 10-YEAR RECURRENCE INTERVAL
FLOOD STAGES ESTABLISHED)

FLOODLANDS DELINEATED BY U.S. GEOLCGICAL
SURVEY {BASED EITHER ON SELECTED HISTORICAL
FLOCDS OR REGIONAL STAGE-FREQUENCY
RELATIONSHIPS; I0G-YEAR RECURRENCE INTERVAL
FLOOD INUNDATION AREAS ESTABLISHED)

FLOCDLANDS DELINEATED BY U.S. SOIL
COMSERVATION SERVICE IN COOPERATION WITH
OZAUKEE COUNTY (BASED ON SOILS DATA)

FLOCDLANDS DELINEATED BY WALWORTH
COUNTY (BASED ON SCILS DATA SUPPLEMENTED
BY HYDROLOGIC AND HYDRAULIC STUDIES; 100~
YEAR RECURRENCE INTERVAL FLOOD STAGES
ESTABLISHED)

FLOODLANDS DELINEATED BY U.S. SOIL
CONSERVATION SERVICE IN COOPERATION WITH
WASHINGTON CCUNMTY (BASED ON SCILS DATA)

FLOODLANDS DELINEATED BY WAURKESHA
COUNTY (BASED ON SCILS DATA)

STREAM REACHES FOR WHICH
LARGE-SCALE FLOOD HAZARD
MAPS ARE AVAILABLE
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Dalineation of the floodlands of southeastern Wisconsin is extramely important for sound local as well as regional planning and development. The above map summarizes the status of floodland data in
the Region ss of the end of 1977. The Commission itself, as an integral part of its comprehansive watershed studias, provides definitive data on tha 10- and 100-year recurrence interval flaods for most
of the perennial stresms in each watarshed studied. Othar agencias which have to date made flood hazard data available for various stream reaches in the Region are the U. S, Army Corps of Enginaers, the
U. S. Geclogical Survey, and the U. 5. Soil Conservation Service, acting in cooperation with the Comrission and with county zening and planning staffs in Ozaukee, Washington, Waukesha, and Walwarth
Counties. In addition ta identifying the stream reaches for which existing flood hazard data in the Region are available and the agency from which the data ara available, the above map shows those stream
reaches for which detailed, large-scale flood hazard maps are available from the Commission, These maps are available at scales of 1 = 100" with 2' contour intervals, or 1" = 200" with 2”4’ contour
intarvals, and enable precise delineations of the fioodplains to ba accomplished.

Source: SEWRPC.
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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 13 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 aquifer—of 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 to 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 34

POTENTIOMETRIC SURFACE OF THE
SANDSTONE AQUIFER: 1973-1974

LEGEND

AVERAGE ELEVATION OF THE
POTENTIOMETRIC SURFACE OF THE
SHALLOW BEDROCK AND THE
OVERLYING GLACIAL DRIFT.
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The slavation of the water table—the alevation to which water would rise in an open well which just penetrates the saturated zone—ranges from a high of 1,100 faet
above mean sea level datum in the northwestern portion of the Region to a low of 540 feet above mean ssa level datum in the east-central portion of the Region.
This water table provides a potable water supply for a significant proportion of the resident populatian, but is of poor quality in localized portions of the Region.
This very complex shallow aquifer is locally recharged and can be adversely affected by improper land and wastewater management of the overlying areas unless
proper precautions are taken.

Source: U. 8. Geological Survey and SEWRPC.
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Map 35

DEPTH TO SEASONAL
HIGH GROUNDWATER
LEVELS IN THE REGION
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The depth to the seasonally high groundwater in the Region may be expected to be less than 10 feet beneath tha land surface for about 33 percent of the Region,
between 10 and 30 feet beneath the land surface for 56 percent of the Region, and in excess of 30 feet beneath the surface for the remaining 11 percent of the
Region. In addition to the effects on the potential for private watar supply from shallow wells, this physical feature has an effect on groundwater quality, and the

viability of various liquid and solid waste disposal methaods in specific areas of the Ragion,

Source: U. 8. Geological Survey and SEWRFC.
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POTENTIAL FOR GROUNDWATER
POLLUTION IN THE REGION
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Areas of the Region may be classified according to their susceptibility to groundwater contamination based upon the depth to bedrock, soil permeability, and depth
to water table—all measures of the ability of the unconsolidated glacial drift to serve as a filter to protect groundwater quality. Principal consideration is given to
conditions that would affect groundwater contamination in the shallow sand and gravel aquifers and in the dolomite aquifers. About 18 percent of the Region has

a high potential for groundwater contamination, 45 parcent a moderate potential, and 37 percent a low potential,

Source: U. S. Geological Survey and SEWRPC.
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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 primary 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 to the
lakes and streams and associated undeveloped shorelands
and floodlands. These corridors also contain many 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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Approximately one-fifth of the Region lies within primary environmental corridors, which encompass almost all of the best remaining woodlands and wetlands,
the best remaining wildlife habitat areas, almost all of the straams and lakes and associated undeveloped floodlands and shorelands, and many of the significant
topographical, geographical, and historical features remaining in the Region. The preservation of these corridors in compatible open uses is essential to maintaining
the overall guality of the environment within the Region. Sanitary sewer service should be planned so as to discourage urban development in these primary environ-
mantal corridors,

Source: SEWRPC.
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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 20.7°F to
a July high of 71.09F. 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 primarily because the insulating capability
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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
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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 known 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 seven-county 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 13 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
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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
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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 corridors 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 corridors 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.

An important exception are the data provided by the
major benchmark study of surface water quality con-
ducted by the Regional Planning Commission in 1964
and the continuing water quality monitoring program
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 