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SOUTHEASTERN ~ WISCONSIN ~ REGIONAL  PLANNIN(

916 NO. EAST AVENUE L] WAUKESHA, WISCONSIN 53186 L4

Serving the Counties of]

December 14, 1970

STATEMENT OF THE CHAIRMAN

The Southeastern Wisconsin Regional Planning Commission has, since its inception, recognized the importance of water and water-
related resource problems within the rapidly urbanizing Southeastern Wisconsin Region. The Commission, after careful considera-
tion, concluded that such problems could best be addressed within the framework of comprehensive watershed planning programs and,
therefore, agreed to undertake a series of such watershed planning programs, with the individual programs, however, being initiated
only upon the specific request of the local units of government concerned. The resulting comprehensive watershed plans are intended
to provide the basic regional storm water drainage plan element and the basic regional water pollution abatement plan element of a
comprehensive plan for the physical development of the Region, as well as to provide important inputs to the regional sanitary
sewerage system, regional water supply system, and regional park and related open-space system plan elements.

Pursuant to the Commission's established policy in this respect, on December 15, 1964, the Common Council of the City of Mil-
waukee formally requested the Southeastern Wisconsin Regional Planning Commission to undertake a comprehensive study of the
Milwaukee River watershed looking to the ultimate resolution of the serious and costly flooding and water pollution problems within
that watershed which affect the property and general welfare of its citizens and which can only be properly resolved within the
context of a long-range comprehensive watershed planning effort. On February 2, 1965, the Board of Supervisors of Milwaukee
County formally adopted a similar request. The Commission accordingly on September 14, 1965, formed the Milwaukee River
Watershed Committee, a Committee comprised of 26 local public officials and citizen leaders drawn from throughout the watershed
to assist the Commission in its study of the watershed. That Committee prepared a Prospectus for a comprehensive study of the
Milwankee River watershed, a Prospectus which, with the formal approval of the five county boards concerned, became the basis for
the conduct of the actual watershed planning program. The ultimate purpose of that program was to prepare a comprehensive plan
for the physical development of the watershed designed not only to solve the pressing problems of flooding, water pollution, and
changing land use which exist within that watershed, but to most advantageously develop the total land and water resources of that
watershed and thereby provide an environment for human life within the watershed which is attractive, as well as safe and healthful,

This study represents the first planning program to be conducted by the Commission which includes considerable portions of counties
lying outside the seven-county Southeastern Wisconsin Planning Region. It is gratifying that the County Boards of Fond du Lac and
Sheboygan Counties, which contain the headwater portions of this watershed, have cooperated in this work both as to funding and the
conduct of this very important watershed study.

The final planning report for this study will consist of two volumes, This, the first volume, presents a summary of the required
inventory findings, as well as forecasts of future growth and development within the watershed. These inventories and forecasts
provide the basis for an in-depth analysis of the resource-related problems and, as such, the basis for the preparation of alternative
watershed plan elements and for the selection, after public hearings, of a final plan from among these alternatives. The inventories
also provide for all time an invaluable bench mark of historic data upon which future studies of the watershed can be built.

In accordance with the advisory role of the Commission, this volume is transmitted herewith to the governmental agencies operating
within the watershed and within the Region. Consideration and careful review of this volume by all responsible public officials con~
cerned is urged, since out of this volume, as previously indicated herein, will grow definitive plans and specific recommendations
for the resolution of the resource-related problems of the Milwaukee River watershed. During the next few months, many meetings
and hearings on the contents of this volume and on the available alternative solutions to the problems of the watershed will be held.
The results of these meetings and hearings and the reactions of public officials and interested citizens will weigh heavily on the
effectiveness of the solutions proposed to meet the growing resource problems of the watershed. These proposed solutions will be
set forth and documented in the second volume of this report.

With the assistance of concerned public officials and interested citizens, lasting guidelines for the abatement of detrimental land and
water resource uses and for the proper development of these resources can be provided and the protection and wise use of the
natural resource base of the watershed assured.

Respectfully submitted,

et

George C. Berteau
Chairman
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Chapter I

INTRODUCTION

The Milwaukee River watershed study is the third
comprehensive watershed planning program to
be carried out by the Southeastern Wisconsin
Regional Planning Commission. Since this water-
shed study is an integral part of the Commission
work program, an understanding of the need for,
and objectives of, regional planning and the man-
ner in which these needs and objectives are being
met in southeastern Wisconsin is necessary to a
proper appreciation of the Milwaukee River water-
shed study and its findings and recommendations.

NEED FOR REGIONAL PLANNING

Regional planning is herein defined as compre-
hensive planning for a geographic area larger than
a county but smaller than a state, united by eco-
nomic interests, geography, or common areawide
development problems. The need for such plan-
ning has been brought about by certain important
social and economic changes which, while national
phenomena, have far-reaching impacts on the
problems facing local government. These changes
include: unprecedented population growth and
urbanization; increasing agricultural and indus-
trial productivity, income Ilevels, and leisure
time; generation of mass recreational needs and
pursuits; increasingly intensive use and consump-
tion of natural resources; development of pri-
vate water supply and sewage disposal systems;
development of far-flung electric power and com-
munications 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 cre-
ating new and intensified areawide development
problems of an unprecedented scale and com-
plexity. Rural, as well as urban, people must
increasingly concern themselves with these prob-
lems or face irreparable damage to their land and
water resources,

The areawide problems which necessitate a
regional planning effort in southeastern Wisconsin
all have their source in the unprecedented popula-

tion growth and urbanization occurring within the
Region. These areawide problems include, among
others: inadequate drainage and mounting flood
damages; underdeveloped sewerage and inadequate
sewage disposal facilities; impairment of water
supply and increasing pollution; deterioration and
destruction of the natural resource base; rapidly
increasing demand for outdoor recreation and
for park and open-space reservation; inadequate
transportation facilities; and, underlying all of
the foregoing problems, rapidly changing and
unplanned land use development. These problems
are all truly regional in scope since they tran-
scend the boundaries of any one municipality and
can only be resolved within the context of a com-
prehensive regional planning effort involving, on
a cooperative basis, all levels of government
concerned.

THE REGIONAL PLANNING COMMISSION

The Southeastern Wisconsin Regional Planning
Commission (SEWRPC) represents an attempt to
provide the necessary areawide planning services
for one of the large urbanizing regions of the
nation. The Commission was created in August
1960, under the provisions of Section 66. 945 of the
Wisconsin Statutes, to serve and assist the local,
state, and federal units of government in planning
for the orderly and economical development of
southeastern Wisconsin. The role of the Commis-
sion is entirely advisory; and participation by
local units of government in the work of the Com-
mission is on a voluntary, cooperative basis. The
Commission itself is composed of 21 citizen
members, who serve without pay, three from each
county within the Region.

The powers, duties, and functions of the Commis-
sion and the qualifications of the Commissioners
are carefully set forth in the state enabling leg-
islation. The Commission is authorized to employ
experts and a staff as necessary for the execution
of its responsibilities. Basic funds necessary to
support Commission operations are provided by
the member counties, the budget being appor-
tioned 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 objectives
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 Commis-
sion, is not a substitute for, but a supplement to,
local, state, and federal planning efforts. Its
objective is to aid the various levels and units of
government in finding solutions to areawide devel-
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opmental and environmental problems which can-
not be properly resolved within the framework of
a single municipality or a single county. As such,
regional planning has three principal functions:

1. Inventory—the collection, analysis, and
dissemination of basic planning and engi-
neering data on a uniform, areawide basis
so that, in light of such data, the various
levels and agencies of government and pri-
vate investors operating within the Region
can better make decisions concerning com-
munity development.

2. Plan Design—the preparation of a frame-
work of long-range plans for the physical
development of the Region, these plans
being limited to those functional 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 empha-
sizing, however, the preparation of alter-
native spatial designs for the use of land
and for the supporting transportation and
utility facilities.

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

The work of the Commission is, therefore, visu-
alized as a continuing planning process providing
outputs of value to the making of development
decisions by public and private agencies and to the
preparation of plans and plan implementation pro-
grams at the local, state, and federal levels of
government. The work of the Commission empha-
sizes close cooperation between the governmental
agencies and private enterprise responsible for
the development and maintenance of land uses
within the Region and for the design, construction,
operation, and maintenance of their supporting
public works facilities. All of the Commission
work programs are intended to be carried out

within the context of a continuing planning pro-
gram 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, as
shown on Map 1, is comprised of Kenosha, Mil-
waukee, Ozaukee, Racine, Walworth, Washington,
and Waukesha Counties in southeastern Wisconsin.
Exclusive of Lake Michigan, these seven counties
have a total area of 2,689 square miles and
together comprise about 5 percent of the tfotal
area of the State of Wisconsin. About 40 percent
of the state population, however, resides within
these seven counties, which contain three of the
five and one-half standard metropolitan statistical
areas in the state. The Region contains approxi-
mately one-half of all the tangible wealth in the
State of Wisconsin as measured by equalized
valuation and represents the greatest wealth~
producing area of the state, about 42 percent of
the state labor force being employed within the
Region. It contributes about twice as much in
state taxes as it receives in state aids. The
seven-county Region contains 153 local units of
government exclusive of school and other special-
purpose districts and encompasses all or parts of
11 major watersheds. The Region has been subject
to rapid population growth and urbanization and,
in the decade from 1950 to 1960, accounted for
64 percent of the population increase of the entire
state.

Geographically the Region is located in a rela-
tively good position with regard to continued
growth and development. It is bounded on the east
by Lake Michigan, which provides an ample supply
of fresh water for both domestic and industrial
use, as well as being an integral part of a major
international transportation network. It is bounded
on the south by the rapidly expanding northeastern
Illinois metropolitan region and on the west and
north by the fertile agricultural lands and desir-
able recreational areas of the rest of the State of
Wisconsin. 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 31 million people reside within
this radius.



LOCATION OF THE MILWAUKEE RIVER WATERSHED
IN THE SOUTHEASTERN WISCONSIN REGION
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The Milwaukee River watershed is an integral part of the rapidly urbanizing seven-county Southeastern Wisconsin
Region. This Region, while comprising only 5 percent of the total area of the state, contains over 40 percent of the state's
population, provides employment for almost one-half of the state’s labor force, and contains over one-half of all the tangi-
ble wealth of the state. The Milwaukee River watershed is the third largest natural surface water drainage basin in the Re-
gion. About 31 percent of the current (1967) population of the Region resides within the watershed, which comprises about
16 percent of the area of the Region. In the lower reaches of the watershed are found some of the most intensely urbanized
portions of the Region, including the largest city in the Region, the City of Milwaukee.

Source: SEWRPC.



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 were directed toward
providing a basic foundation of planning and engi-
neering data for regional planning and were docu-
mented in six published planning reports. None of
these studies involved the preparation of plans.
Their findings, however, provided a valuable point
of departure for all subsequent Commission work,
including the Milwaukee River watershed planning
program,

Also as a part of its initial work program, the
Commission adopted a policy of community plan-
ning assistance wherein functional guidance and
advice on planning problems are extended to local
units of government and through which regional
planning studies are interpreted locally and re-
gional plans may be integrated with local plans.
Six local planning guides have been prepared to
date under this community assistance program to
provide municipalities throughout the Region with
information helpful in the preparation of sound
local planning and plan implementation codes and
ordinances. These guides will aid in implementing
regional, as well as local, plans and will further
assist local public officials in carrying out their
day-to-day planning functions. The subjects of
these guides are: subdivision control, official
mapping, zoning, organization of local planning
agencies, floodland and shoreland development,
and use of soil survey data in planning and devel-
opment. All include model ordinances, and all
provide a framework for plan implementation
through local land use control measures.

Land Use-Transportation Study
The first major work program of the Commission
actually directed toward the preparation of long-

range development plans was a regional land
use-transportation study, which was initiated in
January of 1963 and completed in December of
1966. This program produced two of the key ele-
ments of a comprehensive plan for the physical

development of the Region: a land use plan and a
transportation plan. The findings and recommen-
dations of the regional land use-transportation
study, which has provided many important inputs
to the comprehensive watershed planning pro-
grams of the Commission, have been published in
the three-volume SEWRPC Planning Report No. 7,
Regional Land Use and Transportation Plans; in

SEWRPC Planning Report No. 8, Soils of South-
eastern Wisconsin; and in five supporting techni-
cal reports, including SEWRPC Technical Report
No. 4, Water Quality and Flow of Streams in
Southeastern Wisconsin.

Root River Watershed Study

The Root River watershed study was the first
comprehensive watershed planning program and °
the second major work program actually directed
toward the preparation of long-range development
plans to be undertaken by the Commission. This
program was initiated in July of 1964 and com-
pleted in July of 1966. The results of the Root
River watershed study have been published in
SEWRPC Planning Report No. 9, entitled A Com-
prehensive Plan for the Root River Watershed,

and in supporting SEWRPC Technical Report
No. 2, Water Law in Southeastern Wisconsin.

The study embodied an analysis and evaluation of
three alternative land use plans: 1) an uncon-
trolled existing trend plan, which would, in effect,
continue the recent trends to a highly dispersed
pattern of low-density residential development
throughout the watershed, impose no regulations
on land use in the floodways and floodplains of the
streams and watercourses, and require no adjust-
ment of development to soil capabilities or sani-
tary sewer service areas; 2) a controlled existing
trend plan, which would require land use regula-
tion at the local level of government to ensure
protection of the floodplains and floodways from
urban encroachment and which would guide new
urban development into those areas of the water-
shed which can be readily served by extension of
existing centralized public sanitary sewerage sys-
tems; and 3) a controlled existing trend-parkway
and recreation land development plan, which
would, in addition to the second alternative, pro-
vide for the acquisition and development of certain
urbanizing portions of the river floodways and
floodplains for public parkway use. These three
land use alternatives were accompanied by, and
combined with, six different water control facility
plans directed at flood control and four water con-
trol facility plans directed at pollution abatement,



The Commission adopted the comprehensive plan
for the Root River watershed on September 22,
1966. The plan has been enthusiastically received
to date by the local units of government and full
implementation is anticipated. The recommended
plan has been formally adopted by the Milwaukee
and Racine County Boards of Supervisors; by the
Common Councils of the Cities of Franklin, Oak
Creek, and Racine; and by the Town Board of the
Town of Mt. Pleasant. The Metropolitan Sewerage
Commission of the County of Milwaukee has for-
mally acted to change its sanitary sewer service
areas to conform to the watershed plan recom-
mendations and has indicated its intent within the
watershed to depart from its historic channel
improvement approach to flood abatement in
accordance with the plan. The Milwaukee County
Park Commission is proceeding with the recom-
mended parkway land acquisition and has formally
expressed its intent to construct the recommended
multi-purpose reservoir. The Cooper-Dixon Duck
Farm and the Wisconsin Southern Colony have
initiated recommended improvements in waste
treatment facilities. The Racine County Board
has, upon recommendations contained in the final
planning report, retained a full-time park planner
and administrator with specific responsibilities
for implementation of the park and parkway ele-
ments of the recommended plan in Racine County.

Fox River Watershed Study

The Fox River watershed study was the second
comprehensive watershed planning program and
the third major work program directed toward the
preparation of long-range development plans to be
undertaken by the Commission. This program was
initiated in November of 1965 and completed in
February 1970. The results of the Fox River
watershed study have been published in SEWRPC
Planning Report No. 12, A Comprehensive Plan
for the Fox River Watershed, Volume 1, Inventory
Findings and Forecasts, and Volume 2, Alterna-
tive Plans and Recommended Plan.

The Fox River watershed study differed from the
Root River study as it was not conducted for an
entire watershed but only for the headwater por-
tion 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 area with the 1,640 square
mile portfion of the Fox River watershed located in
Illinois.

Unlike the Root River watershed study but like the
Milwaukee River watershed study, the Fox River
watershed study embodied analysis and evaluation
of only two alternative land use plans: 1) an
uncontrolled existing trend plan, and 2) a con-
trolled existing trend plan, the latter encom-
passing, however, several alternative recreation
and recreation-related resource conservation ele-
ments. These two basic land use alternatives
were accompanied by, and combined with, six
different water control facility plan elements
directed at flood control, four water control facil-
ity plan elements directed at pollution abatement,
and three water supply facility plan elements. The
Commission adopted the comprehensive plan for
the Fox River watershed on June 4, 1970.

THE MILWAUKEE RIVER WATERSHED STUDY

The Milwaukee River watershed study is the third
comprehensive watershed planning program to be
undertaken by the Commission. It is, however,
the first such study to be conducted by the Com-
mission for a watershed, a significant portion of
which lies outside the boundaries of the South-
eastern Wisconsin Region. As shown on Map 2,
approximately 264 square miles, or about 38 per-
cent of the total area of the Milwaukee River
watershed, is located in Dodge, Fond du Lac, and
Sheboygan Counties, counties which lie outside
the jurisdictional boundaries of the seven-county
Southeastern Wisconsin Planning Region.

Although the entire Milwaukee River watershed,
from its headwater area to its mouth on Lake
Michigan, was to be included in the comprehensive
watershed planning program with respect to the
land use and flood control plan elements of the
study, primary attention with respect to the pollu-
tion abatement elements of the study was to be
centered on the 688 square mile watershed area
situated upstream from the North Avenue Dam in
the City of Milwaukee, That portion of the Mil-
waukee River below the North Avenue Dam acts as
an estuary of Lake Michigan; and it is the Com-
mission opinion that, with respect to pollution
abatement, this estuary should be studied sepa-
rately from not only the Milwaukee but also from
the Menomonee and Kinnickinnic Rivers, which
also discharge to this estuary below the North
Avenue Dam. The Menomonee River joins the
Milwaukee River estuary at a distance of only
5,200 feet from the mouth of the estuary on the
shore of Lake Michigan, while the Kinnickinnic
River joins the estuary at a distance of only 1, 800
feet from the mouth of the estuary (see Figure 2).



Figure 2

THE LAKE MICHIGAN ESTUARY AS FORMED BY THE
CONFLUENCE OF THE MILWAUKEE, MENOMONEE, AND KINNICKINNIC RIVERS

Source: SEWRPC.

As already noted, the Commission believes that
the delineation of watersheds as planning areas
must recognize not only the physical features
influencing a technically sound watershed planning
operation but also the existence of a significant
community of interest upon which the active par-
ticipation of local officials and citizen leaders in
the planning effort can be obtained. Because the
Menomonee and Kinnickinnic Rivers join the Mil-
waukee River in its estuary portion and do so
virtually at the Lake Michigan shoreline, any

attempt to relatethe water resource-related prob-
lems of the Menomonee and Kinnickinnic River
basins to those of the Milwaukee River basin
would be tenuous even from a purely physical
standpoint. More importantly, however, the pro-
motion of a single community of interest through-
out all three of these river basins would be
most difficult, Residents of the Menomonee and
Kinnickinnic River basins have little in common
with respect to land and water resource problems
with residents of the Milwaukee River basin. The



three rivers do little more than share a common
estuary, which estuary should, in accordance with
the Commission position as stated above, be
studied separately, as should each of the three
tributary watersheds.

Thus, while the Menomonee and Kinnickinnic
River basins would, under a strictly physical defi-
nition, be a part of the Milwaukee River basin,
these two basins do not rationally form integral
parts of the latter basin for planning purposes.
The planning area of the Milwaukee River basin
chosen for study by the Commission, therefore,
excludes the basins of the Menomonee and Kinnic~
kinnic Rivers. The excluded area totals about
19 percent of the approximately 856 square
mile combined drainage area of the Milwaukee,
Menomonee, and Kinnickinnic Rivers. The area
chosen is a rational and viable planning unit for
the following reasons:

1. The watershed planning area adopted for
land use and flood control planning com-
prises all of the watershed, including the
headwater areas lying outside the Region,
thus assuring that water resource-related
problems which emanate from the upper
watershed reaches, but are capable of
being transmitted downstream, can be
effectively resolved within the framework
of the watershed study.

2. The watershed planning area adopted for
water quality control planning comprises
all of the watershed above the North Ave-
nue Dam., The Dam provides a sharp
break in the hydraulic grade line of the
Milwaukee River and thereby clearly and
sharply defines the upper limits of the
estuary portion of the Milwaukee River.
The water quality conditions of this estu-
ary are determined by flow and water
quality conditions in the Menomonee and
Kinnickinnic Rivers, as well as by level and
water quality conditions in Lake Michigan.

3. The watershed planning area adopted for
water quality control planning comprises
all of the watershed wherein water pollu-
tion sources are located exclusively within
the watershed. Due to the configuration of
existing sewerage systems, as well as to
the natural stream and lake network con-
figuration, that portion of the watershed
below the North Avenue Dam is subject to

pollution from sources outside the Mil-
waukee River watershed, and, therefore,
cannot be effectively studied within the
framework of the watershed study.

The Milwaukee River watershed study was initi-
ated upon the specific request of local units of
government within the watershed as a result of a
growing concern on the part of local public offi-
cials and citizen leaders over increasinhg prob-
lems of flood damage, water pollution, soil
erosion, deteriorating fish and wildlife habitat,
and the complex effects of changing land use.
Concern over what seemed at first to be local
problems was followed by a growing awareness
among public officials that the causes and effects
of these problems transcend local municipal
boundaries and are related to the entire stream
network and tributary drainage areas. Recog-
nizing the Commission as the logical and best
equipped agency to find practical and permanent
solutions to these problems, the Common Council
of the City of Milwaukee on December 15, 1964,
formally requested the Commission to undertake a
comprehensive planning study of the Milwaukee
River, looking to the ultimate resolution of the
serious and costly flooding and water pollution
problems within that watershed, which affect the
property and general welfare of its citizens and
which can only be properly resolved within the
context of a long-range comprehensive watershed
planning effort. On February 2, 1965, the Board
of Supervisors of Milwaukee County formally
adopted a similar request.

The Commission accordingly on September 14,
1965, formed the Milwaukee River Watershed
Committee, comprised of state and local public
officials and citizen leaders from throughout the
watershed. This Committee was created to assist
the Commission in its study of the problems of
the Milwaukee River watershed, and the Com-
mittee began at once to prepare a Prospectus for
the necessary comprehensive watershed plan-
ning program.

It was evident from the beginning that the entire
watershed should be included in any comprehen-
sive planning program. This meant the inclusion
in the study of the considerable portions of the
watershed lying in Fond du Lac and Sheboygan
Counties, as well as the very small area of the
watershed lying in Dodge County. All of these
counties lie outside the Southeastern Wisconsin
Planning Region. Fond du Lac and Sheboygan



Counties were requested to join in the work of the
Watershed Committee; and on May 12, 1966, the
Sheboygan County Board formally acted to appoint
representatives to the Watershed Committee, fol-
lowed on June 14, 1966, by similar action of the
Fond du Lac County Board.

The expanded Committee identified and described,
in a watershed planning program Prospectus,
seven basic problems within the watershed that
required careful areawide study for sound resolu-
tion. These problems relate to water pollution,
inadequate soil and water conservation and man-
agement practices, deteriorating fish and wildlife
habitat, ground water supply, flood damage, open-
space and recreation needs, and changing land
use. All of these problems are inextricably inter-
related, and this fact precludes their study and
resolution on an individual basis.

The Prospectus prepared by this Committee was
endorsed by the Commission on September 15,
1966; published; and in accordance with the advis-
ory role of the Commission, transmitted to the
governmental agencies concerned for their con-
sideration and action. All five county boards
concerned—Fond du Lac, Milwaukee, Ozaukee,
Sheboygan, and Washington—as well as the Wis-
consin Department of Natural Resources, formally
endorsed the Prospectus and agreed to provide the
state and local funds necessary for execution
of the indicated planning program. The U. S.
Department of Housing and Urban Development
and the U. S. Department of the Interior, Federal
Water Pollution Control Administration, also
endorsed the Prospectus and agreed to provide
the federal funds necessary for execution of
the program.

In order to accomplish the financing of the study,
as outlined in the Prospectus, it was necessary
for the Commission to effect separate contractual
agreements with the U. S. Department of Housing
and Urban Development; the U. S. Department of
the Interior, Federal Water Pollution Control Ad-
ministration; the Wisconsin Department of Natural
Resources; and the five counties containing major
portions of the watershed. Under the contracts
between the federal and state agencies and the
Commission, the latter agreed to complete the
necessary planning work in accordance with the
Prospectus, while the former agreed to provide,
respectively, Section 701 planning grant funds,
Public Law 84-660 comprehensive water pollution
control planning funds, and state water pollution

abatement planning funds in partial support of the
study. Under the contracts between the five coun-
ties concerned and the Commission, the latter
agreed to complete the necessary planning work;
and the former agreed to provide the local funds
necessary to support the work. Pursuant to the
state regional planning enabling act, the local
study costs, amounting to 14.69 percent of the
total study costs, were allocated to the respective
counties, including Fond du Lac and Sheboygan
Counties, on the basis of each county's propor-
tionate share of the 1965 state equalized assessed
valuation of the watershed. The percentage share
of the total study costs agreed upon in the con-
tracts were: U. S. Department of Housing and
Urban Development, 29.40 percent; U. S. Depart-
ment of the Interior, Federal Water Pollution
Control Administration, 22.79 percent; State
Department of Resource Development (now the
Wisconsin Department of Natural Resources),
33.12 percent; Fond du Lac County, 0.54 percent;
Milwaukee County, 10.63 percent; Ozaukee County,
1. 38 percent; Sheboygan County, 0. 93 percent; and
Washington County, 1.21 percent.

The Prospectus, as prepared by the Watershed
Committee and published by the Commission, was
not a finished study design. It was a preliminary
design prepared to obtain support and financing
for the necessary study, an objective which was
fully achieved. Major work elements, a staff
organization, a time schedule, and cost estimates
were set forth in the Prospectus. Work on the
study, as outlined in the Prospectus, began in
October 1967.

Study Objectives

The primary objective of the Milwaukee River
watershed planning program, as set forth in
the Prospectus, is to assist in abating the seri-
ous resource-related problems of the Milwaukee
River basin by developing a workable plan to guide
the staged development of multi-purpose water
resource-related facilities and related resource
conservation and management programs for the
watershed. This plan, to be effective, must be
amenable to cooperative adoption and joint imple-
mentation by all levels and agencies of govern-
ment concerned. It must be capable of functioning
as a practical guide for the making of development
decisions concerning both land use and water
control facility development within the water-
shed so that, through such implementation, the
major water resource-related problems within the
watershed may be abated and the full development
potential of the watershed realized.




More specifically, the objectives of the planning
program are to:

1. Prepare a plan for improved drainage and
effective flood damage abatement in and
along the major waterways and adjacent
floodlands of the Milwaukee River basin.

Prepare a plan for water quality manage-
ment and pollution abatement for the Mil-
waukee River, for its major tributaries,
and for the major lakes of the watershed.

Prepare a plan for the protection and con-
servation of the quality and quantity of the
basin ground water supplies.

Prepare a plan for the preservation and
enhancement of fish and wildlife habitat.

Prepare a plan for public open-space res-
ervation and for recreational development.

Refine and adjust the regional land use
plans to reflect the conveyance, storage,
and waste assimilation capabilities of the
perennial waterways and floodplains of the
watershed; to include feasible water con-
trol facilities; and generally to promote
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The basic organizational structure for the study is
outlined in Figure 3 and consists of the cooper-
ating state and federal agencies, consultants, and
Commission staff reporting to the Chief Natural
Resources Planner as the inter-staff project
coordinator, who reports to the Executive Direc-
tor, who, as a professional engineer, serves as
the project sponsor. The Executive Director,
in turn, reports to the Southeastern Wisconsin
Regional Planning Commission. The responsibili-
ties of the cooperating federal and state agencies,
consultants, and Commission staff for the conduct
of major elements of the planning study are also
indicated in Figure 3.

A comprehensive watershed planning program
necessarily covers a broad spectrum of related
governmental and private development programs;
and no agency, whatever its function or authority,
can "go it alone'" in the conduct of such a study.
The basic Commission organization provides for
the attainment of the necessary interagency coor-
dination through the establishment of advisory
committees, as well as through interagency staff
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assignment; and two types of such committees are
provided as integral parts of the organization for
the watershed planning work.

The first type of advisory committee, which func-
tions as a part of the organization created by the
Commission for watershed planning, is the Tech-
nical Advisory Committee on Natural Resources
and Environmental Design. This Committee was
established in January 1962 and includes repre-
sentatives from governmental agencies with active
resource planning, development, research, or
management programs in southeastern Wisconsin,
The full Committee membership is listed in
Appendix A. The basic purpose of this Com-
mittee is to place the experience, knowledge, and
resources of the represented federal, state, and
local agencies at the disposal of the study and to
ensure that the planning objectives and design cri-
teria of these agencies are recognized and incor-
porated to the fullest extent possible into the
watershed planning work.

The second type of advisory committee, which
functions as a part of the organization created by
the Commission for watershed planning, is the
Milwaukee River Watershed Committee. This
important Committee was established in Septem-
ber 1965, and the full membership is listed in
Appendix B. The basic purpose of this Committee
is to actively involve the various governmental
bodies, technical agencies, and private interest
groups within the watershed in the planning study.
The Committee assists the Commission in deter-
mining and coordinating basic policies involved
in the conduct of the study and in the resultant
plans and plan implementation programs. Active
involvement of local public officials in the water-
shed planning program through this Committee is
particularly important to any ultimate implemen-
tation of the watershed plans in light of the advis-
ory role of the Commission in shaping regional
and subregional development. The Watershed
Committee performs an important function in
familiarizing local leadership within the water-
shed with the study and its findings and in
generating an understanding of basic watershed
development objectives and implementation pro-
cedures. The Watershed Committee has proven
to be a very valuable advisory body to the Com-
mission and its staff throughout the conduct of the
Milwaukee River watershed planning program.

The watershed planning work program has been
conducted by the small resident SEWRPC staff
heavily supplemented by contractual services
provided by two federal agencies, one state
agency, and two consulting engineering firms.
The SEWRPC staff assumed direct responsibility
for all those work elements of a general regional
planning nature. These elements included the land
use inventory; population, economic, and public
financial resource studies; flood damage inven-
tory; public utilities inventory; inventory of local
plans and land use regulations; and the formulation
of plan implementation recommendations.

Services of specialists in the disciplines of
soil science, ground water and surface water
hydrology, hydraulics, recreation, resource con-
servation, sanitary engineering, surveying, and
photogrammetry were necessary to the successful
completion of the complex, interdisciplinary plan-
ning program. Contractual agreements were,
therefore, executed with the U. S. Soil Conserva-
tion Service; the U. S. Geological Survey; the
Wisconsin Department of Natural Resources; the
Harza Engineering Company of Chicago, Illinois;
and Alster & Associates, Inc., of Madison, Wis-
consin. Each of these organizations was selected
by the Commission for participation in the study
by virtue of their exceptional skills and exper-
ience in specialized phases of watershed planning.

Under the study the U. 8. Soil Conservation Ser-
vice was responsible for those elements of the
study which were related to delineation of types
and identification of the properties and capa-
bilities of soils located in that portion of the
watershed lying outside the Region. The U. 8.
Geological Survey was responsible for those ele-
ments of the study which related to ground water
resources, ground water-surface water relation-
ships, and water supply. The Wisconsin Depart-
ment of Natural Resources was responsible for
those elements of the study which were related
to recreation and resource conservation-reélated
problems and their solution. The Harza Engi-
neering Company was responsible for those ele-
ments of the study which were related to the
surface water hydrology and hydraulics of the
watershed, hydrologic and water quality simula-
tion, and surface water-related problems and
the formulation of alternative recommendations
for their solution, including: economic analyses
related to flood damage abatement, recreational
development, water utilization, pollution abate-
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ment, and land use. Alster & Associates, Inc.,
was responsible for the horizontal and vertical
control surveys and monumentation within the
watershed, the hydraulic capacity inventory, and
the preparation of large-scale topographic maps
to be used for flood hazard mapping purposes.

As the planning effort and this report are both the
result of the joint efforts of the Commission, the
U. S. Geological Survey, the Wisconsin Depart-
ment of Natural Resources, and Harza Engineer-
ing Company, it is difficult to ascribe a precise
delineation of responsibilities for several work
elements. These work elements included the
detailed study design; formulation of watershed
development objectives, principles, and standards;
analysis of resource problems and capabilities;
determination of resource requirements;plan syn-
thesis, test, and evaluation; and report writing.

Scheme of Presentation

The major findings and recommendations of the
Milwaukee River watershed planning program are
documented and presented in this report, which
consists of two volumes. The first volume of the
report sets forth the basic concepts underlying the
study and the factual findings of the extensive
inventories conducted under the study. It identi-
fies and, to the extent possible, quantifies the
developmentaliand environmental problems of the
watershed and sets forth forecasts of future eco-
nomic activity, population growth, and concomitant
land use and natural resource demands. The
second volume explores alternative plan elements
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relating to land use, flood control, pollution abate-
ment, and water supply and sets forth a recom-
mended plan for the development of the watershed
based upon regional and watershed development
objectives adopted by the Watershed Committee
and the Commission. In addition, it contains a
financial analysis and specific recommendations
for implementation. This report is intended to
allow careful, critical review of the alternative
plan elements by public officials, agency staff
personnel, and citizen leaders within the water-
shed and to provide the basis for plan adoption and
implementation by the federal, state, and local
agencies of government concerned.

This report can only summarize in brief fashion
the large volume of information assembled in the
extensive data collection, analysis, and fore-
casting phases of the Milwaukee River watershed
study. Although the reproduction of all of this
information in report form is impractical, due to
the sheer magnitude, as well as complexity, of
the data collected and analyzed, all of the basic
data are on file in the Commission Offices and
available to member units and agencies of govern-
ment and to the public in general upon specific
request. This report, therefore, serves the addi-
tional purpose of indicating the types of data which
are available from the Commission and which may
be of value in assisting federal, state, and local
units of government and private investors in
making better decisions about community develop-
ment within the Region.



Chapter I

BASIC PRINCIPLES AND CONCEPTS

Watershed planning is not new. Plans have been
developed in the past for many river basin water-
sheds, both large and small, throughout the United
States. Most of these plans, however, have been
developed either to meet the needs of one or more
specific revenue-producing functions, such as
irrigation, power, or municipal water supply, or
to fulfill a single-purpose requirement for which
specific benefits are assignable to existing prop-
erties, such as flood control or soil and water
conservation.

The application of comprehensive planning prin-
ciples and practices to watersheds, as defined
herein, however, is a relatively new concept.
Consequently, at the time that the Commission
undertook its first comprehensive watershed plan-
ning program, that for the Root River watershed,
little practical experience had been accumulated
in such comprehensive watershed planning; and
widely accepted principles governing such plan-
ning had not been established. Moreover, the
need to carry out comprehensive watershed plan-
ning as an integral part of a broader regional
planning effort required the adaptation and modi-
fication of even the very limited body of compre-
hensive watershed planning experience to the
specific needs of the Root River watershed plan-
ning program.

These factors occasioned, as a part of the
Root River watershed study, the development of
a unique approach to watershed planning, an
approach which proved to be sound and was,
therefore, adopted for use in subsequent studies
for the Fox and Milwaukee River watersheds.
This approach can only be explained in terms
of the conceptual relationships existing between
watershed planning and regional planning and
of the basic principles applicable to watershed
planning set within the framework of regional
planning. Only after this foundation of conceptual
relationships and applicable principles has been
established can the specific problems of the Mil-
waukee River watershed and the recommended

solutions to these problems, as presented herein,
be properly understood.

THE WATERSHED AS A PLANNING UNIT

Resources planning could conceivably be carried
out on the basis of various geographic units,
including areas defined by governmental jurisdic-
tions, economic linkages, or watershed bound-
aries. None of these are perfeect as a resources
planning unit. There are many advantages to
selection of the watershed as a resources planning
unit, however, since many resource problems and
solutions are water-oriented.

Storm water drainage and flood control facilities
should form a single integrated system over an
entire watershed. This system must be capable
of carrying both present and future runoff loads
generated by changing land use and water control
facility patterns within the watershed. Therefore,
storm water drainage and flood control problems
and facilities can best be considered on a water-
shed basis. Drainage and flood control problems,
however, are closely related to other land and
water use problems. Consequently, floodplain
protection, park and related open-space reser-
vation, and recreational facilities that are related
to surface water resources also can best be
studied on a watershed basis.

Water supply and sewerage frequently involve
problems that cross watershed boundaries, but
strong watershed implications are involved if the
source of water supply comes from the surface
water resources of the watershed or if the sewer-
age systems discharge pollutants into the surface
water system., Changes in land use and transpor-
tation requirements are ordinarily not controlled
primarily by watershed factors but can have a
great effect on watershed problems. The land use
and transportation pattern affects the amount and
spatial distribution of the hydraulic and pollution
loadings to be accommodated by water cojtrol
facilities. In turn, the water control facilities and
their effect upon the historic floodways and flood-
plains determine to a considerable extent the use
to which such land areas may be put. Finally, the
related physical problems of a watershed tend to
create a strong community of interest among the
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residents of the watershed; and citizen action
groups can readily be formed to assist in solving
water-related problems.

It may be concluded, therefore, that the watershed
is a logical areal unit to be selected for resources
planning purposes, provided that the relationships
existing between the watershed and the sur-
rounding region are recognized. Accordingly, the
SEWRPC regional planning program embodies a
recognition of the need to consider watersheds
within the Region as rational planning units in
rapidly urbanizing areas if workable solutions are
to be found to intensifying interrelated land and
water use problems.

The foregoing discussion implies that the term
watershed may have two meanings. Defined in a
strictly physical sense, a watershed is simply a
geographic area of overland drainage contributing
surface runoff to the flow of a particular stream
or watercourse at a given point. Under this defi-
nition the terms watershed and drainage basin are
synonymous. The meaning of the term watershed
may be expanded, however, to include planning
concepts by adding to the above definition the
phrase: whose natural and man-made features are
so interrelated and mutually interdependent as to
create a significant community of interest among
its residents. This expanded definition of the term
watershed contains within it the characteristics
which a drainage basin, such as that of the Mil-
waukee River, must exhibit if it is to form a
rational unit for comprehensive water resources
planning. This expanded definition, moreover,
had a particularly important impact upon the geo-
graphic area to be encompassed in a study of the
Milwaukee River watershed by the Regional Plan-
ning Commission, for careful consideration of the
communities of interest involved led the Commis-
sion to exclude from its delineation of the Mil-
waukee River watershed the drainage areas of the
Menomonee and Kinnickinnic Rivers.

Thus, it is recognized that a watershed is far
more than a system of interconnected waterways
and floodplains, which, in fact, comprise only a
small proportion of the total watershed area.
Land treatment measures, soil and water manage-
ment practices, and land use over the entire
watershed, as well as all related water resource
problems, are of major importance in the proper
development of watershed resources.
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RELATIONSHIP OF WATERSHED TO REGION

Although recognizing the importance of the water-
shed as a rational planning unit within the Region,
the SEWRPC planning program also recognizes
the necessity to conduct individual watershed
planning programs within the broader framework
of areawide, comprehensive regional planmning.
This is essential for two reasons. First, area-
wide urbanization indiscriminately crosses water-
shed boundaries and exerts an overwhelming
external influence on the physical development of
the affected watershed. Second, the meandering
pattern of natural watershed boundaries rarely,
if ‘ever, coincides with the artificial, generally
rectangular boundaries of minor civil divisions
and special-purpose districts.

Important elements of the necessary areawide
planning program have been provided by the
regional land use-transportation study completed
earlier and by other ongoing areawide planning
programs of the Commission. Conversely, within
the context of the regional planning program, the
comprehensive watershed planning programs pro-
vide, 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 facilities. While the
proposed watershed plans may be centered on
water quality and flood control facilities, it must
be recognized that these facility plans must be
prepared in consideration of the related problems
of land and water use and park and public open-
space reservation. Recognition of the need to
relate these facility plans to areawide regional
development plans is the primary factor which
determines the unique nature of the SEWRPC
watershed planning efforts. Ultimate completion
of planning studies covering all of the watersheds
within the Region will provide the Commission
with a framework of community facility plans
encompassing drainage, flood control, and pollu-
tion control and abatement facilities properly
related to areawide development plans and will
make significant contributions to the preparation
of a framework of regional community facility
plans for parks and related open spaces and for
water supply and sewerage facilities.

THE WATERSHED PLANNING PROBLEM

Although the water-related resource planning
efforts of the Commission are focused on the



watershed as a rational planning unit, the water-
shed planning problem is closely linked to the
broader problem of resource conservation. Soci-
ety has always had need to be concerned with
resource conservation; but the need for such con-
cern is greater today than ever before and grows,
as does the need for regional planning, out of the
unprecedented population growth and urbanization
of the nation, the state, and the Region. Increasing
urbanization has, moreover, changed the nature
of the resource conservation problem,

In the past conservation was largely concerned
with the protection of wilderness areas and possi-
ble future shortages of some resources through
chronic mismanagement. The new problem which
conservation now faces has to do mainly with the
kind of environment being created by the ever
increasing areawide diffusion of urban develop-
ment over large regions and the relentless pursuit
of an ever higher material standard of living.
Regional settlement patterns so far have not been
determined by design but by economic expedience
and have failed to recognize the existence of a
limited resource base to which urban development
must be carefully adjusted if severe environmen-
tal problems are to be avoided. If increasing
areawide urbanization is to work for the benefit of
man and not to his detriment, adjustment of such
urban development to the ability of the resource
base to sustain and support it, thereby maintaining
the quality of the environment, must become a
major physical development objective for urban-
izing regions.

Enlightened public officials and citizen leaders
are becoming increasingly aware of this new and
pressing need for conservation. This growing
awareness is often accelerated as the result of a
major disaster or of the imminent threat of such
a major disaster. Even in such cases, however,
the magnitude and degree of the interrelationship
of resource problems may not always be fully
realized. In many cases, such as in the Milwaukee
River watershed, the initial concern with the
growing resource problems is centered in such
highly visible problems as flooding and water
pollution.

Growing urbanization is causing increasing con-
cern on the partof public officials, citizen leaders,
and technicians with these and other water-related
problems; and the manner in which these prob-
lems are ultimately resolved will involve many
important public policy determinations., These

determinations must be made in view of an urban-
izing Region which is constantly changing and,
therefore, should be based upon a comprehensive
planning process able to objectively scale the
changing resource demands against the ability of
the limited natural resource base to meet these
demands. Only within such a planning process
can the effect of different land and water use and
water control facility construction proposals be
evaluated, the best course of action intelligently
selected, and the available funds most effectively
invested.

The ultimate purposes of such a planning process
are twofold: 1) to permit public evaluation and
choice of alternative resource conservation and
development policies and plans; and 2) to provide—
through the medium of a long-range plan for
water-related community facilities—for the full
coordination of local, state, and federal resource
development programs within the Region and
within the various watersheds of the Region.
Important among goals to be achieved by this
process are the protection of floodways and flood-
plains; the protection of water quality and supply;
the preservation of land for park and open space;
and, in general, promotion of the wise and judi-
cious use of the limited land and water resources
of the Region and its watersheds.

BASIC PRINCIPLES

Based upon the foregoing considerations, eight
basic principles were developed under the Root
River watershed study, which together form the
basis for the specific watershed planning process
applied by the Commission in that study. These
same principles provide the basis for the planning
process applied in the Milwaukee River watershed
study:

1. Watersheds must be considered as rational
planning units if workable solutions are
to be found to water-related resource
problems,

2. A comprehensive, multi-purpose approach
to water resource development and to the
control and abatement of the water-related
problems is preferable to a single-purpose
approach.

3. Watershed planning must be conducted

within the framework of a broader area-
wide regional planning effort; and water-
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shed development objectives must be com-
patible with, and dependent upon, regional
development plans and objectives.

4. Water control facility planning must be
conducted concurrently with, and cannot be
separated from, land use planning.

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

6. The capacity of each water control facility
in the integrated watershed system must
be carefully fitted to the present and
probable future hydraulic loads, and the
hydraulic performance and hydrologic fea-
sibility of the proposed facilities must be
determined and evaluated.

7. Primary emphasis should be placed on
in-watershed solutions to water resource
problems, and the export of water resource
problems to downstream areas is unwise
on a long-range and regional basis.

8. Plans for the solution of watershed prob-
lems and development of resources should
offer as flexible an approach as possible in
order to avoid "dead-end" solutions and
provide latitude for continued adaptation to
changing conditions.

THE WATERSHED PLANNING PROCESS

Based upon the foregoing principles, the Commis-
sion has developed a seven-step planning process
by which the principal functional relationships
existing within a watershed can be accurately des-
cribed, both graphically and numerically; the
hydrologic and hydraulic characteristics of the
basin simulated; and the effect of different
courses of action with respect to land use and
water control facility development evaluated. The
seven steps involved in this planning process are:
1) study design, 2) formulation of objectives and
standards, 3) inventory, 4) analysis and forecast,
5) plan design, 6) plan test and evaluation, and
7) plan selection and adoption. Plan implementa-
tion, although necessarily beyond the foregoing
planning process, must be considered throughout
the process if the plans are to be realized.
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The principal end results of the above process are
land use and water control facility plans scaled to
future land use and resource demands and consis-
tent with regional development objectives. In
addition, the process represents the beginning of
a continuing planning effort that permits modifica-
tion and adaptation of the plans and the means of
implementation to changing conditions. Each step
in this planning process includes many individual
operations which must be carefully designed,
scheduled, and controlled to fit into the overall
process; and an understanding of this planning
process is essential to an appreciation and under-
standing of the results. Each step in the process,
together with its major component operations, is
diagrammed in Figure 4 and described briefly
below.

Study Design

Every planning program must embrace a formal
structure or study design so that the program can
be carried out in a logical and consistent manner.
This study design must: specify the content of the
fact-gathering operations, define the geographic
area for which data will be gathered and plans
prepared, outline the manner in which the data
collected are to be processed and analyzed, spec-
ify requirements for forecast and for forecast
accuracy, and define the nature of the plans to be
prepared and the criteria to be used in their eval-
uation and adoption.

In the Milwaukee River watershed program, the
study design was prepared jointly by the staffs
of the Southeastern Wisconsin Regional Planning
Commission, U. S. Soil Conservation Service,
U. S. Geological Survey, Wisconsin Department
of Natural Resources, and Harza Engineering
Company and presented to the Milwaukee River
Watershed Committee for review and approval.

Formulation of Objectives and Standards

In its most basic sense, planning is a rational
process for establishing and meeting objectives.
The formulation of objectives is, therefore, an
essential task to be undertaken before plans can
be prepared. In order to be useful in the regional
and watershed planning process, the objectives to
be defined must not only be stated clearly and be
sound logically but must also be related in a
demonstrable way to alternative physical develop-
ment proposals. This is necessary because it is
the duty and function of the Commission to pre-
pare a comprehensive plan for the physical devel-
opment of the Region and its component parts and,




Figure 4
GENERAL STEPS IN A COMPREHENSIVE WATERSHED PLANNING STUDY
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more particularly, because it is the objective of
the Milwaukee River watershed planning study to
prepare one of the key elements of such a phys-
ical development plan—a long-range plan for
water-related community facilities. Only if the
objectives are clearly relatable to physical devel-
opment and subject to objective test can a choice
be made from among alternative plans in order to
select that plan which best meets the needs of
agreed-upon objectives., Finally, logically con-
ceived and well-expressed objectives must be
translated into detailed design standards to pro-
vide the basis for plan preparation, test, and
evaluation. Because the formulation of objectives
and standards involves many nontechnical, as well
as technical, policy determinations, all objec-
tives and standards were carefully reviewed and
adopted by the Milwaukee River Watershed Com-
mittee and the Commission. The objectives and
standards ranged from general development goals
for the watershed as a whole to detailed planning
and engineering criteria covering rainfall inten-
sity—duration—frequency relationships, rainfall-
runoff relationships, channel capacity formulae,
backwater computations, water quality parame-
ters, recreational facilities, and economies.

Inventory

Reliable basic planning and engineering data col-
lected on a uniform, areawide basis are absolutely
essential to the formulation of workable develop-
ment plans. Consequently, inventory becomes the
first operational step in any planning process,
growing out of the study design. The crucial
nature of factual information in the planning proc-
ess should be evident since no intelligent fore-
casts can be made or alternative courses of action
selected without knowledge of the current state of
the system being planned.

The sound formulation of comprehensive water-
shed development plans requires that factual data
must be developed on the quantity of surface and
ground water, precipitation, hydraulic character-
istics of the stream channels, historic flooding,
flood damages, water quality, water use, soil
capabilities, land use, economic activity, popula-
tion, recreation facilities, fish and wildlife, public
utilities, and water law.

In the Milwaukee River study, the most expedient
methods of obtaining adequate information of the
necessary quality were followed; and the means of
data collection included review of prior publica-
tions, perusal of agency files, personal interviews
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with private citizens and public officials, commit-
tee meetings of staff and technical advisors, and
postal questionnaire surveys, as well as original
field investigations.

Analysis and Forecast

Inventories provide factual information about his-
toric and present situations; but analyses and
forecasts are necessary to provide estimates of
future needs for land, water, and water control
facilities. These future needs must be determined
from a sequence of interlocking forecasts. Eco-
nomic activity and population forecasts enable
determination of future growth within the water-
shed, which, in turn, can be translated into future
demands for land use, resources, and water con-
trol facilities. These future demands can then be
scaled against the existing supply and plans for-
mulated to meet deficiencies.

To illustrate the complexity of this task in com-
prehensive watershed planning, consider that to
prepare a forecast of future drainage and flood
control needs it was necessary to analyze and to
interrelate the following factors: precipitation
characteristics, relationship between precipitation
and runoff, relationship between basin morphology
and runoff, effect of urbanization and soils on
runoff, effect of the hydraulic characteristics of
the stream network on streamflow, relationship of
peak volumes of streamflow to stage heights and
frequency of occurrence, relationship of differ-
ences between winter and summer runoff and
streamflow characteristics, extent and depth of
inundation on floodplains, and the horizontal and
vertical location of possible future development
in floodplains.

Two important considerations involved in the
preparation of the necessary forecasts are the
forecast target date and the forecast accuracy
requirements. Both the land use pattern and the
water control facilities must be planned for antic-
ipated demand at some future point in time. In the
planning of water control facilities, this '"design
year" is usually established by the expected life of
the first facilities to be constructed in implemen-
tation of the plan. Although it may be argued that
the design year for land use development should
be extended further into the future than that for
facilities because of the basic irreversibility of
many land development decisions, practical con-
siderations dictate that the land use planning
design year be scaled to the facility design year
requirement. In the Milwaukee River watershed



study, the necessary forecast period was set as
20 years, both as a very conservative approxima-
tion of facility life and as a means for locking the
watershed forecast periods into the previously
determined regional land use and transportation
study forecast periods.

Forecast accuracy requirements depend on the
use to be made of the forecasts; and as applied to
land use and water control facility planning, the
critical question relates to the effect of any fore-
cast inaccuracies on the basic structure of the
plans to be produced. It is important to keep the
forecast tolerances within that range wherein only
the timing and not the basic structure of the plans
will be affected.

Plan Design

Plan synthesis or design forms the heart of the
planning process. The most well-conceived objec~
tive; the most sophisticated data collection, proc-
essing, and analysis operations; and the most
accurate forecasts are of little value if they do not
ultimately result in sound plans. The outputs of
each of the three previously described planning
operations—formulation of objectives and stan-
dards, inventory, and forecast—become inputs to
the design problems of plan synthesis.

The land use plan design problem consists essen-
tially of determining the allocation of a scarce
resource—land—between competing and often con-
flicting demands. This allocation must be accom-
plished so as to satisfy the aggregate needs for
each land use and comply with all of the design
standards derived from the plan objectives, all at
a feasible cost. The water control facility plan
design problem requires a similar reconciliation
between hydrologic and hydraulic loading derived
from the land use plan, adopted facility design
standards, existing facilities, and new facility
costs.

Plan Test and Evaluation

If the plans developed in the design stage of the
planning process are to be realized in terms of
actual land use and water control facility develop-
ment, some measures must be applied to quanti-
tatively test alternative plans in advance of their
adoption and implementation. The alternative
plans must be subjected vigorously to all the nec-
essary levels of review and inspection, including:

1) engineering performance, 2) technical feasi-
bility, 3) economic feasibility, 4) legality, and
5) political reaction. Devices used to test and
evaluate the plans range from the assignment of
hydraulic loadings to the existing and proposed
system of water control facilities through inter-
agency meetings and public hearings. Plan test
and evaluation should demonstrate clearly which
alternative plan or portions of plans are techni-
cally sound, financially feasible, legally possible,
and politically realistic.

Plan Selection and Adoption

It is proposed in the Milwaukee River watershed
study to develop two alternative land use plans,
one representing a refinement of the adopted
regional land use plan and the other representing
a forecast of continued unplanned and uncontrolled
existing trend development within the watershed.
Each of these two alternative land use plans will
be supported by various combinations of water
control facility system plans for both flood control
and pollution abatement, thus providing a number
of alternative watershed development plans. The
general approach contemplated for the selection
of one plan from among these alternatives is
to proceed through the use of the Milwaukee
River Watershed Committee structure, inter-
agency meetings, and hearings to a final decision
and plan adoption by the Commission in accor-
dance with the provisions of the state enabling
legislation. The role of the Commission is to
recommend to federal, state, and local units of
government and private investors the final plan
for their consideration and action. The final
decisive step to be taken in the process is the
acceptance or rejection of the plan by the local
governmental units concerned and subsequent plan
implementation by public and private action.
Therefore, plan selection and adoption must be
founded in the active involvement of the various
governmental bodies, technical agencies, and pri-
vate interest groups concerned with development
in the watershed. The use of advisory committees
and both formal and informal hearings appears to
be the most practical and effective procedure for
achieving such involvement in the planning proc-
ess and of openly arriving at agreement among the
affected governmental bodies and agencies on
objectives and on a final watershed plan which can
be cooperatively adopted and jointly implemented.
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Chapter III

DESCRIPTION OF THE WATERSHED—MAN-MADE FEATURES

INTRODUCTION

A watershed is a complex of natural and man-
made features which interact to comprise a
changing environment for human life. The man-
made features of a watershed, which are important
to any consideration of its future development,
include its public utility network, its transporta-
tion system, and its land use pattern. Together
with the population residing in, and the economic
activities taking place within, the watershed, these
features may be thought of as the socioeconomic
base of the watershed. A description of this base
is essential to sound watershed planning for,
any attempt to improve the environment must be
founded in an understanding of not only the various
demands for land, public facilities, and resources
generated by the population and economic activi-
ties of an area but also of the ability of the exist-
ing land use pattern and public facility systems to
meet these demands.

In order to facilitate such understanding, a de-
scription of the socioeconomic base of the water-
shed is herein presented in five sections. The
first section places the watershed into proper
perspective as a rational planning unit within
a regional setting by delineating its internal
political and governmental boundaries and relat-
ing these boundaries to the Region as a whole.
The second section describes the demographic
and economic base of the watershed in terms of
population size, distribution, and composition and
in terms of employment levels and distribution.
The third section describes the patterns of land
use in the watershed in terms of historical devel-
opment and existing (1967) conditions, The fourth
and fifth sections describe the public utility and
transportation facility systems within the water-
shed. A final section summarizes the material in
the chapter.

REGIONAL SETTING OF THE WATERSHED

The Milwaukee River watershed, as shown on
Map 2, is a surface water drainage unit, 693.8
square miles in areal extent, discharging to
Lake Michigan within the City of Milwaukee.

Approximately 62 percent of the total watershed
area, or 430, 3 square miles, lie within the seven-
county Southeastern Wisconsin Planning Region.
The remaining 38 percent, consisting of the head-
water portions of the watershed, lies adjacent to
the Region in adjoining Dodge, Fond du Lac, and
Sheboygan Counties. The watershed is the third
largest of the 11 major natural surface water
drainage units within the Region and comprises
approximately 16 percent of the total land and
water area of the Region.

Political Boundaries

Superimposed upon the natural, meandering water-
shed boundary is a rectangular pattern of local
political boundaries, as shown on Map 2. The
watershed occupies portions of three of the seven
counties comprising the Southeastern Wisconsin
Region: Milwaukee, Ozaukee, and Washington;
parts of three counties outside of the Southeastern
Wisconsin Region: Dodge, Fond du Lac, and She-
boygan; and portions or all of five cities, 18 vil-
lages, and 28 towns. The area and proportion of
the watershed lying within the jurisdiction of each
local unit of government as of January 1, 1967,
are set forth in Table 1.

In Wisconsin the boundaries of the Soil and
Water Conservation Districts, which Districts
are special-purpose units of government having
responsibilities for the promotion of good soil and
water conservation practices, are coterminous
with county boundaries. Therefore, six such soil
and water conservation districts have jurisdic-
tion over portions of the watershed. In addition,
another special-purpose unit of government having
important responsibilities for drainage and flood
control, for the provision of sanitary sewerage
service and sewage treatment, and for water pol-
lution control, the Metropolitan Sewerage District
of the County of Milwaukee, exists within the
watershed. This District, while legally empow-
ered to serve all of the Milwaukee River water-
shed, has to date confined its activities within the
Milwaukee River watershed to all of Milwaukee
County and all of the City of Mequon in Ozaukee
County. The service area of the Metropolitan
Sewerage District within the watershed is shown
on Map 44.
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Map 2
THE MILWAUKEE RIVER WATERSHED
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The Milwaukee River watershed is a natural surface water drainage basin about 693 square miles 7 -.h”l wt Hak
in extent, of which about 62 percent, or 430 square miles, are located within the jurisdiction of N 4 b =
the seven-county Southeastern Wisconsin Planning Region. The remaining 38 percent, or about : J;..m‘ $ g
264 square miles, are located in Dodge, Fond du Lac, and Sheboygan Counties. A sound approach z g

to the growing environmental and developmental problems of the watershed requires that the “
entire watershed, including the headwater protions beyond the geographic boundaries of the Region,
be included in the comprehensive planning program.

Source: SEWRPC.
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TABLE 1

AREAL EXTENT OF COUNTIES AND CIVIL DIVISIONS IN

THE MILWAUKEE RIVER WATERSHED- JANUARY 1, 1967
COUNTY AND PERCENT OF
TOTAL CDBUNTY CIVIL DIVISION PERCENT OF WATERSHED
AND CIVIL AREA INCLUDED COUNTY AND CIVIL AREA WITHIN
COUNTY OR DIVISIDN AREA WITHIN WATERSHED DIVISION AREA COUNTY AND
CIvIL OIvISION { SQUARE MILES) {SQUARE MILES) WITHIN WATERSHED | CIVIL DIVISION
DODGE COUNTYeooneoon 909.97 4.66 0.51 0.67
TOWNS
LOMIRAceevanesnan 35.70 4.66 13.05 0.67
FOND DU LAC COUNTY.. 764.94 136.17 17.80 19.63
VILLAGES
CAMPBELLSPORT ... 0.78 0.78 100.00 0.11
EDENcvveccacanne 0.29 0.05 17.24 0.01
TOWNS
ASHFORDavsocanes 36.02 28.96 80,40 “.17
AUBURN. . 36.47 36.47 100.00 5.26
36.55 8.98 24.517 1.30
36.36 29.78 81.90 4.29
FOREST.. 35.94 0.84 2.34 0.12
OSCEQLAcaececans 36.61 30.31 B2.79 4437
MILWAUKEE COUNTY.... 242.19 56.97 23.52 8.21
CITIES
GLENDALE.. oee 5.93 5.85 96.65 0.84
MILWAUKEE«assoso 95.96 37.50 35.08 5.41
VILLAGES
BAYSIDEcearanons 2.31 0.63 27.27 0.09
BRUWN DEER.vesee 4.37 4.37 100.00 0.63
FOX POINT e0enas 2.87 1.21 42.16 0.17
RIVER HILLS+eoen 5.32 4.11 77.26 0.59
SHOREWOOD.ceoeee 1.58 1.45 91.77 G.21
WHITEFISH BAY... 2.12 1.85 87.26 0.27
OZAUKEE COUNTY.ceoes 234.49 150.54 64.20 21.69
CITIES
CEDARBURGeoeessa 2.20 2.20 100.00 0.32
MEQUONesesscoosan 46.88 31.57 67.34 L.54
VILLAGES
FREDONIA.. 1.05 0.93 88457 0.13
GRAFTON. .. 1.70 1.70 100.00 0.25
SAUKVILLE s eeaese 1.29 1.29 106.00 0.19
THIENSVILLE..... 1.03 1.03 100.00 Q.15
TOWNS
CEDARBURGewscoss 27.93 27.93 100.00 4.03
FREDONTIA.. see 35.18 28.18 80.10 4.06
GRAFTONccecanasna 21.98 18.13 82,48 2.61
PORT WASHINGTON. 20.09 2.49 12.39 0.36
SAUKVILLEcaeenss 35.10 35.09 99.97 5.05
SHEBOYGAN COUNTY.... 508.03 122.73 24,16 17.69
VILLAGES
ADELLecessovacen 0.42 0.42 106,00 0.06
CASCADEcesoennas 0.75 0.75 100,00 O.11
RANDOM LAKEsoeee 0.66 C.66 100.00 0.10
TOWNS
GREENBUSHeecoves 35.36 3.54 10.01 0.51
LYNDON.aoo ces 33.67 12.72 37.78 1.83
MITCHELL .. eoe 36.42 33.75 92.67 4.86
SCOTTeeesnoennsns 36.94 36.%4 100.00 5.32
SHERMANscsesease 35.44 33.95 9%.80 4.90
WASHINGTON COUNTY... 435.50 222.76 51.15 32.11
CITIES
WEST BENDeceeeae 4,55 4455 10G.00 8.66
VILLAGES
GERMANTUWN.cooas 34.33 4.49 13.08 0.65
JACKSONssaeovoes 0.51 0.51 100.00 0.07
KEWASKUMaceooooae 1.01 1.01 100.00 0.15
TOWNS
ADDISONceccacocas 36.02 0.12 0.33 0.02
BARTON. . cee 21.32 20.01 93.86 2.88
FARMINGTON««ceu e 36.177 36.77 100.00 5.30
GERMANTOWN..cv.. 1.77 0.97 54.80 0.14
JACKSON. .. “ee 36.07 36.07 100.00 5.20
KEWASKUM. . ces 23.32 23.32 100.00 3.36
POLlKeoooon “es 34.59 24,39 70.51 3.52
RICHFIELD. ane 36.34 4.32 11.89 0.62
TRENTON. s« eee 35,73 35.713 100.00 5.15
WAYNE2oass e 35.77 8.62 24.10 l.24
WEST BENDescwaas 22.93 21.88 95.42 3.15
TOTAL -- 693.83° - 100.00

®THIS FIGURE REPRESENTS THE TOTAL AREA UF THE WATERSHED AS DETERMINED BY MAP DELINEATIOW
AND MEASUREMENT. EXISTING LAND USE DATA AS USED THROUGHOUT THIS REPURT HAVE BEEN DETER-~

MINED THROUGH APPRUXIMATING THtE WATERSHED BOUNDARY BY U. S.
SECTION AND SUMMING THE QUARTER SECTION TOTALS.
693,83 SQUARE MILES,

MILES,

SOURCE~ SEWRPC.

OR 444,051 ACRES.
OR 444,951 ACRES [SEE TABLE 7).

PUBLIC LAND SURVEY QUARTER
THE ACTUAL MEASURED WATERSHED TOTAL IS
THE APPROXIMATED WATERSHED TOTAL IS 695.24 SQUARE




There are also a total of eight legally estab-
lished drainage districts in the Milwaukee River
watershed, special-purpose units of government
having responsibilities for the carrying out of
agricultural and urban drainage improvements.
These districts encompass a total area of about
28.5 square miles and are: Ozaukee County Drain-
age Districts, Numbers 1 (City of Mequon—2.0
square miles), 4 (City of Mequon—3.5 square
miles), 6 (Town of Cedarburg—2.5 square miles),
8 (Town of Port Washington—4.0 square miles),
10 (City of Mequon—1.5 square miles), 11 (Town of
Cedarburg—2.0 square miles), and 12 (City of
Mequon—2. 0 square miles), and the Jackson-Ger-
mantown Drainage District, encompassing about
11.0 square miles, in the Towns of Germantown
and Jackson and the Village of Germantown
in Washington County. The Jackson-Germantown
Drainage District is, however, the only one of the
eight districts in the watershed which is still
active. The location and service areas of these
districts are shown on Map 3.

There are a total of six town sanitary and util-
ity districts in the Milwaukee River watershed,
another type of special-purpose unit of government
created to provide various urban-type services,
such as the provision of sanitary sewerage, water
supply, and solid waste collection and disposal
services, to designated portions of towns. These
districts, encompassing a total area of 4.9 square
miles, are: Big Cedar Lake Sanitary District in
the Towns of Polk and West Bend, Washington
County (2.1 square miles); Little Cedar Lake
Sanitary District in the Towns of Polk and West
Bend, Washington County (0.9 square mile); New-
burg Sanitary District in the Town of Trenton,
Washington County (0.8 square mile); Sanitary
District No. 1 (Lake Ellen area) in the Town of
Lyndon, Sheboygan County (0.4 square mile);
Silver Lake Sanitary District in the Town of West
Bend, Washington County (0.4 square mile); and
Wallace Lake Sanitary District in the Town of
Trenton, Washington County (0.3 square mile).
The location and service areas of these sanitary
districts are shown on Map 4.

Superimposed upon these local and areawide units
and agencies of government are the state and
federal governments, certain agencies of which
also have important responsibilities for resource
conservation and management. These include the
Wisconsin Department of Natural Resources; the
University Extension of the University of Wiscon-
sin; the Soil Conservation Board of Wisconsin; the
U. S. Department of the Interior, Geological Sur-
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vey and Federal Water Pollution Control Adminis-
tration; the U. S. Department of Agriculture, Soil
Conservation Service; and the U. S. Army Corps
of Engineers.

DEMOGRAPHIC AND ECONOMIC BASE

Since the ultimate purpose of the watershed plan-
ning effort is to improve the environment in which
the resident population lives, an understanding
of the size, characteristics, and spatial distri-
bution of this population is basic to any sound
public planning effort. The population must also
be studied because of the direct relationships
existing between population levels and the de-
mand for soil, water, open space, and other ele-
ments 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 eco-
nomic activity must, therefore, be considered
together. It is important to note, however, that,
because the Milwaukee River watershed is an
integral part of a larger urbanizing Region, many
of the economic forces that influence population
growth within the watershed are centered outside
the watershed proper. Thus, any economic analy-
sis for watershed planning purposes must relate
the economic activity within the watershed to the
economy of the larger Region. Similarly, the
size, characteristics, and distribution of the pop-
ulation residing within the watershed must be
viewed in relation to the population size, charac-
teristics, and distribution within the Region as
a whole,

Population

Population Size: The present (1967) population
of the watershed is estimated at 543,790 per-
sons, of which 531,680 persons reside within
the Region and 12,110 persons reside outside
the Region. The portion of the watershed popula-
tion within the Region comprises about 30 percent
of the total regional population. The population
of the watershed has increased steadily since
1850. From 1940 to 1950, the rate of population
increase within the watershed was below that
of the Region as a whole, which, in turn, how-
ever, was higher than the rate of population
increase of both the state and the nation. From
1950 to 1960, the population of the watershed
increased by 32 percent, somewhat more than the
27 percent increase experienced by the Region as
a whole during this same decade., Since 1960,
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Map 3
DRAINAGE DISTRICTS
IN THE MILWAUKEE RIVER WATERSHED
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Drainage districts are special-purpose local units of government that have responsibility for the
carrying out of agricultural and urban drainage improvements. There are eight legally constituted
farm drainage districts in the Milwaukee River watershed, of which seven are inactive, and one -
the Jackson-Germantown Drainage District - is still active. These eight drainage districts en-
compass a total area of 28.5 square miles, or about 4 percent of the total area of the watershed.
In addition to these eight legally constituted drainage districts, there are numerous areas of the
watershed in which agricultural drainage improvements have been made by individuals or groups
of individuals on an informal basis as a private endeavor.

Source: SEWRPC.
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Map 4

SANITARY DISTRICTS
IN THE MILWAUKEE RIVER WATERSHED
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Town sanitary districts are another type of special-purpose local unit of government that can be & T Jel 1R A e

created in unincorporated areas of the watershed to provide various urban-type services, such as
the provision of sanitary sewerage, water supply, and solid waste collection and disposal services.
There are six active sanitary districts currently existing within the Milwaukee River watershed, ‘
encompassing a total area of 4.9 square miles, or less than one percent of the total area of the =
watershed. One of these sanitary districts, the Newburg Sanitary District in the Town of Trenton,

b .z—_‘\

SHOREWOOD

S
Washington County, operates a sewage treatment plant facility. The remaining five districts have ;‘;
been formed around several of the major lakes in the watershed and could provide a means by =
which sanitary sewerage service can be eventually provided to the already developed areas around '?‘E 2
these lakes. 228N

Source: SEWRPC.

26



however, the rate of population increase within
the Region has exceeded the rate of increase
within the watershed. The trend in population
levels within the watershed from 1900 to 1967,
along with regional, state, and national trends, is
set forth in Table 2 and graphically illustrated in
Figure 5., Watershed population growth rates
since 1940 can be attributed primarily to natural
increase, that is, to an excess of births over
deaths, and this indicates that migration from
other parts of the nation, state, and Region has
not been a significant factor in the recent (1940-
1967) population increase of the watershed.

Population Distribution: The Milwaukee River
watershed, in common with much of the Region, is
becoming increasingly urban, particularly in the
middle and lower reaches of the watershed. The
more recently urbanizing areas lie in Ozaukee and
Washington Counties and adjacent to the Cities of
Cedarburg and West Bend and the Village of
Grafton. In 1967 about 94 percent of the residents
of the watershed lived in incorporated cities and
villages, the combined areas of which comprise
about 15 percent of the total area of the water-
shed (see Tables 3 and 4). The headwater reach,
located entirely outside the Region in Dodge,
Fond du Lac, and Sheboygan Counties, contains
approximately two-fifths (38 percent) of the total
watershed area but only 2 percent of the popula-
tion of the watershed. Ninety-eight percent of the
residents of the watershed reside in the remaining
three-fifths (62 percent) of the watershed area,
which includes the lower reaches of the Milwaukee
River in the City of Milwaukee and the most highly
urbanized areas of the watershed. The present
spatial distribution of the population within the

watershed is indicated on Map 5. The very heavy,
although decreasing, concentration of population
in the lower reaches of the watershed, the rapid
transition from rural to urban land use taking
place in the middle reaches of the watershed with
the concomitant increasing concentration of popu-
lation in this portion of the watershed, and the
increase in recreational demand being exerted in

Figure 5
POPULATION TRENDS FOR THE MILWAUKEE RIVER
WATERSHED, THE REGION, WISCONSIN, AND THE
UNITED STATES I1900-1967
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Source: U.S. Bureau of the Census and SEWRPC.

TABLE 2

PCPULATION SIZE OF THE MILWAUKEE RIVER WATERSHED,

THE REGION,

WISCONSIN, AND THE UNITED STATES- 19C0-1970C
RESIDENT
PERCENT POPULATION PERCENT PERCENT PERCENT PERCENT
RESIDENT INCREASE OF INCREASE INCREASE INCREASE POPULATION | INCREASE WATERSHED POPULATION
POPULAT ION OVER WATER SHED OVER POPULATION OVER POPULATION OVER of OVER WITHIN THE REGION AS
oF PRECEDING WITHIN PRECEDING oF PRECEDING OF PRECEDING UNITED PRECEDING A PERCENT OF THE

YEAR | WATERSHED DECADE REGION DECADE REGION DECADE WISCONSIN DECADE STATES DECADE REGIONAL POPULATION
1900 165,580 - 155,560 - 501,808 -- 2,069,062 - 75,996,575 -- Y
1910 208,280 26 199,030 28 631,161 26 2,333,860 13 91,972,266 21 32
1920 266,090 28 256,160 29 783,681 24 2,632,067 13 105,710,620 15 33
1930 366,040 30 336,560 31 1,006,118 28 2,939,006 12 122,775,046 16 34
1940 362,080 s 352,330 5 1,067,699 6 3,137,587 7 131,669,270 7 33
1950 399,060 10 388,930 10 1,240,618 16 3,434,575 9 151,325,798 15 3
1960 526,823 32 515,906 32 1,573,620 21 3,952,771 15 179,323,175 18 33
1967 543,790 - 531,680° - 1,809,500° - 4,188,000 -- 198,852, 000 - 31
1970 527,652 -t 514,791° --4 15762,883% 11 4,366,766° 10 203,675,000° 14 30

“ESTIMATE BASED ON SYMPTOMATIC INDICATORS OF POPULATION CHANGE BETWEEN 1960 AND 1967.

YBASED UPON PRELIMINARY REPORTS OF 1970 U.S. CENSUS OF POPULATION.
‘LESS THAN ONE PERCENT I[NCREASE.

JLESS THAN ONE PERCENT DECREASE.

“ESTIMATED BY U.S. BUREAU OF THE CENSUS, CURRENT POPULATION REPORTS, SERIES P-25, ND. 445.

SOURCE- U. S. DEPARTMENT OF COMMERCE, BUREAU OF THE CENSUS, AND SEWRPC.
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TABLE 3

ESTIMATED POPULATICON IN THE MILWAUKEE RIVER WATERSHED
BY COUNTY AND CIVIL DIVISION- 1960, 1967, AND 1970

19¢0b 1967¢ 1970¢
POPULATION PERCENT CF PCPULATICN PERCENT CF POPULATION PERCENT OF
WITHIN WATERSHED WITHIN WATERSHED WITHIN WATERSHED
CIVIL CIVISIGN® WATERSHED POPULATICN WATERSHED POPULATICA WATER SHED PGPULATICN
ECCGE COUNTYaoauouanse 16¢C c.03 160 0.03 16¢ 0.03
TCWNS
X3 1.7 VORI 16¢C 6.03 160 0.03 160 0.03
FOND CU LAC COUNTY.... 5,417 1.03 5,970 1.10 6,295 1.19
VILLAGES
CAMPBELLSPORT.. 1,472 0.28 1,590 0.29 1,677 0.32
ECENueaneonas 5¢ 0.01 50 0.01 60 0.01
TCWNS
ASHFORCaessesesnas 1,62¢ 0.19 1,160 0.21 1.21¢ 0.23
. 1,€25 .20 1,170 0.22 1,238 0.23
. 28¢C .05 300 0.06 33¢ 0.06
. 8l1¢ C.15 850 0.16 87¢C C.l6
FCRESToauunns . 2¢ 0.01 20 0.00 2c .01
OSCECLAuannnouenes 740 C.l4 830 0.15 89¢C 0.17
MILWAUKEE COUNTYaeusns 464,307 88.13 464,540 85.43 441,782 83.73
CITIES
GLENDALEa s eusnsoes 9,537 1.81 12,800 2.35 13,415 2.54
MILWAUKEE ceaancaes 404,54C 76.79 400,300 73.62 375,94C 71.25
VILLAGES
BAYSIDE.ueusons 1,53¢C 0.29 2,080 0.38 2,420 0.46
BRCWN DEER... 11,28¢C 2.14 11,600 2.13 12,647 2.40
FOX POINT.... 3,51¢ 0.67 3,800 0.70 3,830 0.73
RIVER HILLS.. 1,C1¢ 0.19 1,300 0.24 1,326 0.25
SHCREWCOD. . s 15,18C 2.88 15,650 2.88 15,48¢C 2.93
WHITEFISH BAY.. 17,72¢ 3.36 17,010 3.13 16,73¢C 3.17
CZAUKEE COUNTY.euansnn 26,036 4.94 34,840 6.40 37,787 7.16
CITIES
CECARBURG s svusan 5,191 6.99 7,000 1.29 7,63¢C 1.45
MEQUONaeeeaeuansas 5,58C 1.16 8,330 1.53 8445C 1.60
VILLAGES
FRECONIAsaouassnns 71¢C 0-13 900 0.16 972 0.18
GRAFTGN.. .. 3,748 0.71 5,100 0.94 5,98C 1.13
SAUKVEILLE. e 1,038 C.20 1,200 0.22 1,350 Q.26
THIENSVILLEcaeasas 2,5C7 C.47 3,000 0.55 3,183 .60
TCWNS
CECARBURGs v ensasse 2,248 0.43 3,300 0.61 3,869 0.73
FREDONIAv.os.. . 1,270 0.24 1,540 0.28 1,570 €.30
GRAFTCNeesavsaoass 1.86C 0.35 2,840 0.52 2,94¢C 0.56
PCRT WASHINGTON... 180 0.03 230 0.04 21¢ C.05
SAUKVILLEsseaasass 1.3C6 6.25 1,400 0.26 1,573 c.30
SHEBOYGAN CCUNTY.uwuse 5,34C 1.02 5,980 1.10 64406 1.21
VILLAGES
ACELLececancaas 398 0.08 380 0.07 38C 0.07
CASCADEsacnes 449 0.09 500 0.09 585 0.11
RANDOM LAKEeecooo. 858 C.l6 950 0.17 1,053 0.20
. . 16¢ 0.02 350 0.06 16¢C 0.07
. - 33¢C C.07 500 0.09 530 Q.10
- . &8ac .13 690 0.13 7cc C.13
- - 1,255 Q.24 1,280 024 1,418 0.27
SHERMAN. s svssusens 1,21¢ 0.23 1,330 0.25 1,380 0.26
WASHINGTCN COUNTY.eeow 25,9561 4.85 32,300 5.94 35,222 6.68
CITIES
WEST BENDasasessss 11,538 2.19 15,100 2.78 16,516 3.13
VILLAGES
GERMANTOWN® v v uns. — -— 160 0.03 17¢ 0.03
JACKSCNuenone - 458 0.09 500 0.09 564 0.11
KEWASKUMa s saunsa 1,512 0.10 1,800 0.33 1,905 0.36
TCWNS
ACDISCNeussvans -— — -— -— - -
BARTONwsaoees 1,170 0.22 1,370 0.25 1,520 0.29
FARMINGTON.oss. 1,433 0.217 1,600 0.29 1,728 0.33
GERMANTOWN® .. 15¢C 0.03 20 C.01 3c C.00
1,57¢ C.30 2,600 0.48 2,835 0.54
891 0.17 1,100 0.20 1¢143 0.22
1,57C .30 2,010 0.37 2,27¢C 0.43
30¢ .06 360 0.07 400 0.08
2,¢57 c.50 3,100 0.57 3,171 C.60
27¢ .05 280 0.05 29¢ 0.05
WEST BEND... 1,97¢C 0.37 2,300 0.42 2,68¢C 0.51
TCTAL 526,827 1€C.00 543,790 100.00 527,652 10C.00

°IT IS IMPGRTANY TG NCTE THAT MINOR CIVIL DIVISICN BOUNDARIES MAY CHANGE OVER TIME AS A RESULT OF ANNEXATIONS, CONSOLIDATIONS, AND INCCRPQR-
ATICNS.

*1960 u. S. CENSUS CF POPULATION

SCURRENT POPULATION ESYIMATES BY CIVIL DIVISICN PREVIOUSLY PREPARED BY THE REGIONAL PLANNING COMMISSION UNDER TS CONTINUING LAND LSE-TRANS-
PCRTATICN PLANNING PROGRAM UTILIZING SYMPOMATIC INDICATORS, SUCH AS BIRTHS, CEATHS, AUTOMOBILE REGISTRATICNS, AND RESIDENFIAL BUILDING AND
CEMCLITION PERMITS, WERE INITIALLY USED IN THE MILWAUKEE RIVER WATERSHED PLANNING PRCGRAM. THESE CURRENT ESTIMATES PLACED THE 1967 PCPULA-
TICN CF THE WATERSHEL AT 570,790 PERSONS ANC WERE PREPARELC PRIOR TO ThE RELEASE CF THE 1970 PRELIMINARY POPULATION CGUNTS TAKEN BY THE U.
S. BUREAU OF THE CENSUS. UPON RELEASE OF THE PRELIMINARY 1970 CENSUS DATA, THE 1967 POPULATION ESTIMATES FOR THOSE CIvIL DIVISIONS CCN—
TAINEC EITHER WHOLLY CR PARTIALLY WITHIN THE MILWAUKEE RIVER WATERSHED WERE ADJUSTEQC BASEC ON THE ACTUAL ENUMERATED POPULATICN INCREASE CR
CECREASE WHICKH CCCURREC BETWEEN THE 1960 AND 197C PRELIMINARY CENSUS WITHIN THE WATERSHED, ANC A REVISED 1967 WATERSHED POPLULATICN ESTIMATE
CF 543,790 PERSONS WAS SELECTEC TC BE USED AS THE FINAL BASE YEAR POPULATICN FOR THE WATERSHEC STUCY. THIS WAS 27,0C0 OR NEARLY 5 PERCENT
LESS THAN THE INITIAL 1967 ESTIMATE. THE MAJOR DIFFICULTIES BETWEEN THE EARLIER 1967 BASE YEAR ESTIMATE AND THE REVISED 1967 BASE YEAR
ESTIMATE FOR THE MILWAUKEE RIVER WATERSHED WERE CENTERED WITHIN THE CITY CF MILWAUKEE, ANC, THEREFORE, ALMOST ENTIRELY WITHIN THE LOWER
REACHES OF THE WATERSHED. PART OF THIS DIFFERENCE MAY BE ATTRIBUTEC TO FREEWAY CCNSTRUCTION WITHIN THE CEVELOPED LOWER REACHES CF THE
WATERSHEL, ANC PART TO URBAN RENEWAL ACTIVITIES, AS WELL AS TO CERTAIN CHANGES IN OEMCGRAPHIC CHARACTERISTICS, SUCH AS FAMILY SI2E AND
CCMPOSITION. THE CITY OF MILWAUKEE MAS HAC LNDERWAY FCR SEVERAL YEARS EIGHT URBAN RENEWAL PROJECTS, SEVEN OF wWHICH ARE LOCATED WHOLLY QR
PARTIALLY WITHIN THE WATERSHED. THE RESIDENTIAL AREA IN THESE PRCJECTS PRIOR TO SITE CLEARANCE WAS APPROXIMATELY 168 ACRES AND THE RESI-
CENT PCPULATIGN WAS APPRCXIMATELY §,771. ThH= URBAN RENEWAL PRCJECT PRCPGSALS PRCVICE FOR THE REDEVELOPMENT OF ABCLT 162 ACRES OF THE
CLEAREC LANC FCR RESICENTIAL USE, ANC THE PLAANED DENSITIES WOULD RESULT IN THE REPCPULATION OF THE SITES AT DENSITIES AT LEAST ECUAL TO
THCSE WHICK EXISTEC PRIOR TO SITE CLEARANCE.

91970 U. S. CENSUS CF POPULATICN (PRELIVMINARY ESTINATE).
“IN A SERIES OF ANNEXATICNS RETWEEN 1963 AND 1968 ABOLT 30 SQUARE MILES CF THE TCWN OF GERMANTOWN WERE ADCEC TO THE VILLAGE OF GERMANTOMWN.

SOURCE— SEWRPC.



TABLE 4

TOTAL POPULATION AND POPULATION DENSITY IN THE
MILWAUKEE RIVER WATERSHED BY CITIES, VILLAGES, AND TOWNS- 1967

AREA
POPULATION PERCENT OF INCLUDED PERCENT COF AVERAGE GROSS

CIVIL WITHIN WATERSHED IN WATERSHED AREA IN POPULATION DENSITY
DIVISION WATERSHED POPULATION (SQUARE MILES) WATERSHED {PER SQUARE MILE)
CITIES.ce.. 443,530 82 8l.67 12 5,431
VILLAGES... 67,570 12 22.75 3 23970
TOWNSceoeos 32,690 6 589.41 85 55

TOTAL 543,790 100 693.83 100 784

SCURCE—~ SEWRPC.

the upper reaches of the watershed are significant
factors contributing to a number of serious envi-
ronmental and resource-related problems existing
within the watershed, problems which will be dis-
cussed in greater detail in subsequent chapters of
this report.

Population Composition: The estimated geographic
distribution in 1967 of the resident population of the
watershed by median age is shown on Map 6. This
map indicates a concentration of older people in
the middle and lower reaches of the watershed,
particularly in the east side of the City of Milwau-
kee. Map 7 shows the estimated geographic distri-
bution in 1967 of average household sizes in the
watershed. The geographic distribution of both the
residential population by median age and the aver-
age household size in the watershed did not change
measurably between 1963 and 1967. As in the
Region, the smaller average household sizes
occur in the central cities and in smaller outlying
cities and villages, with the larger average house-
hold sizes occurring in suburban and rural farm
areas. The average household size in the water-
shed in 1967 was 3. 16 persons, with an average of
3. 34 persons for the headwater area and an aver-
age of 3.16 persons within the regional extent of
the watershed. The average household size in
1967 for the Region as a whole was 3.38 persons.
The average household income within that portion
of the watershed inside the Region in 1967 was
estimated at $9,500. This compares with a
regional average household income in 1967 of
$9,750. Average household income in 1967 for the
entire watershed was $9, 475, due to the influence
of the lower incomes of households in the rural
and semirural middle and upper reaches of the
watershed.

Preliminary 1970 Census of Population: In April
of 1970, the U. S. Bureau of the Census conducted
the regular federal decennial census of population
and housing. Preliminary civil division population
estimates became available from this census in
June 1970 as the Milwaukee River watershed study
was entering the alternative plan preparation stage
and after the basic data inventories and analyses
had been completed. The preliminary 1970 census
results, however, were considered to be of great
significance to the watershed study and are set
forth by civil division in the Milwaukee River
watershed in Table 3.

The 1970 estimated watershed population, based
upon the preliminary census figures, is 527,652,
as compared to the 1960 estimated watershed
population of 526,823. Thus, the total watershed
population grew only by about 0.2 percent in the
1960-1970 decade. A closer inspection of the pre-
liminary 1970 census results reveals, however,
a pattern that includes substantial growth of popu-
lation in the middle and upper reaches of the
watershed combined with substantial losses of
population in the lower watershed consisting of
Milwaukee County communities and, more particu-
larly, the City of Milwaukee itself. The 1960 City
of Milwaukee population in the Milwaukee River
watershed was estimated at about 405,000. By
1970 this figure had dropped to about 376,000,
a 7 percent decline. Although many factors con-
tributed to this decline, it is clear that at least
three factors were of particular significance;
namely, urban renewal activities involving whole-
sale clearance of housing units with little or no
replacement by April 1970, essential freeway and
other public works construction involving a loss
of housing units, and a reduction in the average
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Map 5
EXISTING POPULATION DENSITIES

IN THE MILWAUKEE RIVER WATERSHED BY HYDROLOGIC SUB-BASIN
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The population of the Milwaukee River watershed, estimated at about 544,000 persons in 1967, is
heavily concentrated in the lower reaches of the watershed. About 88 percent of all watershed
residents reside in Milwaukee County, with the remaining 12 percent found in the growing sub-
urban areas of Ozaukee County and in the older established urban communities in the upper
reaches of the watershed. The character of certain municipal improvements constructed many
years ago to serve the heavily populated areas of the lower watershed, such as the combined
sewer system and inadequately designed separate sanitary sewer systems, have been significant
factors contributing to the resource-related problems of the watershed.

Source: SEWRPC.
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Map 6

MEDIAN AGE DISTRIBUTION
IN THE MILWAUKEE RIVER WATERSHED
1967

LEGEND

MEDIAN AGE

- 31.0 & OVER

260 - 309

D 259 OR UNDER

MICHIGAN

The median age distribution within the watershed, as depicted

above, indicates that older people are concentrated more in the:

central city and older villages located in the lower reaches of the
watershed, with young families concentrated more in the outlying
urban and rural areas of the middle and upper reaches of the
watershed. A particularly heavy concentration of older people in
the watershed is found in the east side of the City of Milwaukee.
The median age of the watershed population dropped from 32 years
in 1950 to 29 years in 1967, reflecting, in part, the rapid growth of
suburban communities in the middle reaches of the watershed.

Source: SEWRPC..

household size. A more complete analysis of these
factors could not be made within the context of
the Milwaukee River watershed study, since the
essential detailed census data were not to be avail-
able until after completion of the study and since
the socioeconomic changes evidenced in the water-
shed are part of a set of complex factors at work
throughout the Southeastern Wisconsin Region, the
State of Wisconsin, and the nation and, hence, can
only be properly studied after more detailed com-
parative data become available on a nation and
statewide, as well as a regionwide, basis.

At the same time that the City of Milwaukee was
exhibiting a rather sharp decline in population

Map 7

AVERAGE HOUSEHOLD SIZE
IN THE MILWAUKEE RIVER WATERSHED
1967
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The average household size within the Milwaukee River watershed
was 3.16 persons in 1967, as compared to 3.38 persons per house-
hold in 1967 for the Region as a whole. The household size dis-
tribution pattern depicted above follows the normal pattern of an
increasing household size, with an increasing distance from the
larger, older urban areas of the Region.

Source: SEWRPC.

within the Milwaukee River watershed, however,
the remainder of the watershed continued to grow
in close accord with the population forecasts pre-
pared by the Commission under its regional land
use-transportation study (see Table 3). Thus,
while total watershed growth was very small in
the 1960-1970 decade, the substantial population
loss in the City of Milwaukee was more than
offset by rapid growth in the middle reaches of the
watershed and, in particular, the urbanizing por-
tions of Ozaukee and Washington Counties. Heavy
demands are, therefore, continuing to be placed
upon the limited land use, natural resource, and
public utility base of the watershed despite the fact
that total watershed population growth has slowed.

The rather sudden cessation of overall population

growth in the Milwaukee River watershed roughly
parallels a similar period in the 1930's when
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growth slowed throughout the watershed, Region,
state, and nation. Unlike the decade of the 1930's,
however, the growth rates of the Region, state,
and nation, while exhibiting slowdowns, did not
exhibit the same drastic slowdown in the 1960's
as the watershed. The overall watershed growth
pattern in the 1960's masks, however, as noted
above, a true pattern of substantial growth in the
middle reaches of the watershed combined with
housing stock depletion and consequent population
loss in the lower, older, more urban reaches of
the watershed. If the urban renewal activities are
successfully completed in the lower watershed
according to planned densities, it is likely that the
population decline will cease and that population
levels will stabilize or actually increase in the
lower watershed.

The Economy

Increases in the population levels of the watershed
are closely related to increases in the amount of
economic activity within the Milwaukee urbanized
area, almost all of which lies within commuting
distance of major portions of the watershed. This
is true not only because population migration into
the watershed is dependent upon the availability of
jobs within the Milwaukee urbanized area, but also
because jobs must ultimately be available to hold
the natural increase and prevent the out-migration
of young people entering the labor force. Popula-
tion growth in the watershed may, therefore, be
attributed basically to increasing economic activity
within the Milwaukee urbanized area. As shown
in Figures 6 and 7, employment within the Mil-
waukee urbanized area is heavily concentrated in
the manufacturing of durable goods—primarily in
machinery, electrical equipment, and transporta-
tion equipment—and in printing and publishing and
food and beverage products manufacturing,

The largest concentration of industry within the
watershed is in the City of Milwaukee and is com-
prised of 62 of the total of 75 industrial firms
within the watershed which employ 150 or more
persons each. It includes the six largest indus-
tries within the watershed—American Motors Cor-
poration, A. O. Smith Corporation, The Journal
Company, Globe Union Corporation, Joseph Schlitz
Brewing Company, and the Pabst Brewing Com-
pany. Other major industrial concentrations within
the watershed are located in the Cities of Cedar-
burg, Glendale, and West Bend and in the Village
of Grafton.
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Figure 6

PERCENTAGE DISTRIBUTION OF TOTAL
EMPLOYMENT IN MILWAUKEE, OZAUKEE,
AND WASHINGTON COUNTIES BY MAJOR
INDUSTRIAL GROUP 1967
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Source: SEWRPC.

Figure 7

PERCENT DISTRIBUTION OF MANUFACTURING
EMPLOYMENT IN MILWAUKEE,OZAUKEE,
AND WASHINGTON COUNTIES
BY TYPE OF MANUFACTURING (967
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Source: SEWRPC.

Due to these employment concentrations, much of
the working population of the watershed maintains
residence in, and works within, the watershed,
primarily in the urbanized areas of the watershed
in Milwaukee County. Although the watershed
within the Region contains approximately 30 per-
cent of the regional population, it accounts for
more than 42 percent of the total regional jobs.



It is important to note, also, that agriculture is
still an important component of the economy of the
watershed. Although the number of farms in
operation, the number of acres being farmed, and
the number of farm operators have been declining
within the counties containing the watershed in
accord with state and national trends, the average
farm size and the total value of farm products
sold have increased in all but Milwaukee County.
As indicated in Table 5, the 1959 to 1964 trend in
agricultural indicators for Fond du Lac, Milwau-
kee, Ozaukee, Sheboygan, and Washington Counties
shows a decline in the number of farms and farm
operators from 8, 931 to 8, 069, or by 9.7 percent,
and a decline in the number of acres farmed from
1,053,220 to 1,018,377, or by 3.3 percent. The
average farm size has increased from 117.9 acres
to 126.2 acres between 1959 and 1964, and the
value of farm products sold has increased by
more than $12 million, from about $71.6 million
in 1959 to approximately $84. 2 million in 1964. As
indicated in Table 6, there has been a slight shift
in farm product emphasis within these five coun-
ties between 1959 and 1964. In 1959 approximately
84 percent of the total sales value of farm prod-
ucts was accounted for by dairy products, live-
stock products other than poultry, and by field
crops. By 1964 these three product categories
accounted for 87 percent of the total sales of farm
products, but the sale of field crops has taken on
added importance and the proportionate sales of
livestock products decreased. Also, the sale of
poultry products decreased proportionately from
4. 5 percent of the total to 2. 9 percent of the total.
It is probable that increasing urbanization within,
and adjacent to, the watershed will result in addi-
tional shifts in agricultural product output in an

attempt by the farm operators to capture a greater
share of the local produce market. Although the
foregoing discussion refers to the five counties
containing the major portions of the Milwaukee
River watershed and not to the watershed itself,
about 15 percent of the agricultural lands of
Fond du Lac County; about 10 percent of the agri-
cultural lands of Milwaukee County; about 60 per-
cent of the agricultural lands of Ozaukee County;
about 20 percent of the agricultural lands of She-
boygan County; and about 50 percent of the agri-
cultural lands of Washington County lie within the
Milwaukee River watershed. About 26 percent of
the agricultural lands of the five counties contain-
ing the major portions of the watershed lies within
the watershed. Because of these facts and the
general homogeneity of farm operations within
each of the counties involved, it is likely that the
trends in agricultural indicators within the water-
shed will closely parallel those of the six-county
area for which data are available.

LAND USE

An important concept underlying the watershed
planning effort is that an adjustment must be
effected between land use development and the
ability of the underlying natural resource base to
sustain such development. The type, intensity,
and spatial distribution of land uses determine, to
a large extent, the resource demands within a
watershed. Water resource demand can be cor-
related directly with the quantity and type of land
use. Similarly, water resource deterioration can
be correlated with the quantity and type of land
use. The existing land use pattern can best be
understood within the context of its historical

TABLE 5

AGRICULTURAL INDICATORS IN FOND DU LAC,
AND WASHINGTON COUNTIES-

SHEBOYGAN,

MILWAUKEEs» OZAUKEE,
1959 AND 1964

FOND DU LAC CCUNTY MILWAUKEE COUNTY

OZAUKEE COUNTY

SHEBOYGAN COUNTY WASHINGTGN COUNTY TCTAL CR AVERAGE

INCICATOR

1959

1964

1959

1964

1959

1964

1959

1964

1959

1964

1959

1964

NUMBER OF FARMS.i.csceccasasces

ACREAGE FARMED.e.ceeacenonnmans

AVERAGE FARM SIZE (ACRES)e.ee,.

VALUE OF FARM PRODUCTS SOLC
{THOUSANDS OF COLLARS)essvocss

AVERAGE VALUE QF FARM PROCUCTS
SCLC PER FARM {DOLLARS)ececens

3,Cc2s8

409,776

3,029

135.3

255643

By 463

24768

4C7,688

2,768

147.3

31,539

11,407

557

32,848

557

54932

14175

409

254670

409

62.8

54292

12,938

989

116,827

989

118.1

74853

84173

871

108,205

871

124.2

94262

104634

2,506

275,649

2,506

11€.0

18,618

7+230

24306

2664258

25306

115.5

22,086

Se614

1,850

218,120

14850

117.9

13,541

Te360

1,715

211,556

1,715

123.4

15,586

9,335

8,931
(TgTAL)

1,053,220
(76TALY

8,931
{TCTAL)
108.0
(AVERAGE)
71,587
(TOTAL)

8,280
{AVERAGE)

8,069
(TOTAL)

140194377
(TOTAL)

8,069
{ToTAL)

114.6
(AVERAGE)

B4,165
(TOTAL)

10+ 786
{AVERAGE)

SCURCE- U.5. CENSUS OF AGRICULTURE AND SEWRPC.
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TABLE 6

VALUE OF FARM PRODUCTS SOLD IN FOND DU LAC,

MILWAUKEE,

DZAUKEE, SHEBOYGAN, AND WASHINGTON COUNTIES BY PRODUCT
1959 AND 1964 (THOUSANDS OF DOLLARS)
FOND DU LAC COUNTY MILWAUKEE COUNTY
PERCENT PERCENT
CHANGE CHANGE
PRODUCT 1959 1964 1959-1964 1959 1964 1959-1964
DAIRY.sooesancaane $14,832 $18,600 +25.4 s 683 s 398 -41.7
LIVESTOCK
(NOT PGULTRY)... 6,682 7,044 + 5.4 552 482 -12.7
FIELD CROPS.euan.. 1,432 2,596 +81.3 492 509 + 3.5
POULTRY eeeceocnaes 1,089 895 -17.8 202 114 -43.6
VEGETABLESeecaaess 1,059 1,823 +72.1 361 283 -21.6
FORESTacoensoaanns 505 549 + 8.7 3,550 3,445 - 3.0
FRUITS AND NUTS... 44 32 -27.3 92 61 ~33.7
TOTAL $25,643 $31,539 +23.0 $5,932 $5,292 ~10.8
OZAUKEE COUNTY SHEBOYGAN COUNTY
PERCENT PERCENT
CHANGE CHANGE
PRODUCT 1959 1964 1959-1964 1959 1964 1959-1964
DAIRYeuoeonanasans $44214 $4,744 + 12.6 $11,135 $12,295 +10.5
LIVESTOCK
(NOT POULTRY)... 1,709 2,123 + 24.2 4ybhh 64,400 +44.0
FIELD CROPSecseece. 569 1,306 +129.5 994 1,817 +82.8
POULTRY.venosaoane 354 239 - 32.5 970 584 -39.8
622 383 - 38.4 767 680 -11.3
FORESTarooooascens 230 300 + 30.4 178 253 +42.1
FRUITS AND NUTS... 155 167 + T.7 130 57 -56.2
TOTAL $74853 $9,262 + 15,2 $18,618 $22,086 +18.6
TOTAL
WASHINGTON COUNTY
1959 1969
PERCENT PERCENT
CHANGE PERCENT PERCENT CHANGE
PRODUCT 1959 1964 1959-1964 VALUE |DISTRIBUTION VALUE |DISTRIBUTION | 1959-1964
DAIRYecoenooannens | $ 8,076 | $ 9,978 + 23.6 $38,940 54.3 $46,015 54.7 +18.2
LIVESTOCK
{NOT POULTRY)... 3,325 2,604 - 21.7 16,712 23.3 18,653 22.2 +11.6
FIELD CROPSeeaness 1,017 2,067 +103.2 4,504 6.3 8,295 9.9 +84.2
POULTRY.coeanasaans 594 648 + 9.1 3,209 4.5 2,480 2.9 -22.7
VEGETABLESsaseeeae 390 550 + 41.0 3,199 4.5 3,719 4e4 +164.3
FORESTaaseassanane 91 83 - 8.8 4,554 6.4 4,630 5.5 + 1.7
FRUITS AND NUTS... 48 56 + 16,17 469 0.7 373 0.4 -20.5
TCTAL $13,541 | $15,986 + 18.1 $71,587 100.0 $84,165 100.0 +17.6
SCURCE- U. S. CENSUS OF AGRICULTURE AND SEWRPC.
development. Thus, attention is focused herein River. Initial urban development occurred along

upon historic, as well as existing, land use devel-
opment and upon region-wide, as well as water-
shed-wide, factors influencing land use.

Historical Development

The historic 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 Gov-
ernment all of what is now the State of Wisconsin
south of the Fox River and east of the Wisconsin
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the Lake Michigan shoreline at the ports of Mil-
waukee, Port Washington, Racine, and Southport
(now Kenosha), as these seitlements were more
directly accessible to immigration from the East
Coast through the Erie Canal-Great Lakes trans-
portation route. The settlement of the watershed,
which constituted a rich farm hinterland to the
northwest of the port city of Milwaukee, followed
soon afterward. Federal surveyors, after the
close of the Black Hawk War of 1832, began to
survey, subdivide, and monument the federal



lands; and by 1836 the U. S. Public Land Surveys
had been essentially completed in southeastern
Wisconsin, In 1838 a federal land office was
opened at Milwaukee, from which nearly 500, 000
acres of farm land were sold at the minimum
price of $1.25 per acre during the great land sale
of February and March of 1839. Significantly,
most of this land was not sold to speculators but
to farmers who sought the land for permanent
homesteads., Most of the settlers within the
watershed had been farming and living on the land
with only squatter rights prior to the federal
land sale.

Almost without exception the pioneer villages of
the watershed were located along the Milwaukee
River or on major tributaries at natural water-
falls or rapids, where small water-powered grist
mills and sawmills could be built. The early set-
tlers had to have flour, meal, feed, and lumber;
so these millsites were the logical locations for
the development of urban settlements. Information
pertinent to the watershed planning effort concern-
ing the milldams remaining within the watershed
is presented in Chapter V of this volume.

The period from 1840 to 1860 was one of rapid
settlement of the rural area of the watershed,
while the villages sustained velatively little
growth. Immigrants from northern Europe, New
England, and New York State settled in the water-
shed in increasing numbers and occupied most of
the good farm land by 1860. This was an era of
enormous wheat production within the watershed,
even though the crop had to be hauled long dis-
tances by wagon over extremely poor roads to
markets in the ports of Milwaukee, Port Wash-
ington, and Sheboygan. Sheep raising was also
important to the agricultural economy of the
watershed until about 1880. Most of the wool pro-
duced was marketed at the major port cities.
After 1880 both wheat and wool production de-
clined rapidly, being supplanted by dairy farming.
By 1900, as today, dairy farming was the most
important agricultural industry in the watershed.

Industrial development began to grow rapidly in
the watershed following the completion in 1855 of
the Chicago and Milwaukee Railroad connecting
the Cities of Chicago and Milwaukee. Milwaukee
became a major urban center and the most impor-
tant manufacturing center within the watershed,
primarily due to the immigration of skilled arti-
sans and mechanics from Germany. Nearly all of
the city's major industrial plants can trace their

beginnings to the small backyard shops of these
immigrants. The rapidly expanding manufacturers
had their foundations in the raw materials sup-~
plied by the farms and forests of the watershed,
the state, and its neighbors. Some well-known
Milwaukee companies developed from small local
plants within the watershed, including the Pabst
Brewing Company, Joseph Schlitz Brewing Com-
pany, and the Pfister and Vogel Leather Company.

During the 35-year period from 1910 to the end of
World War Il in 1945, the trend toward more
intensive land use continued, marked particularly
by the increasing mechanization of farming and
the introduction of a modern, all-weather highway
system. During the 20 years since the end of
World War II, land use has changed more than in
the entire previous 115-year history of the water-
shed. An affluent and mobile population has been
converting land from rural to urban use for resi-
dential, commercial, institutional, and transpor-
tation purposes at an unprecedented rate. In the
17-year period extending from 1950 to 1967, a 36
percent increase in the population of the water-
shed was accompanied by an 80 percent increase
in the land devoted to urban use within the water-
shed. As shown on Map 8, this urbanization
occurred in a diffused pattern outward from the
historic urban center into the woodlands and the
fertile farm lands of the watershed.

Present Land Use

The generalized pattern of present (1967) land use
within the Milwaukee River watershed is shown on
Map 9 and is summarized in Table 7. Although
Map 9 illustrates the still predominately rural
character of the headwaters, it also illustrates the
diffused pattern of medium- to high-density urban
development which has occurred in the basin por-
tion and surrounding the satellite villages and
cities of the watershed. Agricultural land use is
still the predominant land use in the watershed,
occupying 61.0 percent of the total watershed
area. Urban land uses within the watershed pres-
ently occupy only 14.7 percent of the total water-
shed area. Residential development, consisting
mainly of single-family dwellings, accounts for
6.1 percent of the total urban land use.

Although only 1.1 percent of the watershed area is
presently devoted to active outdoor recreational
land use, a high potential for development of addi-
tional recreational land exists., While over 62 per-
cent of the Milwaukee River watershed lies within
the Region, only 57 percent of the woodlands and
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An affluent and mobile population has been converting land from rural to urban use within the TR
watershed at a steadily increasing rate. In the 17-year period extending from 1950 to 1967, a ELRAI B
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GENERALIZED EXISTING LAND USE IN THE
MILWAUKEE RIVER WATERSHED
1967
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ringing their shores.
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TABLE 7

SUMMARY OF EXISTING LAND USE IN THE MILWAUKEE RIVER WATERSHED- 1967

AREA IN | PERCENT OF | PERCENT OF
AREA IN | SQUARE MAJOR WATERSHED
LAND USE CATEGORY ACRES MILES CATEGORY AREA
URBAN LAND USE
RESIDENTIAL
UNDER DEVELOPMENT eoevconscasse 2,176 3440 3.3 0.5
DEVELOPED e ceccscsccnccncscsnne 24,844 38, 82 38.0 5.6
SUBTOTAL 27,020 42,22 41.3 6.1
COMMERCIALeevosoascasosnccasnnnes 1,368 2.14 2.1 0.3
lNDUSTRIAL.....‘..“......'..‘.. 1’763 2.76 2.7 0"
MINING-..‘.......’....'..Q....‘. 1’113 1.74 1.7 0.3
TRANSPORTATION AND UTILITIESCS... 25,511 39.86 39.1 5.7
GOVERNMENTAL AND INSTITUTIONAL.. 3,452 5,39 5.3 0.8
RECREATIUNAL"...‘..'....'...... 5’081 7.94 7.8 1.1
TOTAL URBAN LAND USE 65,308 102.05 100.0 14.7
RURAL LAND USE
AGRICULTURAL ceosacccasncacncssces 271,370 424,01 71.5 61.0
OPEN LAND
WATER AND WETLANDS  cesvcescnces 65,050 101.64 17.1 14.6
HOODLAND:."...'..’..’.O...... 35'032 54.74 9.2 7.9
UNUSED LAND.eocvanssccaanacene 8,191 12.80 2.2 1.8
TOTAL RURAL LAND USE 379,643 593,19 100.0 85.3
TOTAL LAND USE 444,951 695,249 - 100.0

“INCLUDES OFF-STREET PARKING.

bINCLUDES MAJOR AND NEIGHBORHOOD PARKS.

‘THE WETLAND AND WOOUDLAND AREA DATA PRESENTED IN THIS TABLE WAS DETERMINED

THROUGH AIR PHOTO INTERPRETATION,

DELINEATION,

PART OF THE WATERSHED LAND USE INVENTORY AND, AS SUCH,
BLE TO THE WETLAND AND WOOODLAND AREA DATA PRESENTED AS PART OF THE NATURAL RE-
THE LATTER DATA WERE
COMPILED BY THE WISCONSIN DEPARTMENT OF NATURAL RESBURCES THROUGH FIELD INTER-
PRETATION TECHIQUES AND GENERALLY INCLUDE ONLY CONTIGUDUS WETLAND AREAS OF AT
LEAST 50 ACRES AND ONLY CONTIGUOUS WOODLAND AREAS OF AT LEAST 20 ACRES.

SOURCE INVENTORY IN CHAPTERS IV AND XIII OF THIS VOLUME.

AND MEASUREMENT BY THE SEWRPC AS
IS NOT STRICTLY COMPARA-

dTHIS FIGURE REPRESENTS THE TOTAL AREA OF THE WATERSHED AS DETERMINED THROUGH
APPROXIMATING THE WATERSHED BOUNDARY BY U. S.
TION AND SUMMING THE QUARTER-SECTION TOTALS.
TAL IS 693.83 SQUARE MILES, OR 444,051 ACRES, REPRESENTING A DIFFERENCE OF 1.41

SQUARE MILES, OR ABDUT 900 ACRES,

TABLE 1.
SOURCE- SEWRPC.
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51 percent of the water and wetlands of the water-
shed lie within the Region. That part of the
Milwaukee River watershed within the Region
accounts for 18.5 percent of the water and wet-
lands and 15.2 percent of the woodlands of the
Region, while comprising 25. 8 percent of the total
area of the Region.

The existing land uses are summarized in Appen-
dix C by the major areas of the watershed tributary
to the existing stream gages located at Milwaukee
(Estabrook Park), Cedarburg, Fredonia, North
Branch, New Fane (East Branch), and Kewaskum.

PUBLIC UTILITY BASE

Sanitary Sewerage Service

Within the watershed the construction of public
sanitary sewerage facilities has not fully kept
pace with the rapid urbanization of the watershed,
with the result that much suburban development is
presently dependent upon individual septic tank
sewage disposal systems. Presently (1967), about
64 percent of the developed area of the watershed,
9 percent of the total watershed area, and about
92 percent of the total watershed population are
served by public sanitary sewerage facilities.
The existing public sanitary sewerage service
areas within the watershed are shown on Map 10,
together with the locations of the 14 municipal
sewage treatment plants within the watershed.
Detailed information on the treatment provided by,
and the loading and efficiency of, these sewage
treatment plants is presented in Chapter IX of
this volume.

Of special significance, and also shown on Map 10,
are the areas within the basin and outside Mil-
waukee County which are included in the planned
service area of the Metropolitan Sewerage Com-
mission of the County of Milwaukee. Within this
service area, which comprises about 32 square
miles, or nearly 5 percent of the total watershed
area, sanitary sewage will be collected and trans-
mitted to plants located directly on the shore of
Lake Michigan for treatment and disposal.

Water Supply Service

Public water supply systems serve a somewhat
smaller proportion of the watershed area than do
public sanitary sewerage systems. Presently
(1967) about 60 percent of the total developed area
of the watershed, 9 percent of the total watershed
area, and about 91 percent of the total watershed

population are served by public water supply sys-
tems. The existing service areas of public and
privately operated water systems are shown on
Map 11. Two major publicly owned and operated
water supply systems in the watershed—the Mil-
waukee water utility, serving the City of Milwau-
kee and the Villages of Brown Deer and Shorewood,
and the North Shore water utility, serving the City
of Glendale and the Villages of Fox Point and
Whitefish Bay—utilize Lake Michigan as their
source for domestic water supply. All other
public and privately operated water systems, as
well as individual water supplies, depend entirely
upon ground water resources for domestic water
supply. Except for the relatively large public
water service areas of the Cities of Glendale and
Milwaukee and the Villages of Brown Deer, Fox
Point, Shorewood, and Whitefish Bay in Milwaukee
County; the City of Cedarburg and the Village of
Grafton in Ozaukee County; and the City of West
Bend in Washington County, the public and pri-
vately owned water supply systems serve small
and scattered areas of urban development.

Electric and Gas Utility Service

An adequate supply of electric power is available
to all portions of the watershed. Residential ser-
vice is available anywhere within the watershed,
and low-voltage lines are in place along nearly
every rural highway. Electric power adequate to
meet any commercial or industrial need could and
would, as a matter of established utility corpora-
tion policy, be extended to any customer request-
ing electric service, with the sole limitation being
that the anticipated earnings from a particular
customer must, over a four-year period, be equal
to, or greater than, the cost of extending such
service.

As a matter of established utility corporation
policy, any major natural gas customer can obtain
gas service anywhere within the franchise por-
tions of the watershed; but extensions to serve
small potential customers in areas remote from
existing gas mains must be deferred until the
number of such customers economically justifies
the necessary extension. Gas service within the
watershed is provided by three utilities: the Wis-
consin Gas Company, the Wisconsin Power and
Light Company, and the Wisconsin Public Service
Corporation. No gas utility franchise exists in the
watershed within the Town of Wayne in Washington
County and the Town of Scott in Sheboygan County.
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Map 10

PUBLIC SANITARY SEWER SERVICE AREAS
IN THE MILWAUKEE RIVER WATERSHED
1967
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About two-thirds of the present (1967) urban development and about 90 percent of the present popu-
lation of the watershed are served by public sanitary sewerage facilities. Most of the population
not served by public sanitary sewer service is located in low-density residential development
that has occurred relatively recently in the middle reaches of the watershed. A continuation of
the recent trends toward urban sprawl within the Milwaukee River watershed will tend to decrease
the proportionate area served by centralized sanitary sewerage facilities and can only imtensify 23 v O

water pollution and public health problems within the watershed. I WAUKEE - WETROROLTAN
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PUBLIC WATER SUPPLY SERVICE AREAS
IN THE MILWAUKEE RIVER WATERSHED
1967
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About 60 percent of the present (1967) urban development and about 90 percent of the present popu-
lation within the watershed are served by public water supply facilities. Lake Michigan water is «
the major source of municipal water supply within the watershed, currently serving about one- e
half of the present urban development and about 85 percent of the total watershed population. s
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TRANSPORTATION SYSTEM

The extensively developed, all-weather, high-
speed highway system within the watershed has
had a marked influence on the spatial location of
urban development. This influence has, however,
been significantly modified by the location within
the watershed of such natural resources as lakes,
streams, woodland, and fertile farm lands.

The major transportation network within the
watershed, as shown on Map 12, consists of a
radial pattern of major arterial highways inter-
connecting the urban and rural areas of the water-
shed. Most of the arterial highways presently
(1967) carrying over 4,000 vehicles per average
weekday are either major intercity and inter-
regional routes through the watershed or radiate
from the Milwaukee urbanized area.

Intercity bus service is provided (1967) between
several communities within the watershed and
other urban centers, such as Milwaukee, West
Bend, Fond du Lac, Port Washington, and Sheboy-
gan. The Wisconsin Coach Lines of Waukesha
serves communities within the watershed by one
route along STH 33, 57, and 145 and USH 41 and
45 and by another route along STH 57, 60, and 175
and USH 41 and 141,

Intra-urban bus service within Milwaukee County
is provided (1967) by the Milwaukee and Suburban
Transport Corporation. Rail service in the water-
shed is limited to freight hauling, except for
scheduled passenger service to the Cities of
Milwaukee and West Bend by the Chicago and
Northwestern Railway Company (C&NW). Two
other major railway lines operating within the
watershed but providing freight service only are:
The Chicago, Milwaukee, St. Paul and Pacific
Railroad Company (Milwaukee Road) and the Min-
neapolis, St. Paul and Sault Ste Marie Railroad
Company (Soo Line).

SUMMARY

This chapter has described the man-made fea-
tures of the Milwaukee River watershed, which
together constitute the socioeconomic base of
the watershed. The description has included the
historic trends and the present size, composi-
tion, and distribution of the resident population;
the general interdependence of economic activity
within the watershed to that of the Region; the
historic development of land use and the general
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pattern of existing land use within the watershed;
and the transportation and public utility systems
existing within the watershed. The findings con-
tained in this chapter, which have particular sig-
nificance to the comprehensive planning study of
the Milwaukee River watershed, are summarized
in the following paragraphs.

The Milwaukee River watershed is the third larg-
est of the 11 major natural surface water drainage
units located within the rapidly urbanizing South-
eastern Wisconsin Region. A complex pattern of
general and special-purpose units of government,
including federal, state, regional, and local levels,
is superimposed upon this drainage unit, compli-
cating comprehensive watershed planning and plan
implementation activities.

The present (1967) population of the watershed is
estimated at 543,790 persons, of which 531, 680
persons reside within the Region and 12,110 per-
sons reside outside the Region. The population of
the watershed has increased steadily since 1850,
although preliminary 1970 U. S. Census of Popu-
lation and Housing results reveal a less than
1 percent increase in total watershed population
during the 1960-1970 decade, as compared to
a 32 percent increase in watershed population
during the 1950-1960 decade. Closer inspection
of the preliminary 1970 census resulls reveals,
however, a combination of substantial population
growth and development in the middle, urbanizing
reaches of the watershed, combined with an actual
decline in population in the City of Milwaukee
portion of the lower, urban reach of the water-
shed. The City of Milwaukee watershed population
dropped 7 percent in the 1960-1970 decade, from
about 405,000 to about 376,000, the decline being
attributed primarily to a substantial loss of
housing units due to extensive urban renewal
activities and essential freeway and other public
works construction and to a reduction in the aver-
age household size due to changing patterns of
family composition. This substantial population
loss was more than offset by rapid growth in the
middle reaches of the watershed.

The economic forces which promote this popula-
tion growth and urbanization in the middle and
upper portions of the watershed are largely
centered inside the watershed in the major urban
center of Milwaukee. Land areas in the lower
and center reaches of the watershed are under-
going a particularly rapid conversion from rural
to urban use. Moreover, recent urban develop-
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FEDERAL AND STATE HIGHWAY AND TRUNK LINE RAILROAD FACILITIES
IN THE MILWAUKEE RIVER WATERSHED
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ment has consisted primarily of a scattered,
low-density type, with many isolated enclaves of
residential development away from established
communities. This type of urban development is
placing a particularly heavy strain on the natural
resource base of the watershed.

The construction of public sanitary sewer and
water facilities has not fully kept pace with the
rapid urban growth in the watershed, necessitating
the widespread use of individual private wells and
on-site sewage disposal systems (septic tanks) in
the middle and upper reaches of the watershed.
Presently, about 64 percent of the developed urban
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land area and 92 percent of the total watershed
population is served by public sewerage systems,
while about 60 percent of the developed urban land
area and 91 percent of the total watershed popula-
tion is served by public water supply systems.

The extensively developed,high~speed, all-weather
highway system within the watershed has had a
marked influence on the spatial location of urban
development from West Bend to Milwaukee. This
influence has, however, been significantly modi-
fied by the location within the watershed of such
natural resources as lakes, streams, woodland,
and fertile farm lands.



Chapter IV

DESCRIPTION OF THE WATERSHED—NATURAL RESOURCE BASE

INTRODUCTION

The natural resource base is a primary determi-
nant of the development potential of a watershed
and of its ability to provide a pleasant and habita-
ble environment for all forms of life. The princi-
pal elements of the natural resource base are
climate, physiography, geology, soils, vegetation,
water resources, and wildlife. Without a proper
understanding and recognition of these elements
and of their interrelationships, human use and
alteration of the natural environment proceeds at
the risk of excessive costs in terms of both mone-
tary expenditures and the destruction of nonre-
newable or slowly renewable resources. In this
age of high resource demand and rapidly changing
technology, it is especially important that the
natural resource base be a primary considera-
tion 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

The Milwaukee River watershed is subject to
a semi-humid continental-type climate which is
characterized by the extremes in weather common
to its latitude and interior position on the North
American Continent. Cyclonic activity is the main
cause of the weather conditions over the water-
shed, which lies in the path of frontal systems
moving. across the continent in a generally east-
erly and southeasterly direction. Lake Michigan
has a moderating effect on the climate of the
watershed, which effect, although generally limited
to a narrow band within five miles of the Lake
Michigan shoreline, may extend as far as 30 miles
inland under some conditions.

The climate spans the four seasons, each suc-
ceeding one another through varying 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. Precipitation experienced during
this season is usually convectional in origin due
to diurnal heating. Winter generally spans the

months of December, January, and February but
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 mid-winter thaw occasioned by
brief periods of unseasonably warm weather.
Streams and lakes begin to freeze over in Novem-
ber, with the larger and deeper bodies of water
being usually covered with ice by mid-December.
Lake and stream ice breakup occurs in late March
or early April due to increasing solar radiation,

Autumn and spring in the watershed, being tran-~
sitional times of year between the dominant sea-
sons, are usually periods of unsettled weather
conditions. Temperatures are extremely varied,
and relatively long periods of precipitation are
common during these two seasons. Early spring
is marked by a moderation of the low temperature
of winter, and by late March rainfall replaces
snow as the predominant form of precipitation,
Typical spring weather may exfend 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.

Air temperatures within the watershed are subject
to large seasonal and yearly variations. Air tem-
peratures for both winter and summer generally
lag about three weeks behind their respective sol-
stice, resulting in July being the warmest month
and January, the coldest. The number of days
within the watershed with temperatures of 0°F or
less has ranged from none in 1921 and 1931to 41in
1963, as determined by the records for the two
stations from 1871 to 1969. The number of days
with temperatures of 90°F or more has ranged
from zero in 1950 and 1951 to 31 in 1941. The
lowest temperature recorded within the watershed
was -29°F in January 1951. The highest tempera-
ture recorded was 107°F in July 1936. The mean
daily temperature of the hottest month, July, is
70.3°F; and the mean daily temperature of the
coldest month, January, is 20.4°F. The mean
annual temperature for the watershed ranges from
45.1°F in the lower watershed to 46.4°F in the
upper watershed.
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The growing season, which is defined as the
number of days between the last 32°F frost in
spring and the first 32°F frost in fall, averages
about 164 days within the watershed. The average
date of the first 32°F freeze occurs during the
second week of October, and the average date of
the last 32°F freeze in the spring occurs during
the first week of May.

Precipitation within the watershed takes the form
of rain, sleet, hail, and snow and ranges from

gentle showers of trace quantities to destructive
thunderstorms, causing property and crop damage,
inundation of poorly drained areas, and stream
flooding. As indicated in Table 8, the average
annual precipitation for the watershed is 29.51
inches at Milwaukee and 29.76 inches at West
Bend' and has varied from a low of 19.10 inches
to a high of 41.86 inches, as determined by the

' The average annual precipitation for the watershed as a
whole, determined by the Thiessen (Polygon) Network meth-
od, is 29.35 inches.

TABLE 8

PRECIPITATION MEANS AND EXTREMES
AT MILWAUKEE AND WEST BEND, WISCUNSIN 1931-1960°

PRECIPITATION (INCHES)

MEANS GREATEST DAILY
MCNTH MILWAUKEE | WEST BEND MILWAUKEE | YEAR WEST BEND| YEAR
JANUARY ceu.. 1.83 1.68 1.71 1560 2.35 1938
FEBRUARY e v. I.40 1.36 1.67 1560 1.52 1937
MARCHa eouann 2.31 2.01 2.57 1960 1.74 1943
APRILceconan 2.53 2.54 2.11 1956 2.42 1955
MAYeooaoanan 3.16 2.58 2.C6 1948 2.52 1936
JUNEeoooonane 3.64 3.96 3.13 1950 3,78 1940
JULYeennnnnn 2.95 3.34 4.35 1559 4.24 1952
AUGUSTesaa.n 3.06 2.89 4.05 1953 2.58 1945
SEPTEMBER... 2.72 3.16 5.28° | 1941 2.09 1941
CCTCBER.eu.. 2.10 2.21 2.60 1959 3.10 1954
NGVEMBER.... 2.18 2.13 2.18 1543 1.39 1931
CECEMBER.... 1.63 1.5C 1.93 1942 2.20 1942
29.51 29.76 5,28 1941 4.24 1952
SEPT JULY

°THE 30-YEAR PERIOC, 1931-1$6C, IS THE

'STANDARD NORMAL* PERICD, WHICH CONFORMS

TO THE WCRLD METEOROLOGICAL ORGANIZATION STANDARD FOR CLIMATCLCGICAL NORMALS.,
FOR A MORE COMPLETE PERICD OF ANNUAL PRECIPITATICON SEE CHAPTER VI, TABLE 24, OF

THIS REPCRT VCLUME.

PTHE MAXIMUM RECORDED 24-HOUR RAINFALL IN THE WATERSHED —--7.58 INCHES-- OCCURRED
AT WEST BEND IN AUGUST 1924 (SEE CHAPTER VI CF THIS VOLUME).

SOURCE- U. S. WEATHER BUREAU AND SEWRPC.
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records for the two stations from 1931 to 1960,
which 30-year period is the 'standard normal"
period conforming to the World Meteorological
Organization standard for climatological normals,
Approximately 55 percent of the average annual
precipitation occurs as rainfall during the grow-
ing season. Snowfall accounts for approximately
14 percent of the average annual precipitation and
has ranged from a minimum cumulative seasonal
snowfall of 12.1 inches (water equivalent of one
inch) in the winter of 1967-1968 to a maximum
cumulative seasonal snowfall of 93.3 inches (water
equivalent of 7.75 inches) in the winter of 1959-
1960. The maximum recorded 24-hour rainfall was
5.28 inches in 1941, and the maximum recorded
24-hour snowfall was 16.7 inches in 1960,

Summaries of precipitation and temperature data
for the Milwaukee, and West Bend, Wisconsin,
weather stations are presented in Tables 8 and 9;
and graphic presentations for each are shown
in Figure 8. These climatological summaries
closely approximate temperature and precipitation
characteristics within the watershed. They also
indicate differences between a geographic location

in the lower watershed on the Lake Michigan
shoreline and a location in the middle or upper
watershed at a distance of about 15 miles inland
from the Lake Michigan shoreline.

Northwesterly winds prevail during the winter,
whereas southwesterly winds prevail during the
summer. The windiest months are March, April,
and November, when the wind velocities have
averaged about 14 miles per hour out of the west-
northwest during the 30-year period of record
from 1931 to 1960. Wind velocities in the range
of 13 to 31 miles per hour have occurred about
40 percent of the time. Wind velocities exceeding
31 miles per hour have occurred less than 1 per-
cent of the time.

The percent of maximum possible sunshine aver-
ages about 51 percent during the year, ranging
from 40 percent from November through Febru-
ary, 55 percent from March through May and
during October, to 60 percent from June through
September.

TABLE 9

TEMPERATURE MEANS AND EXTREMES

AT MILWAUKEE AND WEST BEND,

WISCONSIN 1931-1960°

MEARS {°F) EXTREMES (°F)
DAILY MAXIMUM DAILY MINIMUM MONTHLY RECORC HEGH RECORD LOW
MCNTH MILWAUKEE | WEST BEND | MILWAUKEE | WEST BEND [ MILWAUKEE | WEST BENC | MILWAUKEE YEAR WEST BEND|YEAR | MILWALKEE YEAR |WEST BEND | YEAR
JANUARY ¢ 00 s 28.3 28.6 i2.8 11.7 20.6 20.2 62 1944 19 1944 -24 1951 ~29 1951
FEBRUARY... 30.2 31.0 14.6 13.5 22.4 22.3 60 1954 63 1930 -19 1951 ~-28 1933
FARCHeooasa 38.8 39.9 23.2 23.0 31.0 31.5 17 1943 19 1945 -3 1960 -9 1943
APRILaucasa 53.1 54.9 34.1 34.6 43.6 44.8 85 1939 88 1930 13 1954 8 1954
1960
1939
1950
PAYeaanaane 63.9 €7.5 42.9 45.4 53.4 5645 90 1956 10¢ 1934 29 1943 20 1935
1959
JUNEevssvas 13.9 17.4 52.6 55.8 63.3 8646 99 1953 103 1934 33 1945 30 1945
JULYeeoennn 78.9 82.9 58.4 6C.7 68,7 T1.8 102 1940 1c7 1936 45 1945 42 1945
AUGUST evaae 17.7 80.8 57.8 59.5 67.8 70.2 100 1948 99 1934 44 1950 37 1934
1955
SEPTEMBER. . 70.7 12.4 49.9 51.3 60,3 61.9 99 1939 98 1931 31 1942 28 1942
1942
CCTOBERewss 6041 £0.8 39.9 41.1 50.0 51.0 86 1947 84 1938 21 1948 19 1954
1960
NCVEMBER... 44.1 44.1 21.5 27.8 35.8 36.0 77 1944 17 1933 -5 1950 -10 1958
1946
CECEMBER... 32.0 32.0 17.1 16.7 24.6 24.4 60 1949 60 1946 -12 1950 -17 1940
1960
S54.3 56.0 35.9 36.7 45.1 4644 102 1340 107 1940 -24 1951 -29 1951
JuLy JuLy JANUARY

°THE 30-YEAR PERIOD, 1931-196C, IS THE *STANCARD NCRMAL® PERIGD WHICH CCNFORMS
NORMALS, AND, MOREQOVER, CONFORMS TO THE DECEANIAL CENSUS CF THE UNITED STATES

SCURCE~ U.S. DEPARTMENY OF COMMERCE, WEATHER BUREAU, ANC SEWRPC.

TC THE WCRLOD METEOROLOGICAL ORGANIZATIGN STANCARD FCR CLIMATCLOGICAL
CLIMATE, U. S. WEATHER BUREAU.
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Figure 8
AVERAGE MONTHLY TEMPERATURE AND PRECIPITATION

AT MILWAUKEE

AND WEST BEND, WISCONSIN

1931 - 1960
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Source: U.S. Department of Commerce, Weather Bureau.

PHYSIOGRAPHY

The Milwaukee River watershed is an irregularly
shaped drainage basin, with its major axis ori-
ented approximately north and south. Its areais
approximately 694 square miles and its length
approximately 46 miles. Its width varies from
26 miles in the northern portions of the water-
shed to approximately four miles in the lower
watershed.

The western boundary of the Milwaukee River
watershed forms a major subcontinental divide
between the upper Mississippi River drainage
basin and the Great Lakes-St. Lawrence River
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drainage basin. On the north the Milwaukee River
watershed adjoins the Sheboygan and Wolf-Fox
River watersheds; on the west, the Rock River
watershed; and on the south, the Menomonee River
watershed. On the east the Milwaukee River
watershed shares a common boundary with the
Sauk Creek watershed and with various minor
unnamed tributaries to Lake Michigan. In the
lower portion of the basin, the eastern boundary
lies very close to and parallels the Lake Michi-
gan shoreline.

Topography
The Milwaukee River watershed lies within the
Niagara cuesta section of the Eastern Ridges



and Lowlands physiographic province of Wiscon-
sin, and its topography is controlled together
by the bedrock and overlying glacial deposits.
The Niagara cuesta, on which the watershed
lies, is a gently eastward sloping bedrock sur-
face. The topography in this section is asym-
metrical, with the eastern border of the watershed
being generally lower in elevation than the west-
ern border. The bedrock formations underlie
glacial deposits, which form the irregular surface
topography characterized by rounded hills or
groups of hills, ridges, broad undulating plains,
and poorly drained wetlands. In particular, the
interlobate deposits left between the Green Bay
and Lake Michigan lobes of the continental glacier,
known as the Kettle Moraine, give the watershed
its highest elevations and areas of greatest local
relief. This complex system of moraines, kames,
kettle holes, and abandoned drainageways forms
some of the most attractive and interesting land-
scapes within the watershed. Surface elevations
within the watershed range from ahigh of approxi-
mately 1,311 feet above sea level at Parnell Look-
out Tower in the Town of Mitchell, Sheboygan
County, to approximately 580 feet at the entrance
to the Milwaukee Harbor, a maximum relief of
731 feet. The areas of greatest local relief are
located northwest of West Bend in Washington
County and northeast of Long Lake in Sheboygan
County and, although generally less than 100 feet,
in some places exceed 200 feet (see Map 13).

Surface Drainage

Surface drainage is poorly developed but highly
diverse within the Milwaukee River watershed
due to the effects of the relatively recent glacia-
tion. The land surface is complex, containing
thousands of closed depressions that range in size
from mere pits to large areas up to 100 acres
in size. Significant areas of the watershed are
covered by wetlands, and many streams are mere
threads of water through these wetlands. Even
the main avenues of drainage in the watershed
formed by the Milwaukee River and its major
tributaries have a very disordered pattern. The
flow of the Milwaukee River from its origin in
Kettle Moraine Lake, located in Section 27, Town
14 North, Range 19 East, Town of Osceola, Fond
du Lac County, is generally southerly to West
Bend. At West Bend the river turns eastward and
flows generally easterly down the dip slope of the
Niagara cuesta to Fredonia. Here it turns and
again flows in a generally southerly direction
parallel and very close to the Lake Michigan

shoreline to its mouth on the Lake Michigan shore
in Milwaukee. A relatively complex pattern of
major tributaries includes the North, the East,
and the West Branches of the Milwaukee River and
Cedar Creek.

GEOLOGY—A STRATIGRAPHIC
AND HISTORIC OVERVIEW

The geology of the Milwaukee River watershed is
a complex system of various layers and ages of
rock formations. The type and extent of the vari-
ous bedrock formations underlying the watershed
was determined primarily by the environments in
which the sediments forming the various rock
layers were deposited. The surface of this varied
system of rock layers was, moreover, deeply
eroded prior to being buried in a blanket of glacial
deposits consisting of unconsolidated sand, clay,
gravel, and boulders.

The geologic units underlying the Milwaukee River
watershed, in ascending order, consist of Pre-
Cambrian crystalline rocks, layered Paleozoic
sedimentary rocks, and unconsolidated Pleisto-
cene glacial deposits. Only the glacial deposits
and the youngest sedimentary rocks are exposed
in the watershed. The subsurface stratigraphy of
the Milwaukee River watershed is summarized in
Table 10. Geologic sections through the watershed
are shown in Figure 9, and the locations of these
sections are shown on Map 14,

Pre-Cambrian Rock Units

Pre-Cambrian crystalline rocks, thousands of feet
thick, form the basement on which younger rocks
were deposited. Little is known of their origin;
but, in three wells that reach the Pre-Cambrian
basement, the rock types are quartzite and granite.

The Pre-Cambrian rocks were extensively eroded
to an uneven surface before the overlying sedi-
mentary formations were deposited. A striking
feature of this eroded surface is a buried Pre-
Cambrian hill near West Bend in Washington
County. At the crest of the hill, the Pre-Cambrian
rocks are about 950 feet below land surface, while
in Milwaukee County to the southeast, these rocks
are estimated to be over 2,600 feet below land
surface. The slope of this hill is steepest to the
east and south.
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Map 13

GENERALIZED RELIEF
IN THE MILWAUKEE RIVER WATERSHED

ELEVATION IN FEET ABOVE MEAN SEA LEVEL

- 1300 OR MORE
-' 1200 — 1299
1100 — 1199
- 1000 — 1099
- 200 — 999
:l 800 — 899
- 700 — 799
- 600 — €99
]:] LESS THAN 600
A A CROSS SECTIONS--SEE FIGURE ©
L4
B o
{4

A complex system of glacial moraines, kames, kettle holes, and abandoned drainageways form a
most attractive and interesting landscape within the Milwaukee River watershed. Surface eleva-
tions within the watershed range from a high of about 1,311 feet about mean sea level in the Town
of Mitchell, Sheboygan County, to approximately 580 feet at the Milwaukee Harbor, a maximum
relief of 731 feet. Local relief, however, is generally less than 100 feet. The surface of the bed-
rock underlying the watershed slopes gradually downward toward the east, producing an asym-
metrical relief pattern, with the western portions of the watershed generally being higher than
the eastern portions.

Source: U.S. Geological Survey.
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TABLE 10

STRATIGRAPHY OF THE MILWAUKEE RIVER WATERSHED

GECLGGIC AGE STRATIGRAPHIC THICKNESS LITHCLCGY AREAL EXTENT
UNITY RANGE {FEET)
HCLOCENE ALLUVIUM c-2517) PEAT, CLAY, SILT, SANDs OCCURS CNLY LOCALLY
AND GRAVEL. IN STREAMS, VALLEYS,
ANC MARSHES.
PLEISTOCENE GLACIAL DEPOSITS C-4001(+) PEAT, CLAY, SILT, SAND, UNCERLIES ENTIRE WATERSHED
AND GRAVEL. EXCEPT ON ROCK OUT-
CROPS.
DEVCNLAN MILWAUKEE FORMATION c-11¢ DCLOMITE, GRAY AND BROWN THESE UNITS QCCUR ONLY IN THE
SHALE, GRAY. SCUTHEASTERN PART OF THE
WATERSHED.
THIENSVILLE FORMATICN c-8C DCLCMITE, LIGHT TC CARK
BRCWN AND GRAY MGCERATELY
THICK-BECDED, DENSE.
LAKE CHURCH FORMATICN 0-35 DCLOMITE.
STLURT AN DOLOMITE C-646 COLOMITE, LIGHT GRAY UNBERLIES ENTIRE WATER-
UNCIFFERENTIATED UPPER PART, MASSIVE SHEC WITH THE POSSIBLE
MICDLE PART CHERTY, EXCEPTICN OF SMALL AREA
LCGWER PART LESS MASSIVE NCRT+ OF SLINGER.
SCME CCRAL REEFS.
NEBA FCRMATICON C-35 SHALE, RED, OLITIC, ICENTIFIEC ONLY
HEMATIC. LCCALLY IN THE WATER=-
SHEC.
MAQUUOKETA SHALE §C-265 SHALE» BLUE GRAY TG GRAY, UNCERLIES ENTIRE
DCLOMITIC wITH INTER- WATERSHEE.
BECCEC DCLCMITE LAYERS.
GALENA CCLOMITE CCLOMITE, LIGHT GRAY TO UNCERLIES ENTIRE
DECCRAH FORMATIGN 2CC-305 BLUE SANDY DCLOMITE OR WATERSHKEC.
PLATTEVILLE FORMATION CCLOMITIC SANESTONE AT
BASE.
ORDOVICIAN ST. PETER SANDSTONE $5-2170 SANDSTONE, MEDIUM TQ UNCERLIES ENTIRE
FINE GRAINEC, WHITE WATERSHED.
TC LIGHT GRAY, DC~
LCMITIC.
PRAIRIE DU CHIEN GROUP c-(?) CCLOMITE CHERTY, LIGHT MAY QCCUR LOCALLY IN
GRAY TC WHITE, DENSE, NCRTHWEST CORNER OF
WITH THIN BECS OF SHALE. WATERSHED.
TREMPEALEAU FORMATION 0-55 SANDSTONE, VERY FINE TO
MEDIUM-GRAINED, COLOMITE
LIGHT GRAY, INTERBECCED
WITH STILTSTCNE.
FRANCON IA SANDSTONE C-95 SANDSTCNE, VERY FINE- TC THESE UNITS ARE
VECIUM GRAINEC SILTSTONE RECOGNIZED ONLY
CR DCLCMITE IN LCWER PART. [{WITHIN THE NORTHERN
PART OF THE WATERSHED.
CAMBRIAN GALESVILLE SANDSTONE C-751(+) SANDSTCNE FINE TO MEDIUM
GRAINEC, LIGHT GRAY.
EAU” CLAIRE SANCSTONE C-3901?} SANDSTCNE FINE TC MEDIUNM THESE UNITS ARE
GRAINEC, CCLCMITE, LIGHT PRESENT IN ALL BUT
GRAY. THE WEST-CENTRAL PART
OF THE WATERSHED.
MT. SIMON SANDSTONE C-770{+} SANDSTONE FINE TO COARSE
GRAINED, WHITE OR LIGHT
GRAY.
PRECAMBRIAN UNCIFFERENTIATED {THOUSANDS OF CRYSTALLINE RCCKS IN~- UNCERLIES ENTIRE
FEET} CLUDING GRANITE AND WATERSHEC.
QUARTZITE.

SOURCE- U.S.

GEOLOGICAL SURVEY.

Layered sedimentary rocks overlie the Pre-Cam-
brian rocks and consist primarily of sandstone,

shale, and dolomite.

These rocks were deposited

during the Cambrian, Ordovician, Silurian, and

Devonian geologic time periods,

in seas that

covered much of the present North American
continent.

During early stages of deposition, the Pre-Cam-
brian hill probably was an island in the ancient
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Figure 9

STRATIGRAPHIC CROSS SECTIONS THROUGH THE MILWAUKEE RIVER WATERSHED SHOWING
THE GENERAL AVAILABILITY OF GROUND WATER FROM THE BEDROCK UNITS
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sea, as is suggested by the absence of Cambrian
formations near its summit. Ordovician, Silu-
rian, and probably younger sediments were later
deposited over the entire hill.

Cambrian Rock Units

Cambrian rocks in the watershed are primarily
sandstone but contain some siltstone, dolomite,
and shale. These rocks are thin or absent near the
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buried Pre-Cambrian hill in Washington County.
The lowermost Mount Simon sandstone and the
Eau Claire sandstone are present throughout the
rest of the watershed. The overlying Galesville
and Franconia sandstones are absent in the south-
eastern area, probably because they were eroded
during Ordovician time. The Trempealeau forma-
tion occurs only locally in the northwestern part
of the watershed.



Map |14

GENERALIZED TOPOGRAPHY AND GEOLOGY OF THE BEDROCK
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The surficial deposits of the watershed are underlain by sedimentary rock formations which have
varying water-yielding characteristics. Depth-to-bedrock is an important factor influencing the
physical development of the watershed. It affects the cost of drilling and maintaining those wells
which must penetrate bedrock formations, it affects the cost of constructing transportation and
utility systems and foundations for engineering structures, it affects the susceptibility of certain
ground water supplies to pollution, and it determines the availability of certain construction ma-
terials and suitable space for solid water disposal. Only the glacial deposits and the youngest
sedimentary rocks are exposed in the watershed.

Source: U.S. Geological Survey.
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Cambrian rocks are thickest in the Milwaukee
County area, where the Mount Simon sandstone is
more than 770 feet thick. Northward toward the
Pre-Cambrian hill, the Mount Simon sandstone
thins and is generally less than 120 feet thick.
The Eau Claire sandstone ranges between 140 and
190 feet thick in the north and between 200 and
300 feet thick in the south. The younger Cambrian
formations are present only in the northern part
of the watershed and do not exceed a combined
thickness of 225 feet.

Ordovician Rock Units

Ordovician rocks in the watershed consist of sand-
stone, dolomite, and shale. Dolomitic rocks of
the Prairie du Chien group are generally absent
but may be present locally in the northwestern
area, where they occur as remnants of Ordovician
erosion. Ordovician formations younger than the
Prairie du Chien group are present throughout
the watershed.

The St. Peter sandstone was deposited on an irre-
gular erosion surface that cut deeply into the
underlying Prairie du Chien group and the Cam-
brian formations. As a result the thickness of
the St. Peter sandstone is not uniform., The over-
all thickness is generally greatest in the east
and southeast, where it ranges between 190 and
250 feet, and is least in the north and west, where
it ranges between 95 and 170 feet.

The Platteville formation, Decorah formation, and
Galena dolomite were deposited in succession on
top of the St. Peter sandstone but are not differ-
entiated in the watershed. The combined thick-
ness of these dolomitic units is generally between
220 and 260 feet. Above these is the Maquoketa
shale, which ranges generally between 140 and
200 feet thick in the south and between 230 and
250 feet thick in the north. The Neda formation,
which lies above the Maquoketa shale, is a dis-
tinctive iron-rich red shale that has a maximum
thickness of 35 feet. The Neda formation has been
identified only locally from wells in Fond du Lac
and Ozaukee Counties.

Silurian Rock Units

Silurian rocks consisting of undifferentiated dolo-
mitic strata overlie the Maguoketa shale and the
Neda formation. They form the bedrock beneath
the glacial deposits in most of the watershed. The
Silurian dolomite crops out and is quarried at
several localities within the watershed.
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In Sheboygan County the Silurian dolomite locally
is more than 600 feet thick; southward its thick-
ness ranges between 450 and 550 feet. It thins
toward the western side of the watershed and
may be absent near Slinger in Washington County.
Large local differences in the thickness of the
Silurian dolomite are probably due to preglacial
and glacial erosion.

Devonian Rock Units

Rocks of Devonian age, predominantly dolomite,
overlie the Silurian dolomite in the southeastern
part of the watershed. Devonian rocks are thick-
est along the easternmost edge of this area and
are absent throughout the remainder of the water-
shed. The Lake Church and Thiensville formations
closely resemble the Silurian dolomite, but the
Milwaukee formation is less massive and contains
some shale,

The upper bedrock surface, consisting of Silurian
and Devonian rocks covering over 99 percent
of the watershed, was shaped by preglacial ero-
sion. The major preglacial topographic feature is
a valley that trends southwest from northeastern
Washington County toward the Village of Slinger.
A shallow saddle in Washington County separates
this buried valley from a similar valley that
trends northeast toward the Village of Cascade in
Sheboygan County. A few deep preglacial valleys
which drained to Lake Michigan are also present
in the Milwaukee and Ozaukee County area.

Pleistocene and Recent Deposits

Unconsolidated deposits of boulders, gravel, sand,
silt, and clay overlie the sedimentary rocks.
These were deposited during the Pleistocene age
by continental glaciers that covered the Region
intermittently between 1 million and possibly as
recently as 5,000 years ago. These deposits
can be classified according to their origin into
stratified drift and till. Stratified drift consists
primarily of sand and gravel that was sorted
and deposited as outwash by glacial melt water.
A small area of glacial lakebeds, consisting of
clay, silt, and sand, occurs near West Bend and
grades north into outwash. Till, a mixture of clay,
silt, sand, gravel, and boulders, was deposited
from ice without the sorting action of water.

End-moraine and ground-moraine deposits are
composed mainly of till but may locally contain
stratified drift. Clayey till is predominant in the
eastern one-third and the northwestern corner of
the watershed, but sandy tills are present in the
rest of the area.



The Kettle Moraine is a complex moraine that
formed between two glacial ice lobes—the Green
Bay and the Lake Michigan lobes—and it consists
of intermixed stratified drift and till deposits. The
layering in many of the exposed stratified drift
deposits in this moraine is folded and faulted and
shows evidence of collapse as the supporting ice

melted. Map 15 shows the approximate areal dis-
tribution of the glacial deposits in the watershed.

Table 11 summarizes the water-yielding charac-
teristics of the unconsolidated deposits of Pleis-
tocene and recent ages in the Milwaukee River
watershed.

TABLE 11

LITHOLOGY AND WATER-YIELDING CHARACTERISTICS OF THE UNCONSOLIDATED
DEPOSITS OF PLEISTOCENE AND RECENT AGES IN THE MILWAUKEE RIVER WATERSHED

UNIT GENERAL DESCRIPTION

WATER-YIELDING CHARACTERISTICS

ORGANIC DEPOSITS PEAT AND MUCK

GLACIAL LAKE
DEPOSITS {(LACUSTRINE)
AND STREAM ALLUVIUM

STRATIFIED

OUTWASH
STRATIFIED

ICE-CONTACT DEPOSITS

TO SORTED

GLACIAL TILL

CLAY, SILT, SAND, AND MARL. SORTED AND

MOSTLY SAND AND GRAVEL. SORTED AND

CLAY, SILT, SAND, GRAVEL, AND BOULDERS.
UNSTRATIFIED TO STRATIFIED AND UNSCRTED

CONSISTING OF CLAY, SILT, SAND., GRAVEL,
AND BOULDERS. UNSORTED ANO UNSTRATIFIED

LOESS SILT WITH SOME CLAY AND A LITTLE SAND.
UNSTRATIFIED. BLANKETS GLACIAL DEPOSITS.

GENERALLY SATURATED. NOT USED AS A SOURCE
OF WATER FOR WELLS. PITS ARE SOMETIMES
DUG TO EXPOSE GROUNC WATER FOR USE IN
IRRIGATION.

SAND MAY YIELD SMALL QUANTITIES OF WATER.

YIELD SMALL TG LARGE QUANTITIES OF WATER.
DEPCSITS ADJACENT TG PERENNIAL STREAMS ARE
MOST FAVORABLE FOR OBTAINING LARGE YIELDS.

YIELD SMALL QUANTITIES OF WATER. THICK
SECTIONS OF SAND ANC GRAVEL IN BURIED
VALLEYS MAY YIELD MOCERATE TO LARGE QUAN-
TITIES OF WATER.

PERMEABILITY LOW TO VERY LOW. ISOLATED
LENSES OF SAND AND GRAVEL MAY YJIELD SMALL
QUANTITIES OF WATER TO WELLS.

GENERALLY UNSATURATED. DOES NOT YIELD
WATER TO WELLS.

SCURCE- U.S. GEOLOGICAL SURVEY.

SOILS

The nature of soils within the watershed has been
determined primarily by the interaction of the
Pleistocene and recent deposits, topography, cli-
mate, plants, animals, and time. Within each
soil profile, the effects of these soil-forming fac-
tors are reflected in the transformation of soil
material in place; chemical removal of soil com-
ponents by leaching or physical removal of ero-
sion; additions by chemical precipitation or by
physical deposition; and transfer of some soil
components from one part of the soil profile to
another. There are literally hundreds of soil
types that have been developed within the water-
shed from a variety of parent glacial or glacial-
related material, and these represent an exceed-
ingly complex soil pattern.

In order to assess the significance of the diverse
soil types to sound regional development, the
SEWRPC in 1963 negotiated a cooperative agree-

ment with the U. S. Soil Conservation Service
for the completion of a detailed operational soil
survey of the entire Region. This soil survey has
now been completed for the entire Region, and the
results have been published in SEWRPC Planning
Report No. 8, Soils of Southeastern Wisconsin.
The regional soil survey has not only resulted in
the mapping of the soils within the Region in great
detail and in the provision of data on the physical,
chemical, and biological properties of the soils
but also in the provision of interpretations of the
soil properties for engineering, agricultural, con-
servation, and planning purposes.

Particularly important to comprehensive water-
shed planning are the soil suitability interpreta-
tions 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 ser-
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Map 15

GENERALIZED GLACIAL GEOLOGY
OF THE MILWAUKEE RIVER WATERSHED

& 124
I i
&
H—E—
CO {‘J {
e =)
s
Il -
\ 0 ,f".“ =]
\ s I "}’: )
AETIG BGALE [} = [ \'
PR S T S S T o g s St s A, R
% wooo  jeese  pasos 23000 FEET ]’ {:‘--I‘ 1 g
1 TR
'J":\' r“r \‘I ; PORT 2]
| | | 7 0]
e I / ; XL oXN e
LEGEND ) _ N ko
UNDIFFERENTIATED INTERLOBATE MORAINE A\ ’) ‘ g \
(TILL AND STRATIFIED DRIFT) o N | Tk
: i iy
STRATIFIED DRIFT R\i: Z =
GLACIAL LAKE BEDS (CLAY AND SILT) ‘ d
e
- OUTWASH (SAND AND GRAVEL) ‘ »
GROUND MORAINE (TILL)
- GREEN BAY GLACIER
‘ LAKE MICHIGAN GLACIER 2
END MORAINE (TILL) ﬁﬁ s ® \m ® J g
GREEN BAY GLACIER o " | \ O e -?""\'TJ‘T’-’L 5
i o) /e A =
- LAKE MICHIGAN GLACIER = (\-}/ S
| cofl N X
T © O \Bfysioe
il y ]
§ X
h | .
o) ~
2 T whirerisn
The topography of the watershed has been determined primarily by unconsolidated materials Qe- [z S
posited by glaciers which covered the watershed some 5,000 to 6,000 years ago. The Kettle Moraine S\
area, a product of this glaciation, is the outstanding topographic feature of the Milwaukee River ;? o I e,
watershed. It is a complex moraine that was formed between two glacial ice lobes - the Green S e |
Bay and the Lake Michigan lobes - and it consists of intermixed stratified drift and till deposits. ;:i = ,-33\“1 i
This map shows the approximate areal distribution of the glacial deposits in the watershed. e A = ‘;@
pay 154
Source: U.S. Geological Survey; Geology after Alden, 1918; Black, 1969; R "r)éiw o ,) ;%

and Thwaites, 1956-1957.

56



vice on lots one acre or larger in size. Approxi-
mately 205 square miles, or about 30 percent of
the watershed, are covered by soils which have
severe or very severe limitations for residential
development, even when such development is pro-
vided with public sanitary sewer service or, more
precisely, are poorly suited for residential devel-
opment of any kind. The distribution of these soils
is shown on Map 16. Approximately 386 square
miles, or about 56 percent of the watershed, are
covered by soils which have severe or very severe
limitations for residential development without
public sanitary sewer service on lots smaller than
one acre in size. The distribution of these soils
is shown on Map 17. Approximately 319 square
miles, or about 46 percent of the watershed, are
covered by soils which have severe or very severe
limitations for residential development without
public sanitary sewer service on lots one acre or
larger in size. The distribution of these soils is
shown on Map 18.

It should be noted that the use suitability ratings
are empirical, being based upon the performance
of similar soils elsewhere for the specified uses,
as well as upon such physically observed condi-
tions as high water table, slow permeability, high
shrink-swell potential, low bearing capabilities,
frost heave, and frequent flood overflow.

Soils are an important factor in the determina-
tion and delineation of prime agricultural lands.
Approximately 83 square miles, or about 12 per-
cent of the watershed, are designated as prime
agricultural lands (see Map 19). It is important to
note that, in addition to soil characteristics,
these prime agricultural areas are based upon
the size and extent of the area farmed; the his-
toric capability of the area to consistently produce
better than average crop yields; and the relation-
ship of such lands to important high-value rec-
reational, cultural, or scientific resource areas.

VEGETATION

Presettlement Vegetation

According to the records of the U. S. Public Land
Survey carried out within the Region in 1836, the
Milwaukee River watershed originally was almost
completely timbered with adense hardwood forest.
Exceptions to this cover consisted of wetlands and
of small areas of oak savanna and white pine
forest and of prairie. The upland timber consisted
primarily of the hardwood species—sugar maple,
oaks, elms, ashes, hickories, beech, linden, wal-

nut, and ironwood—and one coniferous species—
white pine. The first surveyors found three
Indian sugar camps located in one section alone,
Section 10, Town 11 North, Range 21 East (Town
of Saukville, Ozaukee County). The hardwood
stands were part of the primeval sugar maple
forest which attracted the early settlers, particu-
larly those from Germany and the Scandinavian
countries. These settlers were not only aware
that the sugar maples were an excellent source of
fuel, raw material for cabinet and furniture con-
struction, and sugar but also an indicator of good
soil as well. Some beautiful stands of white pine
also were established. Cutting began in these
stands as early as 1834 in order to provide
lumber for the developing nation. In 40 years
most of the stands had been depleted. In the wet-
lands not only were good cedar and tamarack
available but also good quality elm and black ash,
the latter being a particularly good source of wood
for fence rails.

Examples of this presettlement vegetation are
preserved in four scientific areas within the
watershed. Spruce Lake Bog in Fond du Lac
County and Cedarburg Bog in Ozaukee County
are representative of the lowland conifer forest.
Cedarburg Beech Woods in Ozaukee County and
Haskell Noyes Memorial Forest in Fond du Lac
County represent the upland hardwood types. No
remaining prairie or savannas are known to exist
in the watershed.

Woodlands

Woodlands in the Milwaukee River watershed
presently cover a total combined area of 70,885
acres, or approximately 16 percent of the water-
shed area. Located primarily on morainal hills
and slopes, along streams and lakeshores, and in
wetlands, these woodlands provide an attractive
natural resource of immeasurable value. Not only
is the beauty of the lakes, streams, and glacial
topography of the watershed accentuated by the
woodlands, but these woodlands are essential to
the maintenance of the overall environmental
quality of the watershed.

Classified in accordance with their primary val-
ues, woodlands fall into two specific groups:
aesthetic and commercial. Aesthetic woodlands
comprise 96 percent; and commercial woodlands,
the remaining 4 percent of the existing woodlands.
Of the aesthetic group, 76 percent have a high-
value rating and 24 percent a medium-value rating
(see Map 20).
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Map 16

SOIL SUITABILITY
RIVER WATERSHED RESIDENTIAL DEVELOPMENT

WITH PUBLIC SANITARY SEWER SERVICE 1967
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A recognition of the limitations inherent in the soil resource base is essential to the sound urban
and rural development of the watershed. Approximately 205 square miles, or 30 percent of the
watershed area, are covered by soils which are poorly suited for residential development of any
kind. These soils, which include wet soils having a high water table or poor drainage, organic
soils which are poorly drained and provide poor foundation support, and soils which have a flood
hazard, are especially prevelent in the riverine and wetland areas of the watershed.

Source: SEWRPC.
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Map |7

SOIL SUITABILITY INTERPRETATION MAP FOR THE MILWAUKEE
RIVER WATERSHED SMALL LOT RESIDENTIAL DEVELOPMENT
WITHOUT PUBLIC SANITARY SEWER SERVICE 1967
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Approximately 386 square miles, or 56 percent of the watershed area, are covered by soils poor-
ly suited for residential development on lots having an area smaller than one acre and not served 3-1
by public sanitary sewerage facilities. Reliance on private on-site soil absorption (septic tank) £
sewage disposal systems in these areas, which are covered by relatively impervious soils or are 3
subject to seasonally high water tables, can only result in eventual malfunctiening of such systems fc“
and the consequent intensification of water pollution and public health problems in the watershed.
(WEST

Source: SEWRPC.
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Map 18

SOIL SUITABILITY INTERPRETATION MAP FOR THE MILWAUKEE
RIVER WATERSHED LARGE LOT RESIDENTIAL DEVELOPMENT
WITHOUT PUBLIC SANITARY SEWER SERVICE 967
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Approximately 319 square miles, or 46 percent of the watershed area, 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 for septic tank sewage disposal sys-
tems cannot always be overcome by the provision of larger lots, since many soil types simply
cannot absorb the sewage effluent, resulting in surface ponding and runoff of partially treated
wastes into nearby watercourses.

Source: SEWRPC.,
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Map 19

PRIME AGRICULTURAL AREAS
IN THE MILWAUKEE RIVER WATERSHED
1967

bz \

Approximately 83 square miles, or about 12 percent of the water-
shed area, have been identified in the watershed study as prime
agricultural lands. In addition to being covered by highly fertile
soils, these prime agricultural areas are held in farms of suf-
ficient size to be economically viable units and have consistently
produced better than average crop vyields. The preservation of
these prime agricultural areas in agricultural use will, in addition
to providing food and fibre, contribute significantly to maintain-
ing the ecological balance between plants and animals; provide
locations proximal to urban centers for the production of certain
food commodities which may require nearby population concentra-
tions for an efficient production-distribution relationship; and pro-
vide open spaces which give form and structure to urban develop-
ment.

Source: SEWRPC.

Principally because of location, aesthetic wood-
lands have their highest potential in a combination
of multiple-use values which include recreation,
scenic and property value enhancement, watershed
protection, wildlife production, and only inciden-
tally the production of forest products. Their land
values, chiefly because of nearness to population
centers, along lakes and streams, and within envi-
ronmental corridors, are considered too high to
use primarily for commercial lumbering purposes.
Commercial woodlands, on the other hand, have
their highest potential value presently directed
toward the production of forest products. Scenic,

wildlife, and watershed protection values are
of secondary importance. Through good manage-
ment, commercial woodlands can produce a con-
tinuous crop of forest products. Through the
application of balanced-use and sustained-yield
management, woodlands, whether commercial or
aesthetic, can serve a combination of productive
uses simultaneously and continuously.

The woodlands of the watershed can be classi-
fied into five forest types: 1) central hardwoods,
2) northern hardwoods, 3) oak, 4) upland conifers,
and 5) wetland conifer-hardwoods. The central
hardwoods type is most common, with the north-
ern hardwoods type the next most common. Of
the natural stands, the most productive for com-
mercial forest products, when managed, are the
central and northern hardwoods types. It is of
special interest that the tamarack, which has
gradually regressed over the centuries from the
upland areas to the wetlands, is today the only tree
species growing naturally on the watershed which
survived from the original forest cover that was
established as the last glacier slowly retreated.

The existing woodlands are only poorly-to-mod-
erately well stocked for commercial use, due
principally to the lack of good management. The
unmanaged stands have had the more valuable
tree species and better grades of timber removed;
thus, principally low-value species and poor
grades remain.

Forest plantations, classified as upland conifers
forest type, comprise 4,977 acres, or 7.0 per-
cent of the woodland cover. Of this amount,
3,841 acres were planted by the Wisconsin Depart-
ment of Natural Resources on the Kettle Moraine
State Forest and 1,136 acres, by individuals on
privately owned lands. During the past 10 years,
approximately 250 acres of conifers have been
planted within the watershed each year. Planta-
tions consist principally of white and red pine and
white and Norway spruce, trees that add greenery
to the countryside during the winter when decidu-
ous species have no foliage. Plantations on the
Kettle Moraine State Forest also include a few
other species, such as white cedar, black spruce,
jack pine, white ash, and sugar maple. Trees
within a given plantation normally are the same
age and generally are planted with tree-planting
machines on open land. Tree survival has been
extraordinary; and, as a consequence, thinning in
the older plantations is urgently needed.

Natural stands of trees within the watershed con-
sist largely of even-aged mature, or nearly
mature specimens, with insufficient reproduction
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Map 20

WOODL ANDS
IN THE MILWAUKEE RIVER WATERSHED
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71,000 acres, or approximately 16 percent of the total watershed area. These woodlands assist
in maintaining a unique natural relationship between plants and animals; reduce storm water
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runoff; contribute to atmospheric oxygen and water supply; aid in reducing soil erosion and stream
sedimentation; provide the resource base for the forest product industries; and provide valuable
recreational opportunities, as well as a desirable aesthetic setting for attractive rural and planned
urban development. Woodlands within the watershed are presently being lost at the rate of approxi-
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mately 400 acres per year, and less than 60 percent of the original woodland cover of the water-
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Source: Wisconsin Department of Natural Resources.
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and saplings to maintain the stands when the old
trees are harvested or die of disease or age. This
lack of young growth is an unnatural condition
brought about by mismanagement and associated
with many years of excessive grazing by livestock.

Woodlands within the watershed are presently
being lost at the rate of approximately 400 acres
per year, These losses are due to land clear-
ing, highway construction, drainage of wetlands,
and degeneration and neglect. These forces of
destruction will rapidly and appreciably reduce
the woodland acreage unless corrective measures
are taken, Moreover, the present rate of loss
may be expected to accelerate rapidly in the fore-
seeable future unless management, balanced use,
and sustained yield management are applied. The
changes in woodland area within the watershed
since 1900 are shown in Table 12.

TABLE 12

WOODLAND AREAS IN THE MILWAUKEE RIVER
WATERSHED FOR THE YEARS 1900, 1939,
1958, AND 1967

CONIFERQUS DECIDUBUS TOTAL WOODLANDS

PERCENT PERCENT PERCENT
OF TOTAL OF TOTAL OF TOTAL

YEAR ACRES WOOOLANDS ACRES WOODLANDS ACRES WATERSHED

1900(C) | 54051 4 114,843 96 119,894 27
1939 5270 5 965862 95 102,132 23

1958 8,393 10 71,536 90 79,929 18

1967 8,598 12 62,287 88 70,885 16

SOURCE- WISCONSIN DEPARTMENT OF NATURAL RESOURCES.

An estimated 45 percent of the privately owned
upland forest land is being grazed by livestock.
Reproduction of the most desirable hardwood
species is prevented by grazing which destroys
the young growth needed to sustain the stands
through browsing and trampling., With no young
growth in the stand, a woodland cannot perpetu-
ate itself.

Woodlands in the Milwaukee River watershed,
even in their present condition, have many values
beyond monetary returns for their forest pro-
ducts. Under balanced and sustained yield man-
agement, woodlands can provide a variety of
benefits compatible with other uses. Conversely,
the deforestation of hillsides contributes to the
siltation of lakes and streams and the destruction
of wildlife habitat. Woodlands can and should be
maintained for scenic, wildlife, open-space, rec-
reation, and watershed protection, as well as for
forest product values.

No direct correlation exists between the vari-
ous values associated with woodlands. A poorly
stocked woodland may have a low value for com-
merical wood production, but at the same time
may have superlative scenic value if located so as
to enhance the beauty of a lake, stream, or hill-
side. Strategic location, accessibility, and heavy
ground cover are factors which contribute to the
aesthetic value rating of a woodland.

An increasing demand for woodland areas has
arisen within the watershed, especially for such
areas located on ridge tops and slopes, by persons
who wish to leave urban and suburban centers and
live closer to nature., Real estate interests also
have acquired scenic woodland areas for develop-
ment, and this trend is expected to accelerate.
Untold damage to the wooded areas has resulted
where developers have subdivided woodlands into
small lots and removed trees to develop the sub-
divisions. If any trees remained, moreover, they
usually were seriously weakened through loss of
a large portion of their root systems. Woodlands
may be substantially preserved during land sub-
division if lots are made one acre or larger in
size and if careful attention is paid to construc-
tion practices, as well as to subdivision layout
and design.

Whether the land values placed on forest land in
the watershed are always economically sound or
not, they do command respect in the current
respect in the current marketplace. A large and
increasing proportion of people in our affluent
society, for various tangible or intangible rea-
sons, are eager to own forested land. These
reasons include privacy, bird watching, hunting,
growing trees as a hobby, as well as a business
venture, or merely for aesthetic appreciation.

It is becoming more apparent that the interaction
between man and his environment is intensifying
and becoming critical. The quality of life within
an area is greatly influenced by the overall quality
of the environment, as measured in terms of clean
air, clean water, scenic beauty, and diversity. In
addition to contributing to clean air and water, the
maintenance of woodlands within the watershed
can contribute to the maintenance of a diversity
of plant and animal life in association with human
life. The existing woodlands of the watershed,
which required a century or more to develop,
can be destroyed through mismanagement within
a comparatively short period of time. A new
dimension in forest management is needed to
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retain the woodlands of the Milwaukee River
watershed as an essential element of the natural
resource base.

Wetlands

Wetlands are defined as areas where the ground
water table is at, or very near, the surface and
may represent a variety of stages in the natural
filling of lake and pond basins, as well as flood-
plain areas., Wetlands are generally unsuited
for most agricultural uses requiring cultivation.
Wetlands are composed of organic soils, silts,
and marl deposits. Included in the composition
of wetlands are numerous types of terrestrial
and emergent aquatic vegetation, the dominant
plant species of which help to further classify
these areas.

Wetlands within the Milwaukee River watershed
have been classified by the Wisconsin Department
of Natural Resources according to a National Wet-
land Classification System.? There are seven
major classes of wetlands under this system:
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 support upland game due to the protection
afforded by the vegetative cover. Shallow water
wetlands are subject to winter freeze and summer
drought and, therefore, are considered to be lower
in value than the deepwater types of wetlands.

An inventory of all wetland areas 50 acres or
more in size, termed wetland units, was made as
a part of the Milwaukee River watershed study.
Smaller areas were inventoried if they were con-
sidered to have a particularly high recreational or
wildlife habitat value. Small, noncontiguous wet-
land areas were also inventoried if such areas
enhanced a lake, stream, or other nearby recrea-
tional area. In all, 199 wetland units were identi-
fied in the Milwaukee River watershed, as shown
on Map 21. These wetland units comprise a total
of 39,652 acres.® The drier types of wetlands

2Classification of Wetlands of the United States, Special
Scientific Report: Wildlife No. 20, Fish and Wildlife Ser-
vice, 1953.

31t is important to note that an additional 29,416 acres of
minor wetlands (areas less than 50 acres in size) were in-
ventoried by the SEWRPC in the watershed land use inven-
tory. Thus, the total amount of wetlands in the Milwaukee
River watershed, including both the significant wetland units
and the minor wetlands, is 69,068 acres.

64

greatly predominated over the wetter types, total-
ing about 90 percent of the total wetland area.
This category includes meadows, shrub swamps,
and timber swamps, while the wet types include
the shallow and deep marshes, potholes, and bogs.

Wetlands within the watershed are presently being
lost at the rate of about 200 acres per year. Most
of the loss in wetland area has been the result of
conversion to agricultural uses through extensive
drainage ditching. Other reclaimed areas have
been developed for urban and recreational uses.
In recent years, however, there has been a slight
increase of the more desirable open-water wet-
land areas, brought about by public acquisition and
improved management of these valuable nafural
resource areas. The changes in wetland area
within the watershed since 1900 are shown in
Table 13.

TABLE 13

WETLAND AREA WITHIN THE MILWAUKEE
RIVER WATERSHEDZ 1900, 1939, 1958,
AND 1967

SHALLOW

OPEN
YEAR WATER WETLANDS WETLANDSP TOTAL WETLANDS

PERCENT PERCENTY PERCENT
CF TOTAL OF TOTAL OF TOTAL
ACRES | wETLANDS ACRES | WETLANDS ACRES" . WATERSHED

15C0 - - - -
1939 - -- - - 46,000(EST) | LO.S(EST)
1958 - -- - - 42,000(EST)| 9.5(EST)
1967 3,972 10.C 35,680 90.0 36,652¢ 8.93

8C,000(€EST)| 18.0(EST)

EXCLUCING MILWAUKEE COUNTY.

SWATER TABLE GENERALLY BELOW GROUND LEVEL.

CINCLUCES ONLY THOSE SIGNIFICANT WETLAND AREAS OCCURRING IN UNITS
CF SO ACRES MORE. AN ACDITIONAL 29,416 ACRES OF MINOR WETLANDS
WERE ICENTIFIED IN THE WATERSHED LAND USE INVENTORY.

SCURCE- WISCONSIN CEPARTMENT OF NATURAL RESCURCES AND SEWRPC.

Adquatic Vegetation

An aquatic plant survey involving the 21 major
lakes of the Milwaukee River watershed was con-
ducted during the summer of 1968. Of the lakes
surveyed, six were resurveyed in late summer to
determine if seasonal change in the aguatic plant
communities was apparent. The lakes which were
resurveyed included: Ellen, Green, Long, Mauthe,
Random, and Seven. The primary purpose of the
aquatic plant survey was to determine the dis-
tribution and abundance of aquatic plants, to iden-
tify some of the factors affecting distribution and
abundance, and to establish a record of the present
status of aquatic plants for future reference.

Plants representing 26 families were encoun-
tered; and within these, 39 genera and 45 species
were identified. Pondweed (Potamogeton), bulrush
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Nearly 70,000 acres, or approximately 15 percent of the total watershed area, are covered by e
wetlands, including about 40,000 acres of significant wetland units and 30,000 acres of minor
wetland units. These wetlands constitute a valuable recreational resource, support a wide variety
of desirable forms of plant and animal life, and assist in reducing storm water runoff and stabili-

zing streamflows. Wetlands within the watershed are presently being lost at the rate of about 200
acres per year, and less than 50 percent of the original significant wetland area of the water-
shed remains.

Source: Wisconsin Department of Natural Resources.
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(Scirpus), and white water lily (Nymphaea), found
in all the lakes, were the most widely distributed
genera of aquatic plants. Cattail (Typha) was
observed in 96 percent of the lakes. Other widely
distributed genera included musk grass (Chara),
water milfoil (Myriophyllum), and spatterdock
(Nuphar). A complete list of the aquatic plants
found in the 21 lakes of the watershed and their
relative abundance on a percentage basis is set
forth in Table 116.

Long Lake in Foad du Lac County contained the
greatest diversity of plants encountered, with
34 species observed. Big Cedar Lake, the largest
lake surveyed, contained 30 species. In both lakes
the submergent aquatics were in greatest abun-
dance. Lake Twelve contained the lowest number
of species, with only 16 species observed. Gilbert
Lake, part of the Big Cedar Lake complex, had
the largest population of floating aquatics, most of
which were white water lilies,

Most of the lakes displayed moderate-to-abun-
dant vegetation in areas from the shore zone to
depths as great as 20 feet., In general, situa-
tions of extensive shallows, clear water, and
muck bottoms supported the highest densities of
aquatic vegetation. Situations of limited shallow
areas, either turbid or tea-colored water, and
marl, sand, gravel, or suspended ooze bottoms,
supported lower densities of aquatic vegetation.
Lakes varied in abundance of aquatic vegetation
from Ellen Lake, with a relatively low abundance,
to Crooked Lake, which displayed a profusion of
aquatic vegetation.

Seasonal changes of abundance and dominance
were brought to light by the resurvey of the six
earliest surveyed lakes. An average of 58 days
passed between the initial survey and the resur-
vey. This span of time showed the change in
dominance of narrow leaf pondweed (Potamogeton)
to bushy pondweed (Najas). This change was very
obvious in Seven Lake, Mauthe Lake, and Long
Lake. Eelgrass (Vallisneria), found to be very
abundant in Green Lake and Mauthe Lake, was
hardly noticed during the first survey. Changes
in the emergent population were very difficult to
determine. As the season progressed, however,
various species wh