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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 a re  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 
Milwaukee 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, 

~ e o r ~ ;  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 i ts  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 agricultur a1 and indus- 
trial productivity, income levels, and leisure 
time; generation of mass recreational needs and 
pursuits ; increasingly intensive use and consump- 
tion of natur a1 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, a s  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 THE REGIONAL PLANNING CONCEPT IN 
form from all levels and agencies of government SOUTHEASTERN WISCONSIN 
for the purpose of accomplishing i ts  objectives 
and is authorized to deal directly with the state Regional planning, a s  conceived by the Commis- 
and federal governments for this purpose. The sion, is not a substitute for, but a supplement to, 
Commission, i ts  committee structure, and i ts  local, state, and federal planning efforts. Its 
staff organization, together with i ts  relationship objective is to aid the various levels and units of 
to the constituent counties, are  shown in Figure 1. 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 i s ,  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 total 
area of the State of Wisconsin. About 40 percent 
of the state population, however, resides within 
these seven counties, which contain three of the 
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 i t  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 o r  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 res t  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. 
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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 i t s  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, a s  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 i ts  sanitary sewer service 
areas to conform to the watershed plan recom- 
mendations and has indicated i t s  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 portion 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 f irst  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 i ts  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 i t  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). 



THE LAKE MICHIGAN ESTUARY AS FORMED BY THE 
CONFLUENCE OF THE MILWAUKEE, MENOMONEE, AND KlNNlCKlNNlC 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 Kinnickimic 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 Kinnickimic 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 a re  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 increasing 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 f irst  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 i ts  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, a s  well a s  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, i t  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, 22.7 9 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. 





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 i ts  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 i ts  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. S. 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. S. 
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-related 
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- 



ment, and land use. Alster & Associates, h c . ,  
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 

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 I1 

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, a s  defined 
herein, however, is a relatively new concept. 
Consequently, at the time that the Commission 
undertook i ts  f irst  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 are as defined by governmental jurisdic- 
tions, economic linkages, or  watershed bound- 
aries. None of these are perfect a s  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 o r  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 poll tion 
loadings to be accommodated by water con '1 rol  
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 



residents of the watershed; and citizen action RELATIONSHIP OF  WATERSHED TO REGION 
groups can readily be formed to assist in solving 
water-related problems. Although recognizing the importance of the water- 

shed as  a rational planning unit within the Region, 

It may be concluded, therefore, that the watershed the SEWRPC planning program also recognizes 

is a logical areal unit to be selected for resources the necessity to conduct individual watershed 

planning purposes, provided that the relationships planning programs within the broader framework 

existing between the watershed and the sur- of areawide, comprehensive regional planning. 
This is essential for two reasons. First,  area- rounding region are recognized. Accordingly, the 

SEWRPC regional planning program embodies a wide urbanization indiscriminately crosses water- 

recognition of the need to consider watersheds shed boundaries and exerts an overwhelming 

within the Region as  rational planning units in external influence on the physical development of 

rapidly urbanizing areas if workable solutions are the affected watershed. Second, the meandering 

to be found to intensifying interrelated land and pattern of natural watershed boundaries rarely, 

water use problems. if ever, coincides with the artificial, generally 
rectangular boundaries of minor civil divisions - 

and special-purpose districts. 
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 
o r  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 i ts  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, a s  well a s  all related water resource 
problems, are of major importance in the proper 
development of watershed resources. 

Important elements of the necessary areawide 
planning program have been provided by the 
regional land use-transportation study completed 
earl ier  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 f o r  
water-related community facilities. While the 
proposed watershed plans may be centered on 
water quality and flood control facilities, i t  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, 
a s  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 i ts  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- 



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 rura l  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-end1' 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 a re  to be realized. 

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 i ts  major component operations, is 
diagrammed in Figure 4 and described briefly 
below. 

Study Design 
Every planning program must embrace a formal 
structure o r  study design s o  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 Obiectives and Standards 
In its most basic sense, planning is a rational 
process for establishing and meeting objectives. 
The formulation of objectives i s ,  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 i ts  component parts and, 
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more particularly, because i t  i s  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 a re  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 a re  absolutely 
essential to the formulation of workable develop- 
ment plans. Consequently, inventory becomes the 
f irst  operational step in any planning process, 
growing out of the study design. The crucial 
nature of factual information in the planning proc- 
e s s  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 

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 a re  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 i t  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 
year1' is usually established by the expected life of 
the f irst  facilities to be constructed in implemen- 
tation of the plan. Although i t  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 m e  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 o r  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 I11 

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 i ts  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 
i s  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 
f i rs t  section places the watershed into proper 
perspective a s  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, a s  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 i t s  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 i s  shown 
on Map 44. 
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T A B L E  1 

AREAL EXTENT OF C O U N T I E S  AND C I V I L  D I V I S I O N S  I N  
T H E  MILWAUKEE R I V E R  WATERSHED- JANUARY i r  1967  

DODGE COUNTY ........ 
TOWNS 

L O M I K A  .......... 
FONO OU LAC COUNTY .. 

V I L L A G E S  
CAMPBELLSPORT ... 
EDEN ............ 

TOWNS 
ASHFORO ......... 
AUBURN .......... 
BYRON ........... ............ EDEN 
FOREST .......... 
OSCEOLA ......... 

PERCENT OF 
WATERSHED 

AREA W I T H I N  
COUNTY AN0 

C I V I L  O I V I S l O N  

MILWAUKEE COUNTY .... 
C I T I E S  

GLENDALE ........ 
MILWAUKEE ....... 

V I L L A G E S  
B A Y S I D E  ......... 
BROWN DEER ...... 
FOX P O I N T  ....... 
R I V E R  H I L L S  ..... 
SHOREWOOD ....... 
W H I T E F I S H  BAY ... 

P E K C t N T  OF 
COUNTY AND C I V I L  

D I V I S I O N  A R t A  
W I T H I N  k A T E R S H E 0  

O Z A U K E t  COUNTY ...... 
C I T I E S  

CEDARBURL ....... 
MEQUON .......... 

V I L L A G E S  
FREOONIA ........ 
GRAFTON ......... 
S A U K V I L L E  ....... 

COUNTY AND 
C I V I L  D I V I S I O N  

AREA INCLUDED 
W I T H I N  WATERSHED 

I S U U A R t  M I L E S )  
COUNTY OR 

C I V I L  D I V I S I O N  

T H I E N S V I L L E  ..... 
TOWNS 

CEDARBUKG ....... 

TOTAL COUNTY 
AND C I V I L  

D l V l S I O N  AREA 
(SQUARE M I L E S )  

FREDONIA ........ 
GRAFTON ......... 
PORT WASHINGTON . 
S A U K V I L L E  ....... 

SHEBOYGIN COUNTY .... 
V I L L A G E S  

AOELL ........... 
C A S C A D t  .......a. 
RANDOM L A K E  ...a. 

TOWNS 
GREENBUSH ....... 
LYNDON .......... 
M I T C H E L L  ........ 
SCOTT ........... ......... SHERMAN 

WASHINGTON COUNTY ... 
C I T I E S  

WEST BEND ....... 
V I L L A G E S  

GERMANTUWN ...... 
JACKSON ......... 
KEWASKUM ........ 

TOWNS 
A D D I S O N  ......... 
BARTON .......... 
FAHMINGTON ...... 
GERMANTOWN ...... 
JACKSON ......... 
KEWASKUM ........ 
POLK ............ 
R I C H F I E L D  ....... 36.34 
TRENTON ......... 35.73 
WAYNE ........... 35.77 
WEST BEND .a*.... 2 2 - 9 3  

T O T A L  C 
' T H I S  F I G U R E  REPRESENTS THE TOTAL AREA OF THE WATERSHEO AS D E T E R M I N E 0  BY MAP O E L I N E A T I U r 4  

AND MEASUREMENT . E X I S T I Y L  L A N U  USE DATA AS USED THROUGHOUT T H I S  REPORT HAVE B E t N  OETER- 
M I N E D  THROUGH A P P R O X I M A T I N G  T H t  WATERSHEO BOUNDARY B Y  0 . S . P U R L I C  LAND S U R V t Y  UUARTER 
S E C T I O N  AND SUMMINL THE Q U A R T t R  S E C T I D N  TOTALS . THE ACTUAL MEASURED WATERSHEO TOTAL 1 5  
6 9 3 . 8 3  SQUARE ' ~ I L E S I  OR 4 4 4 . 0 5 1  ACRES . THE APPROXIMATED WATERSHEO TOTAL I S  6 9 5 . 2 4  SPUAKE 
M I L E S *  OR 444 .  9 5 1  ACRES I S E E  T A B L E  7 1 . 

SOURCE- SEWKPC . 



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 a re  shown on Map 3. 

There a re  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, Shebo ygan 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 a re  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- 

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 i s  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 a s  
the demand for various kinds of transportation, 
utility, and community facilities and services. 
The size and characteristics of the population of 
an area a re  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 i s  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 a s  
a whole during this same decade. Since 1960, 
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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 i s ,  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 

watershed i s  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 
W ITED STATES 1900 - 1967 

V E H  

spatial distribution of the population within the Source: U.S. Bureau of the Census and SEWRPC. 

TABLE 2 

POPULATION S I Z E  OF THE MILWAUKEE R I V E R  WATERSHED, THE REGION, 
WISCONSIN ,  AND THE U N I T E D  STATES- 19CO-1970 

RESIDENT 
PERCENT POPULATION PERCENT PERCENT PERCENT PERCENT 

RESIDENT INCREASt INCREASE INCREASE INCREASE POPULATION INCREASE YATERSHEO POPULATION 1 P0PU:YlON 1 OVER 1 &4;4;ED 1 OVER PDPUL&TION OVER 1 P0PU::TION 1 0VkR 1 uN:!EO 1 OVER 1 WITHIN THE REGION AS 1 
PRECEDING PRECEDING PRECEDING PRECEDING PRECEDING A PERCENT OF THE 

YEAR WATERSHED DECADE REGION DECADE REGION DECADE WISCONSIN DECADE STATES DECADE REGIONAL POPULATION 

1 9 0 0  165.580 -- 125.560 -- 501.808 -- 2,069,042 -- 75,994,575 
1910  208.280 26 199,030 2 8 631.161 2 6  2,333,860 1 3  91,972,266 
1 9 2 0  266,090 2 8  256.160 2 9  7 8 3 r 6 8 1  2 4  2,632.067 1 3  1 0 5 ~ 7 1 0 ~ 6 2 0  
1 9 3 0  346.040 3 0  336.560 3 1 l r 0 0 6 . 1 1 8  2 8  2,939.006 12  1 2 2 ~ 7 7 5 r 0 4 6  
1 9 4 0  3621080  5 352.330 5 1,067,699 6 3 t l 3 7 r 5 8 7  7 131,669.270 
1950  399.040 LO 388.930 1 0  1.240.618 1 6  31434,575 9 151.325.798 
1960  526.823 32 5151906  32 1 . 5 7 3 ~ 6 2 0  2 7  3.9521171 I S  179.323.175 -- -- 1 9 6 7  543.790 53L.680° 1.809.500~ 4,188,000 -- -- 

--c 
198.852.000 

1 9 7 0  5 2 7 . 6 5 ~ ~  5 1 4 . 1 9 1 ~  --d 1 . 7 6 2 ~ 8 8 3 ~  I 1  4.366. ~ 6 6 ~  1 0  203.675.000' 

'ESTIUATE BASED ON SYMPTOMATIC INDICATORS OF POPULATION CHANGE BETWEEN I 9 6 0  AN0 1967. 

b 8 ~ ~ ~ ~  UPDN PRELIMINARY REPORTS OF 1 9 7 0  U.S. CENSUS OF POPULITION. 

'LESS THAN ONE PERCENT LNCREASE. 

d~~~~ THAN ONE PERCENT DECREASE. 

'ESTIMATED 8V U.S. BUREAU OF THE CENSUS, CURRENT POPULATION REPDRTS. SERIES P-25. NO. 445. 

SOURCE- U. 5. DEPARTMENT OF COMMERCEI BUREAU OF THE CENSUS, AN0 SEYRPC. 
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TABLE 4 

TOTAL P O P U L A T I O N  AND P O P U L A T I O N  D E N S I T Y  I N  THE 
MILWAUKEE R I V E R  WATERSHED BY C I T I E S *  V I L L A G E S *  AND TOWNS- 1967 

SOURCE- SEWRPC. 

the upper reaches of the watershed a r e  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. 

AVERAGE GROSS 
POPULATION DENSITY 
(PER SQUARE M I L E )  

5 . 4 3 1  
2 1 9 7 0  

5 5 

7 8 4  

C I V I L  
D I V I S I O N  

CITIES..... 
VILLAGES.*, 
TOWNS*.,-o. 

TOTAL 

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 rura l  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 rura l  
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 a re  set 
forth by civil division in the Milwaukee River 
watershed in Table 3. 

POPULATION 
WITHIN 

WATERSHED 

4 4 3 . 5 3 0  
6 7 , 5 7 0  
3 2 , 6 9 0  

5 4 3 *  7 9 0  

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, i t  i s  clear that at  least 
three factors were of particular significance; 
namely, urban renewal activities involving whole - 
sale clearance of housing units with little o r  no 
replacement by April 1970, essential freeway and 
other public works construction involving a loss 
of housing units, and a reduction in the average 

AREA 
INCLUDED 

I N  WATERSHED 
(SQUARE MILES)  

81.67 
22.75 

5 8 9 . 4 1  

6 9 3 -  8 3  

PERCENT OF 
WATERSHED 

POPULATION 

8 2  
12 
6 

1 0 0  

PERCENT OF 
AREA I N  

WATERSHED 

1 2  
3 

8 5 

1 0 0  



EXISTING POPULATION DENSITIES 
IN THE MILWUKEE RIVER WATERSHED BY HYDROLOGIC SUB-BASlh 

1967 



MEDIAN AGE DISTRIBUTION 
IN THE MILWAUKEE RIVER WATERSHED 

1967 

AVERAGE HOUSEHOLD SIZE 
IN THE MILWAUKEE RIVER WATERSHED 

1967 

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 a re  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, a s  well a s  a regionwide, basis. 

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

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 i t s  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 



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 a r e  
successfully completed in the lower watershed 
according to planned densities, it i s  likely that the 
population decline will cease and that population 
levels will stabilize o r  actually increase in the 
lower watershed. 

Figure 6 
PERCENTAGE D ISTRIBUT ION OF TOTAL 

E M P L O Y M E N T  I N  MILWAUKEE, OZAUKEE, 
AND WASHINGTON COUNTIES BY MAJOR 

INDUSTRIAL GROUP 1967 

Source: SE WRPC. 

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 
i s  true not only because population migration into 
the watershed i s  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 i s  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 f irms 
within the watershed which employ 150 o r  more 
persons each. It includes the six largest indus- 
tr ies within the watershed-American Motors Cor- 
poration, A. 0. 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. 

PERCENT 

Figure 7 
PERCENT DISTRIBUTION OF MANUFACTURING 

EMPLOYMENT IN MILWAUKEE,OZAUKEE, 
AND WASHINGTON COUNTIES 

BY TYPE OF MANUFACTURING 1967 
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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 i s  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, i t  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 i t s  historical 

TABLE 5 

AGRICULTURAL INDICATORS I N  FOND DU LAC1 HILWAUKEEp OZAUKEE. 
SHEBOYGANI AND WASHINGTON COUNTIES- 1 9 5 9  AND 1 9 6 4  

SCURCE- U.S. CENSUS OF AGRICULTURE AN0 SEYRPC. 
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FOND DU M C  CCUNTY HILYAUKEE COUNTY OZAUKEE COUNTY ShEBOYGAN COUNTY hASHINGTGN COUhTV 

INDICATOR 1959 1964 1959  1964 1959 1964 1959 1964 1959 1964 

NUMBER OF FARMS............... 3.C29 2 ,768  557 

NUMBER OF FARM OPERATORS...... 3.029 2.768 557 

TCTAL CR AVERAGE 

VALUE OF FARM PRODUCTS SOLE 
ITHOUSLNCS OF COLLARS)........ 

AVERAGE VALUE OF FARM PROOUCTS 
SCLC PER FAR* IOOLLIRSI....... 

1959 
pp 

8.931 
ITCTALI 

1 ~ 0 5 3 . 2 2 0  
ITGTALI 

8 . 9 3 1  
(TCTALI 

108.0 
IIVERAGEI 

71.587 
(TOTALI 

8.280 
IAVERAGEI 

1964 

8.069 
ITOTALI 

1.019.377 
ITOTALI 

8.069 
(TOTALI 

114.6 
IAVERAGEI 

84.165 
ITOTALI 

10.786 
(AVERAGE) 

25.043 

8.463 

31.539 

11.407 

5 ,932  

10.175 

5 .292  

12 ,938  

7,853 

8.173 

9 ,262  

10.634 

18,618 

7.230 

22,086 

9.614 

13.541 

7.360 

15.986 

9.335 



TABLE 6 

VALUE OF FARM PRODUCTS SOLD I N  FOND DU LAC, MILWAUKEE, 
OZAUKEE. SHEBOYGANI AND WASHINGTON COUNTIk S BY PRODUCT 

1959 AND 1964 (THOUSANDS OF DOLLARS) 

SOURCE- U.  S. CENSUS OF AGRICULTURE AND SEWRPC. 

PRODUCT 

DAIRY............. 
L I V E S T O C K  

(NOT PCULTRY), . .  
F I E L D  CROPS......, 
POULTRY........... 
VEGETABLES........ 
FOREST............ 
F R U I T S  AND NUTS... 

TOTAL 

PRODUCT 

DAIRY- . . . - - - . - - . . .  
L I V E S T O C K  

(NOT POULTRY)... 
F I E L O  CROPS....... 
POULTRY........... 
VEGETABLES........ 
FOREST............ 
F R U I T S  AND NUTS... 

TOTAL 

PRODUCT 

DAIRY-...-........ 

development. Thus, attention is focused herein 
upon historic, a s  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 i s  
now the Southeastern Wisconsin Region had its 
beginning following the Indian-cessions of 182 9 
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 

River. Initial urban development occurred along 
the Lake Michigan shoreline at the ports of Mil- 
waukee, Port Washington, Racine, and Southport 
(now Kenosha), as  these settlements 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 

FOND OU LAC COUNTY MILMAUKEE COUNTY 

1959 

$14,832 

6,682 
1,432 
1,089 
1s 059 

505 
44 

1959 

S 683 

552 
492 
202 
36 1 

3,550 
9 2 

L I V E S T O C K  
(NOT POULTRY)- . -  

F IELD CROPS....... 
POULTRY........... 
VEGETABLES........ 
FOREST---......-.. 
F R U I T S  AN0 NUTS... 

TOTAL 

1964 

$18,600 

7,044 
2,596 

895 
1,823 

549 
3 2 

WASHINGTON COUNTY 

2,604 
2,067 

648 
550 
83 
56 

$15.986 

3.325 
0 1 7  

594 
390 
9 1 
48 

$13,541 

1964 

$ 398 

482 
509 
114 
283 

3,445 
61 

PERCENT 
CHANGE 

1959-1964 

+25.4 

+ 5.4 
+81.3 
-17.8 
+72.1 
+ 8.7 
-27.3 

$25,643 $31,539 +23.0 

OZAUKEE COUNTY 

18.653 
8,295 
2,480 
3,719 
4,630 

373 

$84,165 

1959 

$ 8.076 

- 21.7 
+103.2 
+ 9.1 
+41.0 
- 8.8 
+ 16.7 

+ 18.1 

16,712 
4 , 504 
3,209 
3,199 
41554 

469 

$71,587 

22.2 
9 -9 

PERCENT 
CHANGE 

1959-1964 

-41.7 

-12.7 
t 3.5 
-43.6 
-21.6 
- 3.0 
-33.7 

1959 

$4,214 

1, 709 
569 
354 
622 
230 
155 

$7,853 

55,932 $5,292 -10.8 

SHEBOYGAN COUNTY 

PERCENT 
CHANGE 

1959-1964 

1959 1969 

23.3 
6.3 
4.5 
4.5 
6.4 
0.7 

100.0 

2-9 
4-4 
5.5 
0.4 

100.0 

1959 

$11,135 

4,444 
994 
970 
767 
178 
130 

$18,618 

1964 

S 9,978 

-22.7 
+16.3 
t 1.7 
-20.5 

+17.6 

1964 

$41744 

2.123 
1,306 

2 39 
383 
300 
167 

$9,262 

PERCENT 
D I S T R I B U T I O N  

PERCENT 
CHANGE 
1959-1964 

t 23.6 

PERCENT 
CHANGE 

1959-1964 

t 12.6 

+ 24.2 
+129.5 
- 32.5 
- 38.4 
+ 30.4 
+ 7.7 

+ 15.2 

TOTAL 

1964 

$12,295 

6 400 
1,817 

584 
680 
253 
5 7 

$22,086 

54.7 

VALUE VALUE 

PERCENT 
CHANGE 

1959- 1964 

+10.5 

t44-0 
+82.8 
-39.8 
-11.3 
+42.1 
-56.2 

t18.6 

146,015 

PERCENT 
D I S T R I B U T I O N  

$38,940 54.3 



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 o r  on major tributaries at natural water- 
falls o r  rapids, where small water-powered grist 
mills and sawmills could be built. The early set- 
t lers 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 
i s  presented in Chapter V of this volume. 

The period from 1840 to 1860 was one of rapid 
settlement of the rura l  area of the watershed, 
while the villages sustained relatively 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 e r a  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 11 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 11, 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 MiIwaukee River watershed is shown on 
Map 9 and is summarized in Table 7. Although 
Map 9 illustrates the still  predominately rura l  
character of the headwaters, i t  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-f amily 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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LEGEND 
DEVELOPMENT AS OF: 

An affluent and mobile population has been converting land from rural to urban use within the 
watershed at a steadily increasing rate. In the 17-year period extending from 1950 to 1967, a 
36 percent increase in the population of the watershed was accompanied by an 80 percent increase 
in the land devoted to urban use within the watershed. As shown above, this urbanization has 
occurred in a diffused pattern outward from the historic urban centers into the woodlands and 
the fertile farmlands of the watershed. 

Source: SEWRPC. 
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This generalized existing land use map depicts the extent of urban development within the water- 
shed in 1967. Most of the medium- and high-density urban areas were developed prior to 1950. 
with a dispersed, low-density residential development pattern predominating after 1950. Twelve 
of the 21 major lakes in the watershed have low- or medium-density residential development 
ringing their shores. 

Source: SEWRPC. 
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TABLE 7 

SUMMARY OF E X I S T I N G  LAND USE I N  THE MILWAUKEE RIVER WATERSHED- 1 9 6 7  

'INCLUDES OFF-STREET PARKING. 

LAND USE CATEGORY 

URBAN LAND USE 

RESIDENT I AL 
UNDER DEVELOPMENTo*.,oo--.o..o 
DEVELOPED.*-~.o-..o*~.o.~....~ 

SUBTOTAL 

C O M M E R C I A L * . ~ ~ . ~ , . ~ o ~ - ~ . ~ ~ . . . ~  
INDUSTRIAL.~oo.-.~oo...o..-~eo~* 
MININGo.~o-..-..~l..o.-o-.o-..t. 
TRANSPORTATION AND UTILITIES:.., 
GOVEKNMENTALbAND IYSTITUTIONAL.. 
RECREATIONAL~l-~.~..~~o~o.oo...~ 

TOTAL URBAN LAND USE 

RURAL LAND USE 

AGRICULTURAL...o...ooo-.-...,. 
OPEN LAND 

WATER AND WET LANDS^-*^.^....,. 
 WOODLAND:,^^...^^^-.^^^^^^^^.. 
UNUSED LANDo.o.*oo....*o..,,,, 

TOTAL RURAL LAND USE 

TOTAL LAND USE 

'THE WETLAND AND WOODLAND AREA DATA PRESENTED I N  THIS  TABLE WAS DETkRMINED 
THROUGH A I R  PHOTO INTERPRETATION, DELINEATION, AND MEASUREMENT BY THE SEWRPC AS 
PART OF THE WATERSHED LAND USE INVEYTORY ANDy AS SUCH, I S  NOT STRICTLY COMPARA- 
BLE TO THE WETLAND AND WOODLAND AREA DATA P R E S E N I ~ D  AS PART OF THE NATURAL RE- 
SOURCE INVENTORY I N  CHAPTERS I V  AND X I 1 1  OF THIS  VOLUME. THE LATTER DATA WERE 
COMPILED BY THE WISCONSIN DEPARTMENT OF NATURAL RESOURCES THROUGH F I E L D  INTER- 
PRETATION TECHIQUES AND GENERALLY INCLUDE ONLY CONTIGUOUS WETLAND AREAS OF AT 
LEAST 50 ACRES AND ONLY CONTIGUOUS WOODLAND AREAS OF AT LEAST 2 0  ACRES, 

d~~~~ FIGURE REPRESENTS THE TOTAL AREA OF THE WATERSHED A S  DETERMINED THROUGH 
APPROXIMATING THE WATERSHED BOUNDARY BY U. S. PUBLIC LAND SURVEY QUARTER-SEC- 
T I O N  AND SUMMING THE QUARTER-SECTION TOTALS. THE ACTUAL MEASURED WATERSHED TO- 
TAL I S  693.83 SQUARE MILES, OR 444,051 ACRES, REPRESENTING A DIFFERENCE OF 1.41 
SQUARE MILES, OR ABOUT 900 ACRES, FROM THE APPROXIMATED WATERSHED TOTAL (SEE 
TABLE 1 1 

AREA I N  
ACRES 

2,176 
24, 8 4 4  

27, 0 2 0  

1,368 
1,763 
1 ~ 1 1 3  

25,511 
3,452 
5, 0 8 1  

65,308 

2 7 1  r 3 7 0  

6 5  y 0 5 0  
359 0 3 2  

8, 191 

3799 6 4 3  

444,951 

SOURCE- SEWRPC, 

AREA I N  
SQUARk 

MILES 

3.40 
38. 8 2  

42.22 

2. 1 4  
2- 7 6  
1.74 

39.86 
5 - 3 9  
7 - 9 4  

102.05 

424.01 

101.64 
54.74 
12.80 

593.19 

695.24d 

PERCENT OF 
MAJOR 

CATEGORY 

303 
38.0 

4 1  0 3 

2.1 
2.7 
1.7 

39.1 
5.3 
70 8 

100.0 

71.5 

17.1 
9.2 
2.2 

1 0 0 0 0  

- - 

PERCENT OF 
WATERSHED 

AREA 

0 - 5  
5 l 6 

6. 1 

0.3 
0-4 
0.3 
5.7 
0.8 
1-1 

14.7 

61.0 

1 4 - 6  
7.9 
1.8 

85.3 

100.0 



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 a re  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 M of 
this volume. 

population a re  served by public water supply sys- 
tems. The existing service areas of public and 
privately operated water systems a re  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 a s  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 rura l  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 

Of special significance, and also shown on Map 10, to, or greater than, the cost of extending such 
a re  the areas within the basin and outside Mil- service. 
waukee County which a r e  included in the planned 
service area  of the Metropolitan Sewerage Com- 
mission of the County of Milwaukee. Within this As a matter of established utility corporation 
service area, which comprises about 32 square policy, any major natural gas customer can obtain 
miles, or nearly 5 percent of the total watershed gas service anywhere within the franchise por- 
area, sanitary sewage will be collected and trans- tions of the watershed; but extensions to serve 
mitted to plants located directly on the shore of small potential customers in areas remote from 
Lake Michigan for treatment and disposal. existing gas mains must be deferred until the 

number of such customers economically justifies 
Water Supply Service the necessary extension. Gas service within the 
Public water supply systems serve a somewhat watershed i s  provided by three utilities: the Wis- -. . . 

smaller proportion of the watershed area than do consin Gas Company, the Wisconsin Power and 
public sanitary sewerage systems. Presently Light Company, and the Wisconsin Public Service 
(1967) about 60 percent of the total developed area Corporation. No gas utility franchise exists in the 
of the watershed, 9 percent of the total watershed watershed within the Town of Wayne in Washington 
area, and about 91 percent of the total watershed County and the Town of Scott in Sheboygan County. 
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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- 
half of the present urban development and about 85 percent of the total watershed population. 

Source: SEWRPC. 



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 a s  lakes, 
s treams, 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 o r  radiate 
from the Milwaukee urbanized area. 

Intercity bus service i s  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 

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 197 0 census results 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 a re  largely 
centered inside the watershed in the major urban 
center of Milwaukee. Land areas in the lower 
and center reaches of the watershed a re  under- 
going a particularly rapid conversion from rura l  
to urban use. Moreover, recent urban develop- 



Source: SEWRPC. 



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 

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 

The natural resource base i s  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 o r  slowly renewable resources. In this 
age of high resource demand and rapidly changing 
technology, i t  i s  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 i s  subject to 
a semi-humid continental-type climate which is 
characterized by the extremes in weather common 
to i ts  latitude and interior position on the North 
American Continent. Cyclonic activity i s  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 a s  f a r  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 
a r e  relatively warm, with occasional periods of 
hot, humid weather and sporadic periods of very 
cool weather. Precipitation experienced during 
this season i s  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 
o r  parts of the months of November and March. 
Winters tend to be cold, cloudy, and snowy. There 
i s  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 
o r  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 a re  extremely varied, 
and relatively long periods of precipitation are 
common during these two seasons. Early spring 
i s  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 extend from March 
through May and is characterized by cool, wet 
weather. Typical autumn weather may extend from 
September through November and is characterized 
by pleasant, mild, sunny days and cool nights. 

Air temperatures within the watershed a r e  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 OOF o r  
less has ranged from none in 1921 and 1931 to 41in 
1963, a s  determined by the records for the two 
stations from 1871 to 1969. The number of days 
with temperatures of 90°F o r  more has ranged 
from zero in 1950 and 1951 to 31 in 1941. The 
lowest temperature recorded within the watershed 
was -2g°F in January 1951. The highest tempera- 
ture recorded was 1 0 7 ' ~  in July 1936. The mean 
daily temperature of the hottest month, July, is 
70.3'~; and the mean daily temperature of the 
coldest month, January, is 20.4'~. The mean 
annual temperature for the watershed ranges from 
45.1 '~  in the lower watershed to 46.4'~ in the 
upper watershed. 



The growing season, which i s  defined a s  the 
number of days between the last 3 2 ' ~  frost in 
spring and the f i rs t  3 2 ' ~  frost  in fall, averages 
about 164 days within the watershed. The average 
date of the f i r s t  3 2 ' ~  freeze occurs during the 
second week of October, and the average date of 
the last 3 2 ' ~  freeze in the spring occurs during 
the f i r s t  week of May. 

gentle showers of trace quantities to destructive 
thunderstorms, causing property and crop damage, 
inundation of poorly drained areas ,  and s t ream 
flooding. As indicated in Table 8,  the average 
annual precipitation for  the watershed i s  29.51 
inches at Milwaukee and 29.76 inches at  West 
  end' and has varied from a low of 19.10 inches 
to a high of 41.86 inches, a s  determined by the 

Precipitation within the watershed takes the form 'The average annual precipitation for the watershed as a 
whole, determined by the Thiessen (Polygon) Network meth- 

of rain, sleet,  hail, and snow and ranges from od, is 29.35 inches. 

T A B L E  8 

P R E C I P I T A T  1 0 1 4  M E A N S  A N D  E X T R E M E S  
A T  M I L W A U K E E  A N D  U E S T  BEND,  W I S C O N S I N  1 9 3 1 - 1 9 6 0 ~  

P C N T H  

JINUPRY..... 

FEBRUARY..  , . 
PARCI'-o-...o 

APRIL - . - . o . o  

PRY..-*a..o. 

JUNE,*.---.o 

J U L Y o m o o o o o o  

AUGUST.--... 

SEPTEMBER... 

CCTCBER. -o - ,  

NOVEMBER.... 

CECEWBER-0. .  

I P R E C I P I  T A P I C N  ( I N C H E S )  

1 M E A N S  I G R E A T E S T  D A I L Y  

M I L W A U K E E  W E S T  B E N D  M  I L W A U K E E  Y E A R  

O T ~ E  3 0 - Y E A R  P E R  I O C ,  1 9 3 1 - 1 9 6 C .  I S  T H E  ( S T A N D A R D  N O R M A L '  P E R I C O ,  W H I C b  CGNFORMS 
T O  T H E  WCRLD H E T E O R O L O G I C A L  O R G A N I Z A T I O N  S T A h D A R D  F O R  C L I P A T C L C G I C A L  YGRMALS.  
F C R  A  MORE C O M P L E T E  P E R I C O  O F  A N N U A L  P R E C I P I T A T I O N  S E E  C H A P T E R  V I ,  T A B L E  24 ,  O F  
T H I S  R E P C R T  VCLUME.  

b ~ t - ~  M A X I H U M  R E C O R D E D  2 4 - H O b R  R A I N F A L L  I N  T H E  W A T E R S H E D  - - 7 - 5 8  I N C h E S - -  OCCURRED 
AT  U E S T  B E N D  I N  A U G U S T  1 9 2 4  [ S E E  C H A P T E R  V I  C F  T H I S  V O L U M E ) .  

SOURCE-  U. S. WEATHER B U R E A U  A N D  SEWRPC. 



records for  the two stations from 1931 to 1960, 
which 30-year period i s  the "standard normal" 
period conforming to the World Meteorological 
Organization standard for  climatological normals. 
Approximately 55 percent of the average annual 
precipitation occurs a s  rainfall during the grow- 
ing season. Snowfall accounts f o r  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 a r e  presented in Tables 8 and 9; 
and graphic presentations for each a r e  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 o r  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 a re  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- 
a ry ,  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*  W I S C O N S I N  1931-1960" 

I MEANS l D F l  

JANUARY... .  2 8 . 3  

FEBRUARY...  3 0 . 2  

IbRCh...... 3 8 . 8  

APRIL.. . . . .  5 3 . 1  

P C N T h  

YAY........ 

JUNE....... 

JULY....... 

IbGUST... . .  

SEPTEMBER.. 

CCTOBER.... 

NCVEMBER...  

CECEMBER... 

E X T R E P E S  l D F l  

D A I L Y  MAXIMUM 

1 9 4 0  
J U L Y  

D A I L Y  M I N I M U M  RECORD H I G H  

'THE 3 0 - Y E I R  P E R I O D .  1 9 3 1 - 1 9 6 C 1  I S  THE 'STANCARD NCRMAL1 P E R I C D  W r l C H  CCNFORHS TC THE WCRLO METEOROLOGICAL O R G A N l Z A T l t N  STAhCARC FCR C L I H A T C L O G I C A L  
NORMALS. AND. MOREOVER. CONFORMS TO THE D E C E h N l A L  C E h S b S  C F  THE U N L T t D  S T A T E S  C L I M A T E .  U. S. YEAThER BUREAU. 

MONTHLY RECORD LOW 

MILWAUKEE 

SCURCE- U.S. DEPARTMENT OF COMMERCE, WEATHER BUREAb,  ANC SEYRPC. 

WEST BEND M I L Y A U K E E  MILWAUKEE YEAR Y E S 1  BEND WEST B E N 0  YEAR MILWAUKEE h E S T  BEND YEAR WEST BEND M I L W A L K E E  YEAR 



Figure 8 
AVERAGE MONTHLY TEMPERATURE AND PRECIPITATION 

AT MILWAUKEE AND WEST BEND, WISCONSIN 
1931 - 1960 

Aource: U.S. Department of Commerce, Weather Bureau. 

PHYSIOGRAPHY 

The Milwaukee River watershed is an irregularly 
shaped drainage basin, with i ts  major axis ori-  
ented approximately north and south. Its area  is 
approximately 694 square miles and i t s  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 

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. 

. . -(r 8 

, ' , ;'; - f '  
Topography . . 
The Milwaukee River watershed lies within the' 
Niagara cuesta section of the Eastern Ridges 



and Lowlands physiographic province of Wiscon- shoreline to i t s  mouth on the Lake Michigan shore 
sin, and i t s  topography i s  controlled together in Milwaukee. A relatively complex pattern of 
by the bedrock and overlying glacial deposits. major tributaries includes the North, the East, 
The Niagara cuesta, on which the watershed and the West Branches of the Milwaukee River and 
lies, is a gently eastward sloping bedrock sur- Cedar Creek. 
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 AND HIST0R1C OVERVIEW 
glacial deposits, which form the irregular surface 
topography characterized by rounded hills o r  
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 a s  the Kettle Moraine, give the watershed 
i t s  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 f rom a high 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 a re  
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). 

The geology of the Milwaukee River watershed i s  
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 

Surface Drainage are  shown in Figure 9, and the locations of these 
Surface drainage is poorly developed but highly sections a r e  shown on Map 14. 
diverse within the Milwaukee River watershed 
due to the effects of the relatively recent glacia- 
tion. The land surface i s  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 i ts  major 
tributaries have a very disordered pattern. The 
flow of the Milwaukee River from i ts  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 r iver turns eastward and 
flows generally easterly down the dip slope of the 
Niagara cuesta to Fredonia. Here i t  turns and 
again flows in a generally southerly direction 
parallel and very close to the Lake Michigan 

Pre-Cambrian Rock Units 
Pre-Cambrian crystalline rocks, thousands of feet 
thick, form the basement on which younger rocks 
were deposited. Little i s  known of their origin; 
but, in three wells that reach the Pre-Cambrian 
basement, the rock types a re  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 i s  steepest to the 
east and south. 
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G E N E R A L I Z E D  R E L I E F  
IN THE M I L W A U K E E  R I V E R  W A T E R S H E D  

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. GeologicaI Survey. 



TABLE 10 

S T R A T I G R A P H Y  OF THE MILWAUKEE RIVER WATERSHED 

SOURCE- U.S. G E O L O G I C A L  SURVEY.  

G E C L O G I C  AGE 

H C L O C E N E  

P L E I S T O C E N E  

D E V C N I A N  

- 

Layered sedimentary rocks overlie the pre-Cam- covered much of the present North American 
brian rocks and consist primarily of sandstone, continent. 
shale, and dolomite. These rocks were deposited 
during the Cambrian, Ordovician, Silurian, and During early stages of deposition, the Pre-Cam- 
Devonian geologic time periods, in seas  that brian hill probably was an island in the ancient 

S T R A T I G R A P H I C  
U N I T  

A L L U V I U M  

G L A C I A L  D E P O S I T S  

M I L W A U K E E  F O R M A T I O N  

T C I E N S V  I L L E  F O R M A T I C N  

L A K E  CHURCH F O R M A T I O N  

S I L U R I A N  

O R O O V I C I A N  

C A P B R I A N  

P R E C A M B R L A N  

L I T H C L C G Y  

P E A T ,  C L A Y ,  S I L T ,  SAND, 
A h 0  GRAVEL.  

P E A T I  C L A Y ,  S I L T ,  S A N O t  
A N 0  GRAVEL.  

O C L O M I T E I  GRAY AND BROWN 
SHALE,  GRAY. 

O C L C P I T E r  L I G H T  T C  CARK 
PRCWN A N 0  GRAY M O C E R A T E L Y  
T H I C K - B E C O E C .  DENSE. 

O C L O M I T E .  

T H I C K N E S S  
RANGE ( F E E T 1  

C - 2 5 1 1  1  

C - 4 0 0  (t 

C - 1 1 0  

C - 8 0  

0 - 3 5  

A R E A L  E X T E N T  

OCCURS C N L Y  L O C A L L Y  
I N  STREAMS, V A L L E Y S ,  
ANC M A R S t E S .  

U N D E R L I E S  E N T I R E  W T E R S H E O  
E X C E P T  ON ROCK OUT- 
CROPS. 

T h E S E  U N I T S  OCCUR O N L Y  I N  T H E  
S C U T t E A S T E R N  P A R T  O F  T H E  
WATERSCEO. 

D O L O M I T E  
U N C I F F E R E N T I A T E O  

NEOA F C R M A T I O N  

MACUOKETA S b A L E  

G A L E N A  C O L O M I T E  
OECCRAH F O K Y A T I G N  
P L A T T E V I L L E  F O R M A T I O W  

ST. P E T E R  S A N O S T O N t  

P R A I R I E  OU C t I E N  GROUP 

T R E M P E A L E A U  F O R M A T I O N  

FRANCON I A  SANDSTONE 

G A L E S V I L L E  S A N D S T O N E  

E A U - C L A I R E  SANCSTONE 

MT. S I M O N  SANOSTONE 

U N D I F F E R E N T I A T E D  

C - 6 4 6  

C - 3 5  

9 C - 2 6 5  

3 Z C C - 3 0 5  

9 5 - 2 7 0  

C- I? I 

0 - 5 5  

C - 9 5  

0 - 7 5 l + l  

C - 3 9 0 1 7  1  

0 - 7 7 0 l + l  

( T H O b S A N O S  OF 
F E E T )  

D O L O M I T E I  L I G H T  G R A Y  
L P P E R  P A R T .  M A S S I V E  
C I C O L E  P A R T  CHERTY.  
L C C E R  P A R T  L E S S  M A S S I V E  
S C Y E  C C R A L  R E E F S .  

S H A L E .  R E D *  O L I T I C I  
H E P A T I C .  

SHALE,  B L U E  GRAY T O  GRAY, 
O C L O M I T I C  k I T H  I N T E R -  
B E C C E C  O C L C C I T E  L A Y E R 5 .  

O C L O C I T E .  L I G H T  GRAY r0 
B L U E  SANDY O C L O M I T E  OR 
C C L O M I T I C  S A N C S T O N E  AT 
BASE. 

S A N D S T O N E *  M E D I U M  T O  
F I N t  G T A I N E C ,  W H I T E  
TC L I G H T  G R A Y *  OC- 
L C V I T I C .  

O O L O Y I T E  C H E R T Y *  L I G H T  
GRAY TC W H I T E I  DENSE,  
k I T H  T H I N  B E C S  O F  SHALE.  

S A N D S T O N E t  V E R Y  F I N E  T O  
C E O I U V - G R A I N E D .  C O L O M I T E  
L I G H T  GRAY, I N T E R B E C C E O  
k I T H  S I L T S T C N E .  

S A N O S T C N E ~  V E R Y  FINE- T O  
V E O I U P  G R A I N E C  S I L T S T O N E  
CR O C L O V I T E  I h  LCWER PART.  

S A h D S T O N E  F I N E  T O  M E D I U M  
G R A I N E D *  L I G H T  LRAY. 

S A h O S T C N E  F I N E  T O  M E O I U C  
G R A I N E C ,  C C L C M I T E ,  L I G H T  
GRAY. 

SANOSTONE F I h E  TO C O A R S E  
G R A I N E D ,  W H I T E  OR L I G H T  
6RAY.  

C R Y S T A L L I N E  R C C K S  I N -  
C L U D I N G  G R A N I T E  A N 0  
Q b A R T Z I T E .  

S t E C  W I T H  T b E  P O S S I B L E  
E X C E P T I C N  O F  S M A L L  AREA 
N C R T t  O F  S L I N G E R .  

I C E N T I F I E C  O N L Y  
L O C P L L Y  I N  T H E  CATER-  
S t E C .  

U h C E R L I E S  E N T I R E  
WATERSCEC-  

U N D E R L I E S  E N T I R E  
WATERShEC.  

U N D E R L I E S  E N T I R E  
WATERSbEO.  

MPY OCCUR L O C A L L Y  I N  
N G R T H W t S T  CORNER O F  
WATERShEO.  

) T ~ E S E  UNITS A R E  
R E C O G N I Z E D  O N L Y  
W I T t I N  T t E  N O R T H E R N  
P A R T  O F  T C E  WATERSHED. 

1 

T t E S E  U N I T S  A R E  
P R E S E N T  I N  A L L  B U T  I T t E  WEST-CENTRAL P A R T  
O F  T h E  WATERSHEO. 

U N C E R L I E S  E N T I R E  
WATERSHEC. 



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 ,  a s  is suggested by the absence of Cambrian 
formations near  i t s  summit. Ordovician, Silu- 
rian, and probably younger sediments were later  
deposited over the entire hill. 

buried Pre-Cambrian hill in Washington County. 
The lowermost Mount Simon sandstone and the 
Eau Claire sandstone are  present throughout the 
res t  of the watershed. The overlying Galesville 
and Franconia sandstones a re  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. 

Cambrian Rock Units 
Cambrian rocks in the watershed a re  primarily 
sands tone but contain some silts tone, dolomite, 
and shale. These rocks a r e  thin o r  absent near  the 
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Cambrian rocks a re  thickest in the Milwaukee 
County area ,  where the Mount Simon sandstone i s  
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 a re  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 thewatershed consist of sand- 
stone, dolomite, and shale. Dolomitic rocks of 
the Pra i r ie  du Chien group a re  generally absent 
but may be present locally in the northwestern 
area ,  where they occur a s  remnants of Ordovician 
erosion. Ordovician formations younger than the 
Pra i r ie  du Chien group a re  present throughout 
the watershed. 

The St. Peter  sandstone was deposited on an i r r e -  
gular erosion surface that cut deeply into the 
underlying Pra i r ie  du Chien group and the Cam- 
brian formations. As a result the thickness of 
the St. Peter  sandstone i s  not uniform. The over- 
all  thickness i s  generally greatest in the eas t  
and southeast, where i t  ranges between 190 and 
250 feet, and i s  least in the north and west, where 
i t  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 a r e  not differ- 
entiated in the watershed. The combined thick- 
ness of these dolomitic units i s  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, i s  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 s t ra ta  overlie the Maquoketa shale and the 
Neda formation. They form the bedrock beneath 
the glacial deposits in most of the watershed. The 
Silurian dolomite crops out and i s  quarried at 
several localities within the watershed. 

In Sheboygan County the Silurian dolomite locally 
i s  more than 600 feet thick; southward i ts  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 a r e  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 a re  thick- 
e s t  along the easternmost edge of this a r ea  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 e ro-  
sion. The major p-eglaciai 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 a re  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 a s  
recently a s  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 a s  outwash by glacial melt water. 
A small a rea  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 a r e  
composed mainly of till but may locally contain 
stratified drift. Clayey till i s  predominant in the 
eastern one-third and the northwestern corner  of 
the watershed, but sandy tills a r e  present in the 
r e s t  of the area. 



The Kettle Moraine is a complex moraine that melted. Map 15 shows the approximate areal dis- 
formed between two glacial ice lobes-the Green tribution of the glacial deposits in the watershed. 
Bay and the Lake Michigan lobes-and it consists 
of intermixed stratified drift and tilldeposits. The Table 11 summarizes the water-yielding charac- 
layering in many of the exposed stratified drift teristics of the unconsolidated deposits of Pleis- 
deposits in this moraine i s  folded and faulted and tocene and recent ages in the Milwaukee River 
shows evidence of collapse as  the supporting ice watershed. 

TABLE 11 

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

SCURCE- U.S. G E O L O G I C A L  SURVEY. 

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 o r  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 o r  glacial- 
related material, and these represent an exceed- 
ingly complex soil pattern. 

WATER-Y I E L D I N G  C H A R A C T E R I S T I C S  

G E N E R A L L Y  SATURATED. NOT U S E 0  A S  A  SOURCE 
OF WATER FOR WELLS. P I T S  ARE S O M E T I M E S  
DUG T O  EXPOSE GROUNC WATER FOR U S E  I N  
I R R I G A T I O N .  

SAND MAY Y I E L O  S M A L L  Q U A N T I T I E S  O F  WATER. 

Y I E L D  S M A L L  T O  LARGE Q U A N T I T I E S  O F  WATER. 
D E P G S I T S  ADJACENT T O  P E R E N N I A L  STREAMS ARE 
MOST F A V O R A B L E  FOR O B T A I N I N G  L A R G E  Y I E L D S .  

Y I E L D  S M A L L  Q U A N T I T I E S  O F  WATER. T H I C K  
S E C T I O N S  OF SAND ANC GRAVEL  I N  B U R I E D  
V A L L E Y S  MAY Y I E L O  MODERATE TO L A R G E  QUAN- 
T I T I E S  OF  WATER. 

P E R M E A B I L I T Y  LOW T O  VERY LOW. I S O L A T E D  
L E N S E S  OF  SAND AND GRAVEL MAY Y I E L O  SMALL 
Q U A N T I T I E S  OF  WATER TO WELLS. 

GENERALLY  UNSATURATED. DOES NOT Y I E L D  
WATER TO WELLS. 

U N I T  

O R G A N I C  D E P O S I T S  

G L A C I A L  L A K E  
O E P O S I T S  ( L A C U S T R I N E )  
AND STREAM A L L U V I U M  

OUTWASH 

ICE-CONTACT D E P O S I T S  

G L A C I A L  T I L L  

LOESS 

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

GENERAL D E S C R I P T I O N  

P E A T  A N 0  MUCK 

CLAY,  S I L T ,  SAND, A N 0  MARL. SORTED AND 
S T R A T I F I E D  

MOSTLY SAND AND GRAVEL.  SORTED AND 
S T R A T I F I E O  

CLAY,  S I L T ,  SAND, GRAVEL,  A N 0  BOULDERS. 
U N S T R A T I F I E O  TO S T R A T I F I E D  AND UNSORTED 
TO SORTED 

C O N S I S T I N G  O F  CLAY,  S I L T ,  SAND, GRAVEL,  
AN0  BOULOERS. UNSORTED A N 0  U N S T R A T I F I E D  

S I L T  W I T H  SOME C L A Y  AND A  L I T T L E  SAND. 
U N S T R A T I F I E O .  B L A N K E T S  G L A C I A L  OEPOSITS .  

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 se r -  
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The topography of the watershed has been determined primarily by unconsolidated materials de- 
posited by glaciers which covered the watershed some 5,000 to 6,000 years ago. The Kettle Moraine 
area, a product of this glaciation, is the outstanding topographic feature of the Milwaukee River 
watershed. It is a complex moraine that was formed between two glacial ice lobes - the Green 
Bay and the Lake Michigan lobes - and it consists of intermixed stratified drifl and till deposits. 
This map shows the approximate areal distribution of the glacial deposits in the watershed. 

a- 
Source: U.S. Geological Survey: Geology after Alden, 1918; Black, 1969; 
and mwaires. 1956-1957. 



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

It should be noted that the use suitability ratings 
a re  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, o r  about 12 per- 
cent of the watershed, are designated as prime 
agricultural lands (see Map 19). It i s  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, o r  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 f i rs t  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 fo r  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 
a re  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 o r  savannas a re  known to exist 
in the watershed. 

Woodlands 
Woodlands in the Milwaukee River watershed 
presently cover a total combined area  of 70,885 
acres, o r  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 a r e  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). 



SOIL SUITABILITY INTERPRETATION MAP FOR THE MIWAUKEE 
RIVER WATERSHED RESIDENTIAL DEVELOPMENT 
WITH PUBLIC SANITARY SEWER SERVICE 1967 



.-.-r . . 
SOIL S U I T A B I L I T Y  INTERPRETATION MAP F O R  THE M I L W A U K E E  
R I V E R  WATERSHED SMALL LOT R E S I D E N T I A L  DEVELOPMENT 

W I T H O U T  P U B L I C  S A N I T A R Y  SEWER S E R V I C E  1967 

LEGEND 

ARE= COVERED 81 SC1LS H M N G  SEMRE 
CR Y E W  SEVERE LIMITATIONS FOR RESID?NTI#L 
CEWLOPMENT WlTH SEPTIC TANK SEWAGE 
CN LOT5 LESS THAN ONE AC.CRE IN SIZE 

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 
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 
subject to seasonally high water tables, can only result in eventual malfunctioning of such systems 
and the consequent intensification of water pollution and public health problems in the watershed. 

Suurce: SEWRPC. 
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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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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 yields. 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: SE WRPC. 

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, a re  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 a re  
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 o r  
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 i s  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 a re  only poorly-to-mod- 
erately well stocked for commercial use, due 
principally to the lack of good management. The 
unm,anaged 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,  o r  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 a s  white cedar, black spruce, 
jack pine, white ash, and sugar maple. Trees 
within a given plantation normally a r e  the same 
age and generally a re  planted with tree-planting 
machines on open land. Tree survival has been 
extraordinary; and, a s  a consequence, thinning in 
the older plantations is urgently needed. 

Natural stands of trees within the watershed con- 
sist largely of even-aged mature, o r  nearly 
mature specimens, with insufficient reproduction 
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and saplings to maintain the stands when the old 
trees a re  harvested o r  die of disease o r  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 a re  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 
a re  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 a re  applied. The 
changes in woodland area within the watershed 
since 1900 a re  shown in Table 12. 

TABLE 12 

WOODLAND AREAS IN THE MILWAUKEE R I V E R  
WATERSHED FOR THE YEARS 1900, 1939, 

1958, AND 1967 

CONIFEROUS DECIDUOUS TOTAL YOOOLANDS 

PERCENT PERCENT PERCENT 
OF TOTAL OF TOTAL OF TOTAL 

19001Cl 5.051 119.894 

96.862 1021132 

1958 8.393 71.536 9 0  79.929 

1967 8.598 12 62.287 8 8  70.885 I 6  

SOURCE- UISCONSIN OEPARIMENT OF NATURAL RESOURCES. 

An estimated 45 percent of the privately owned 
upland forest land i s  being grazed by livestock. 
Reproduction of the most desirable hardwood 
species i s  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 a s  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 a s  
to enhance the beauty of a lake, stream, o r  hill- 
side. Strategic location, accessibility, and heavy 
ground cover a re  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 i s  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 i f  lots are  made one acre o r  larger in 
size and if careful attention i s  paid to construc- 
tion practices, a s  well as  to subdivision layout 
and design. 

Whether the land values placed on forest land in 
the watershed a re  always economically sound o r  
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 o r  intangible rea- 
sons, are  eager to own forested land. These 
reasons include privacy, bird watching, hunting, 
growing trees as  a hobby, as  well a s  a business 
venture, o r  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  i s  greatly influenced by the overall quality 
of the environment, as  measured in terms of clean 
a i r ,  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 o r  more to develop, 
can be destroyed through mismanagement within 
a comparatively short period of time. A new 
dimension in forest management is needed to 



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 i s  at ,  o r  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 a re  generally unsuited 
for most agricultural uses requiring cultivation. 
Wetlands a re  composed of organic soils, silts, 
and marl  deposits. Included in the composition 
of wetlands a re  numerous types of terrestr ial  
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 There a re  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 a re  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, a re  considered to be lower 
in value than the deepwater types of wetlands. 

An inventory of all wetland areas 50 acres o r  
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, o r  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.3 The drier  types of wetlands 

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

3 ~ t  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. 

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 a re  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 natural 
resource areas. The changes in wetland area 
within the watershed since 1900 are  shown in 
Table 13. 

T A B L E  13 

WETLAND AREA i4 ITHIN THE MILWAUKEE 
R I V E R  HATERSHEDL 1900, 1939, 1958, 

AND 1967 

SHALLOH 
WET LANDS^ TOTAL YETLANOS 

CF TOTAL OF TOTAL OF TOTAL 

b h d ~ ~ ~  TABLE GENERALLY BELOh GROUND L E V E L .  

' INCLUCES ONLY THOSE SIGNIFICANT WETLANO A R E A S  OCCURRING I N  U N I T S  
C F  50 ACRES MORE. AN A O O I T I O N A L  2 9 . 4 1 6  ACRES OF MINOR hETLANDS 
MERE I C E N T I F I E O  I N  ThE YATERSHED LAND USE INVENTORY.  

SCURCE- Y I S C O N S I N  CEPARTMENT OF NATURAL RESOLRCES AND SEWRPC. 

Aquatic 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 aquatic 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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(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 2 1  lakes of the watershed and their 
relative abundance on a percentage basis is set  
forth in Table 116. 

Long Lake in Fond 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 a s  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 f irst  survey. Changes 
in the emergent population were very difficult to 
determine. As the season progressed, however, 
various species which were unnoticed in early 
summer became apparent because of their pro- 
duction of flowers. Lesser duckweed (Lemna 
minor) was found to increase substantially in late 
summer. Watermeal (Wolffia), which was very 
abundant in early summer, was almost absent; 

and the area  i t  once covered was taken over by 
lesser duckweed. Apparently water lilies die 
off earlier than spatterdock, since spatterdock 
becomes dominant where water lilies had been 
dominant. In all the lakes resurveyed, beds of 
water lilies were observed in various stages of 
die-off. The most drastic change in abundance 
was noticed in Seven Lake, the f irst  lake sur- 
veyed. Here vegetation increased from an abun- 
dant condition to an overabundant condition in  
69 days. 

Within the Milwaukee River watershed, the distri- 
bution and accumulation of aquatic plants tended to 
vary, depending upon the character of the lake. All 
of the lakes studied could be described as  hard- 
water lakes. Certain definite associations were 
apparent, however, with respect to the occurrence 
of aquatic vegetation with water transparency, 
bottom sediments, water fertility, and man's weed 
control activities. A definite correlation was found 
between the maximum depth at which the vegeta- 
tion occurred and the Secchi depth.4 In many 
cases cutting operations and algal blooms altered 
conditions. Tea-colored lakes contained a sparse- 
to-scattered abundance of submergents. The color 
tends to reduce rapidly the quality of solar radia- 
tion causing the restriction of plant life to the 
shallower waters. Lakes or portions of lakes that 
contain sediments formed from suspended ooze 
normally have very few submergents. Some of the 
lakes displayed unusual rank aquatic plant growth 
o r  extensive algal blooms. Included in such lakes 
were: Big Cedar, Crooked, Kettle Moraine, Long, 
Lucas, Seven, and West Bend Pond. 

WATER RESOURCES 

The surface water resources, consisting of lakes 
and streams, form the singular most important 
natural landscape feature within the watershed 
and serve to enhance all proximate uses. The 
water resources contribute both directly and 
indirectly to the regional economy. Moreover, 
water resources contribute immeasurably to total 
resource conservation and recreation within the 

'The secchi depth is the depth of water at which a Secchi 
disk lowered into the water can no longer be seen. This 
depth is also the maximum depth at which aquatic plants 
can live due to lack of light for the photosynthetic process. 
A Secchi disk is a circular metal plate 20 centimeters in 
diameter, the upper surface of which is divided into four 
equal quadrants and so painted that two quadrants directly 
opposite each other are black and the intervening ones, 
white. 



watershed. The ground water resources of the 
watershed a re  closely interrelated with the sur- 
face water, sustaining lake levels and provid- 
ing the base flow of streams. The ground water 
resources, along with Lake Michigan, comprise 
the major sources of supply for municipal, indus- 
trial,  and domestic water users. Indeed, the pro- 
tection, enhancement, and proper development of 
these invaluable water resources were three pri- 
mary reasons for mounting the Milwaukee River 
watershed study. 

Surface Water Resources 
Major Lakes: Major lakes a re  defined herein as  
those having 50 acres o r  more of surface water - 

area. Lakes of this size a re  capable of supporting 
reasonable recreational use with little degrada- 
tion of the resource. Within the watershed there 
a r e  21 major lakes, as  listed in Table 14, having 
a combined surface water area of 3,438 acres and 
providing a total of 59 miles of shoreline. 

TABLE 14 

MAJOR LAKES I N  THE MILWAUKEE 
RIVER WATERSHEO 1967 

OPARTLY CONTAINED I N  FOND OU LAC COUNTY. 

b ~ b ~ ~ ~ ~  CONTAINED IN SHEBOYGAN COUNTY. 

SOURCE- WISCONSIN DEPARTMENT OF NATURAL RESOURCES. 

RANK 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

12 

13 

14 

15  

16 

17 

18 

19  

20  

2 1  

The lakes a re  mostly of glacial origin, being de- 
pressions in gravelly outwash, moraine, o r  ground 
moraine deposits. By virtue of their origin, these 
lakes a re  fairly regular in shape, with their deep- 
est  points predictably near the center of the basin 
o r  near the center of each of several connected 
basins. The beaches a re  characteristically gravel 
or  sand on the wind-swept north, east, and south 
shores, while fine sediments and encroaching 
vegetation a re  common on the protected west 
shores and in the bays. 

Minor Lakes: There a re  50 minor lakes within 
the watershed having surface water areas of less 

NAME 

CEDAR 

LONG 

L I T T L E  CEDAR 

MUD 

KETTLE MORAINE 

RANDOM 

ELLEN 

SILVER 

AUBURN I F I F T E E N )  

CROOKED 

S M I T H  IDRICKENS)  

MAUTHE 

LUCAS 

GREEN 

BARTON POND 

WEST BEND POND 

SPRING 

MUD 

TUELVE 

WALLACE 

FOREST 

TOTAL 

- 
than 50 acres in extent. These minor lakes have 
a combined surface water area of 732 acres and 
provide 41 miles of shoreline. These minor lakes 
generally have few riparian owners and only mar- 
ginal fisheries. In most cases the value of the 
minor lakes i s  largely aesthetic, a value which 
these lakes a re  incapable of retaining with any 
degree of development. 

Major Streams: Major streams a r e  defined herein 
as perennial streams which maintain, at  a mini- 

ACREAGE 

932  

427 

246 

245 

227 

209 

121 

118 

107 

9 1 

8 6 

78 

78  

7 1 

67 

67  

57 

55 

53  

52 

5 1 

3.438 

mum, a small continuous flow throughout the 
year except under unusual drought conditions. 
Within the watershed there are approximately 
330 lineal miles of such major streams, as  listed 
in Table 15. The study of these major streams 
comprises an important element of the water- 
shed planning effort, and subsequent chapters of 
this report will develop and describe the impor- 
tant interrelationships existing between the major 
streams and other natural and man-made ele- 
ments of the watershed. 

COUNTY 

WASHI NGTON 

FOND DU LAC 

WASHINGTON 

OZAUKtE 

FOND DU LAC 

SHEBOYGAN 

SHEBOYGAN 

WASHINGTON 

FOND DU LAC 

SHEBOYGAN 

WASHINGTON 

FOND DU LAC 

WASHINGTON 

WASHINGTON 

WASHINGTON 

WASHINGTON 

OLAUKEE 

FOND DU LAC 

WASHINGTON 

WASHINGTON 

FOND DU LAC 

Ground Water Resources 
The Milwaukee River watershed i s  richly endowed 
with ground water resources. Ground water i s  
the source of water supply for many industries 
and for approximately 15 percent of the 543,790 
people who reside in the watershed. The amount 
of ground water stored in the rocks beneath the 
Milwaukee River valley i s  enormous and i s  esti- 
mated to exceed 1.5 x 1011 gallons. This is enough 
water to fill the largest lake in the watershed-Big 
Cedar Lake-nearly 15 times. In addition, ground 
water contributes approximately 23 billion gallons 
annually to the flow of the Milwaukee River. 

The rock units within the watershed differ widely 
in the yield of stored water. Rock units that 
yield water in usable amounts to pumping wells 
and in important amounts to lakes and streams 
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MAJOR STREAMS I N  T H E  M I L W A U K E E  K I V E R  WATERSHED- 1967 

' T O T A L  PERENNIAL S T R E A M  LENGTH A S  SHOWN ON U. S -  GEOLOGICAL S U R V E Y  
QUADRANGLE MAPS.  DOES N O T  I N C L U D E  M I L E S  THROUGH LAKES.  

b ~ t ~ ~ ~ ~  OF RIVER FROM ORIGIN T O  L A K E  M I C H I G A N .  

COUNTY 

SHEBOYGAN 
O L A U K E E  AND W A S H I N G T O N  
W A S H I N G T O N  
SHEBOYGAN 
FOND D U  L A C S  SHEBOYGAN, AND 

W A S H I N G T O N  
W A S H I  NGTON 
WASH1 NGTON 
SHEBOYGAN 
H I  LWAUKEE 
WASH I NGTON 
W A S H I N G T O N  
FOND D U  L A C  
M I L W A U K E E  
W A S H I N G T O N  
SHEBOYGAN 
FOND D U  L A C ,  M I L W A U K E E q  

O Z A U K E E r  AND W A S H I Y G T O N  
SHEBOYGAN 
W A S H I N G T O N  
SHEBOYGAN 
W A S H I N G T O N  AND O Z A U K E E  
SHEBOYGAN, WASHINGTON, AND 

O Z A U K E E  
OZAUKEE 
k A S H  I NGTON 
SHEBOYGAN 
k A S H 1  NGTON 
WASHINGTON,  F O N D  D U  L A C *  AND 

SHEBOYGAhJ 
FOND D U  L A C  
WASHINGTON 
F O N D  D U  L A C  AND SHEBOYGAN 
F O N D  D U  L A C  AND W A S H I N G T O N  

NAME 

B A T A V I A  CREEKo.o...*ooo0.o...,.,, 
CEDAR C R E E K . ~ ~ ~ . ~ . . - ~ ~ . . ~ ~ . o ~  
CEDARBURG C R E E K o o . . o o o . o o . - . o o o o o  
CHAMBERS C R E E K o ~ o ~ ~ o o o o . - . o . o o t t o  

E A S T  B R A N C H  M I L W A U K E E  R I V E R * o o o . o  

ENGMON C K E E K . ~ ~ . . ~ . ~ . . ~ ~ . ~ ~ . ~  
E V E R G R E t N  C R E E K . * . - o o o o . o . o o o m  
G O O S E V I L L E  C R E E K ~ * . ~ . o ~ o ~ ~ o ~ o ~ ~  
I N D I A N  CREEKo.~.oo..*---.oo.t..oo 
K E k A S K U M  C K E E K . ~ - o ~ . ~ . ~ o ~ ~ . o ~ ~ ~ . I ~  
K K E S S I N  BRODK.o*....oo..o-ooo-oo. 
L A K E  F I F T E E N  C R E E K - . - - . . o ~ . . o o o . o  
L I N C O L N  C R E E K ~ ~ - o ~ ~ ~ ~ ~ ~ o . ~ . . . ~ .  
L I T T L E  CEDAR C R E E K I ~ . ~ , , . . . . ~ . ~ ~ ~  
M E L I U S  C R E E K o e . o o o . . o o r . o . . . r . . + .  

b M I L W A U K E E  R I V E R  -o.ooo.o-oo-.oo.. 

M I N K  C R E E K . ~ . ~ o . . ~ . ~ ~ ~ ~ ~ ~ . . ~ .  
MYKA CKEEKIo..........o.o.,.,. 
N I C H O L S  CREEKoooo-..oo*..o.---ooo 

N O R T H  BRANCH CEDAR C R E E K o o o . o . o o o  
N O R T H  BRAWCH M I L W A U K E E  R I V E K o o - 0 .  

P I G E O N  C R E E K o o ~ * . ~ . . ~ . ~ . ~ ~ ~ . . . w  
QUAS C R E E K ~ ~ . . ~ . . - ~ o ~ ~ - ~ ~ ~ ~ o o ~ o ~ o  
S I L V E R  CREEK....~.-......o.~.~.o. 
S I L V E R  CREEKI...........~..t.o... 
STONY C R E E K . . . . ~ O . . . ~ . . , . ~ ~ ~ . . . . ~  

V I R G I N  C R E t K ~ . - ~ . ~ ~ . o ~ ~ o . . . * . ~  
W A L L A C E  CKkEK......-......o..,.,. 
WATER CRESS CREEK.o...o.o-o.ooo.. 
WEST B R A N C H  M I L W A U K E E  RIVER....,. 

T O T A L . o . . . . o . . . * o . . . . . . . * . . o . . . o o  

SOU9CE-  W I S C O N S I N  DEPARTMENT O F  N A T U R A L  RESOURCES. 

LENGTH 
( M I L E S )  

5 - 0  
31.5 
3.0 
2 l 9 

14. 3 

1 5 
409 
1.8 
1.9 
6.4 
407 
7 l 4 
7.1 
6.0 
3.3 

101.0 

17.3  
2.6 
3.3 
703 

30.0 

2.4 
5.9 
7 0  1 
4.0 

10.0 

4.5 
8.6 
6.5 

2 0 - 1  

3 3 2 . 3  

a re  called aquifers. Three major aquifers exist 
in the Milwaukee River watershed; and these a re ,  
in order  from land surface downward: 1) the sand 
and gravel deposits in the glacial drift;  2) the 
shallow dolomite s trata  in the underlying bedrock; 
and 3) the Cambrian and Ordovician strata ,  com- 
posed of sandstone, dolomite, siltstone, and shale. 
Because s f  their relative nearness to the land sur -  
face, the f i r s t  two aquifers a re  sometimes called 
"shallow aquifers" and the latter,  the "deep aqui- 

fers ."  Wells tapping these aquifers a r e  referred 
to a s  shallow o r  deep wells, respectively. 

The occurrence, distribution, movement, use, and 
quality of these important ground water resources 
and their interrelationship with surface water 
resources and other elements of the planning 
study a r e  discussed in considerable detail in sub- 
sequent chapters of this report. 



FISHERY RESOURCE 

A high demand for fishing presently exists within 
the watershed even though the watershed supports 
only a limited fishery. Of the 2 1  major lakes 
within the watershed, only Mud Lake in Ozaukee 
County i s  considered incapable of supporting sig- 
nificant fish populations under existing conditions. 
Several other lakes experience periodic winter- 
kills but sustain a limited fishery nearly every 
year. The remaining lakes sustain a moderate 
fishery and must support the major proportion of 
the heavy fishing demand. 

Dominant fish species of lakes within the water- 
shed in order of importance to i ts  fishery include 
bluegill, largemouth bass, northern pike, walleye, 
bullhead, black crappie, yellow perch, and carp. 
Other fish species existing in the lakes and 
streams, but of lesser importance to the fisher- 
man, are pumpkinseed, warmouth, white sucker, 
and green sunfish. Nearly every lake capable of 
supporting a fishery has a fish population com- 
prised of northern pike, largemouth bass, blue- 
gill, and bullhead. Little Cedar, Long, Mauthe, 
Random, and Silver Lakes, however, support good 
walleye populations; and Big Cedar Lake supports 
a population of cisco. 

Stream fisheries are  limited in the watershed 
to only five major streams-the Milwaukee River 
and i ts  four tributaries-the East, North, and 
West Branches, and Cedar Creek. The Milwaukee 
River and i t s  main tributaries support fisheries 
of smallmouth bass, northern pike, bullheads, 
carp, and white suckers. Small populations of 
bluegills, black crappies, and walleyes are  also 
present in limited quantities. Cedar Creek has 
small populations of walleyes, panfish, and small- 
mouth bass and large populations of bullheads and 
carp. These streams have additional northern 
pike during the spring spawning migration period. 
The minor streams of the watershed support high 
populations of forage minnows and crayfish, with 
the exceptions of Water Cress Creek, Melius 
Creek, and the North Branch of the Milwaukee 
River above Cascade Pond. Water Cress Creek 
has a good population of brook trout, while the 
North Branch of the Milwaukee River and Nichols 
Creek have a limited number of brown, brook, 
and rainbow trout. Melius Creek i s  stocked with 
brown trout but i s  considered to be only a mar- 
ginal trout stream. Gooseville Creek has a natural 
population of brook trout but i s  stocked with brown 
trout, while Lake Fifteen Creek i s  stocked with 
brook trout. 

Lake fisheries are  sustained primarily by natural 
spawning areas within the lakes. Presently, there 
a re  adequate shallow weedbed areas available for 
fish spawning within most major lakes. Other 
factors, however, such a s  deteriorating water 
quality, fluctuating water quantity, and the lack 
of adequate boating regulations to protect spawn- 
ing areas,  tend to limit the effectiveness of these 
areas for natural spawning. In many instances, 
therefore, the natural lake fisheries must be sup- 
plemented with fish stocking operations. 

WILDLIFE 

Since the early settlement of the Milwaukee River 
watershed by Europeans, there has been a sharp 
decrease in the variety and quantity of wildlife. 
This i s  a loss not only to hunters and other 
sportsmen, but to the health and diversity of the 
total environment. An inventory of the present 
wildlife populations of the watershed was made 
to ascertain the need to protect this important 
element of the resource base. The remaining 
prime wildlife areas of the watershed are shown 
on Map 22 and are  summarized by value rating in 
Table 16. 

Mammals 
Mammals, common o r  fairly common in the less 
densely populated parts of the watershed, include 
white-tailed deer, cottontail rabbit, gray squirrel, 
fox squirrel, muskrat, mink, weasel, raccoon, red 
fox, gray fox, skunk, and opossum. The first  four 
listed above a re  considered game mammals, while 
the balance a re  fur-bearing mammals. 

In the watershed the greatest number of deer 
inhabit the larger wooded areas of the kettle 
moraine. The larger wooded and shrub swamps 
a re  also utilized by the deer, especially in snowy 
winters. It i s  estimated that there a re  2,400 to 
3,000 deer within the watershed, the higher figure 
including the new fawn crop. The cottontail rabbit 
i s  abundant throughout the watershed, even in 
urbanized areas;  and rabbit hunting and observa- 
tion are  enjoyed by many. Similarly, there i s  also 
an abundance of gray and fox squirrels in the 
watershed. The gray squirrel i s  primarily found 
in dense mixed hardwood forests, while the fox 
squirrel i s  characteristic of the more open woods 
and countryside. Both require trees of some 
maturity because the natural cavities in such 
trees are  of considerable importance for rearing 
of young and winter protection. 
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W I L D L I F E  H A B I T A T  AREA I N  THE M I L H A U K E E  R I V E R  kATERSHED- 1967 

SCURUE- W I S C O N S I N  DEPARTMENT OF NATURAL RESOURCES* 

CCUNTY 

CCDGE-o*.o.-o 
FCNC CU L A C + .  
OZAUKEE- . . - * r  
SHEBOYGAN--.a 
WASHLNGTCN.** 

TOTAL 

Although there a re  no detailed data on the actual 
number of fur-bearing mammals in the watershed, 
rough population estimates for the fall of the year 
set the number of muskrats at about 25,000; mink 
at  2,000; raccoon at  5,000; and red and gray fox 
at  2,000, most of which are  red fox. 

The muskrat is the most abundant and widely dis- 
tributed fur-bearing mammal in the watershed and 
brings the greatest economic return to trappers. 
Any significant water area in the watershed may 
attract muskrats. Lakeshores, marshes, small 
ponds, and the banks of rivers, creeks, and drain- 
age ditches provide good homesites for muskrats. 
In marshes the familiar muskrat house contributes 
a certain amount of interest to the landscape. 
These houses are  also used by other wildlife. 
Waterfowl make use of the houses as  'tloafing,lt 
o r  protective, areas and to a lesser extent for 
nesting. Mink and raccoon use muskrat houses as  
denning areas. Preservation and improvement of 
muskrat habitat would, therefore, automatically 
benefit waterfowl, the mink, and the raccoon. 

The raccoon is usually associated with the wood- 
land areas of the watershed; however, much of 
the raccoon's food i s  water-based, so i t  makes 
much transient use of wetland areas. Raccoon 
hunting with dogs i s  considered an important sport 
within the watershed. Both the red and gray fox 
a re  common in the watershed. The red fox is 
more characteristic of mixed habitat and farm- 
land, while the gray fox inhabits hilly, wooded 
areas. Many people a re  tolerant of the fox due 
to i ts  aesthetic appeal, while others, less well 
informed, consider i t  a marauding threat to other 

TOTAL 

185 
19,834 
12 t 529 
6 r 895 
28 9 219 

67 r 662 

W I L D L  I F E  H A B I T A T  {ACRES)  

wildlife. Ecologically, foxes a re  part of the natu- 
ra l  fauna and, therefore, have arole  in the balance 
of nature, a s  do all wildlife species. 

H I G H  
VALUE 

185 
1 2 , 3 6 7  
5,284 

883 
10,605 

29,324 

Skunks and opossums a re  common furbearers in 
the watershed; however, their pelts a re  of little 
commercial value. Both use woodland areas bor- 
dering farmlands for homes and venture into the 
wetlands in search of food. Both tend to become 
inactive in cold weather, although neither is 
a true hibernator. Skunks are  the major carr ier  
of rabies in Wisconsin. 

Birds 
Game birds which a re  found in the watershed 
include the pheasant, Hungarian partridge, wood- 
cock, jacksnipe, rail,  dabbling duck, diving duck, 
coot, and a variety of geese. Pheasant and Hun- 
garian partridge a re  upland game birds and pro- 
vide the best bird hunting. Waterfowl hunting is 
also good, a s  the watershed lies within the "Mis- 
sissippi Flyway. " 

PERCENT 
OF TOTAL 

1 C 0 
6 2 
4 2 
13 
3 8 

4  3 

The fall pheasant population within the watershed 
i s  estimated to total about 35,000. The pheasant 
population is annually supplemented by the release 
of state-propagated birds, consisting largely of 
cocks, through local cooperator clubs and on 
public hunting grounds. The Hungarian partridge, 
although less important than the pheasant a s  
a game bird, is abundant enough to be of interest 
to the public and sportsmen alike. The Hungarian 
partridge i s  a coveying bird sometimes seen in 
larger flocks in winter. Ruffed grouse occur in 
many wooded locations in the watershed but not 
in great numbers. The bobwhite quail have been 

M E D I U M  
VALUE 

-- 
5 r 877 
6, 267 
5.015 
11,273 

28? 432 

LOW 
VALUE 

-- 
1,590 
97 8 
997 

6 341 

9,906 

PERCENT 
OF TOTAL 

-- 
3 0 
5 0 
73 
40 

4 2  

I 

PERCENT 
O F  TOTAL 

-- 
8 
8 
14 
2 2 

15 



virtually eliminated within the watershed; how- 
ever, in a few areas,  the range potential still 
exists for their reintroduction. 

There i s  a significant production of waterfowl in 
the watershed, especially the mallard and the teal. 
The annual production of ducks averages about 
10,000. Migratory waterfowl populations, both 
spring and fall, vary greatly. The peak waterfowl 
population reaches about 50,000 birds annually, 
while the total migratory passage may be twice 
this amount. 

Other species of water-based birds within the 
watershed include the loon, heron, sandpiper, gull, 
plover, and tern. Amajor site for these species is 
Jackson Marsh on Cedar Creek, a s  well as  other 
wetland areas,  lakes, and streams. Because of 
the admixture of lowland and upland forest, mea- 
dows, and agricultural lands, along with favorable 
warm-season climate, the watershed supports 
many other species of birds, including the bald 
eagle, turkey vulture, hawk, owl, swallow, king- 
fisher, woodpecker, robin, whip-poor-will, and 
mourning dove. Pest  bird species of the water- 
shed may be considered to include the English 
sparrow, starling, and red-winged blackbird. 

EXISTING AND POTENTIAL PARKS 
AND RELATED RECREATION SITES 

An inventory of existing parks, outdoor recreation 
areas, and related open-space sites was conducted 
within the Region and the watershed during 1967. 
This inventory revealed that there a re  a total of 
186 park, outdoor recreation, and related open- 
space sites within the watershed, totaling 29,065 
acres. The distribution of these si tes by owner- 
ship category is shown in Table 17 and by county 
in Table 18. The geographic distribution thereof 
is shown on Map 23. 

Less than one-tenth of the total watershed acreage 
is in public park and recreation use. About 90 
percent of that publicly owned land is state owned, 
consisting of the large Kettle Moraine forest areas 
(Northern Unit), wildlife areas, and seven small 
park sites. The local government acreage, while 
small in comparison to the state acreage, consists 
mainly of intensively used parks and active out- 
door recreation areas within the urban centers of 
the watershed. 

The nonpublic recreation sites, consisting of pri- 
vate, organizational, and commercially operated 
recreation lands, account for about one-third of 

TABLE 17  

E X I S T I N G  P A R K *  OUTDOOR K E C K E A T I O Y s  AND R E L A T E D  OPEN-SPACE S I T E S  
AND ACREAGE I N  THE MILWAUKEE R I V E R  WATERSHED B Y  OWNEKSHIP CATEGORY- 1967 

SOURCE- WISCONSIN DEPARTMENT OF NATURAL RESOURCES AND SEWRPC. 

OWNERSHIP 

PUBLIC 
STATEooo.......o.. 
COUNTY.o-.ooo.oo.o 
CITY OR VILLAGE... 
TCWN...o....o.o.-. 

SUBTOTAL.o.....o 

NCNPUBL I C  
PRIVATEo.e...oo... 
0RGANIZATIONAL.o.. 
COMMERCIALo.....oo 

SUBTOTAL....oo.. 

TOTAL 

PERCENT OF 
TOTAL 

SITES 

7.4 
21.2 
39  0 7 

0 5 

68.8 

7.4 
11.6 
12.2 

31.2 

100.0 

NUMBER OF 

ACREAGE 

77.1 
7 6 
1.6 
0.1 

86  4 

4 8 
5.2 
3.6 

13.6 

1 0 0 * 0  

SITES 

14 
4 1 
7 1 

1 

127 

14 
2 2 
2 3 

59 

186 

ACRES 

22.402 
2,196 

519 
3 

25 ,120 

1,385 
1,517 
1 ,043 

3,945 

29.065 

PERCENT OF 
PUBLIC 

PERCENT OF 
NONPUBLIC 

SITES 

10.8 
30.8 
57.7 

0.7 

100.0 

-- -- -- 
-- 
-- 

SITES 

- - -- 
- - 
- - 
- - 

23.7 
3703 
39.0 

100.0 

- - 

ACREAGE 

89.3 
8.7 
1.9 
0.1 

100.0 

-- -- 
-- 
-- 
-- 

ACREAGE 

-- 
-- 
-- 
-- 
-- 

35.1  
38.5 
26.4 

100.0 

-- 



TABLE  18 

E X I S T I N G  PARK* OUTDOOR RECREATIONI AND RELATED OPEN-SPACE S I T E S  AND 
ACREAGE I N  THE MILWAUKEE R I V E R  WATERSHED B Y  OWNERSHIP CATEGORY BY  COUNTY- 1967 

SOURCE- WISCONSIN DEPARTMENT OF NATURAL RESOURCES AND SEWRPC. 

the number of sites in the watershed but for only 
13 percent of the acreage. Over one-third of the 
nonpublic acreage, o r  1,517 acres, is owned by 
organizations such as  church groups, Boy Scouts 
and Girl Scouts, and hunting clubs who main- 
tain a number of recreational camps. Nearly 
1,050 acres  are  operated on a profit-making com- 
mercial basis. 

OOCGE 
COUNTY 

OWNERSHIP 
S ITES ACRES 

An inventory of potential park and related open- 
space si tes was conducted within the Region 
during 1964 and within the out-of-Region portion 
of the Milwaukee River watershed during 1967. 
The results of these inventories with respect to 
the watershed a re  summarized in Table 19. Of 
the 131 si tes identified (see Map 24) slightly less 
than one-half a r e  considered to be of high recrea- 
tional resource value. These high-value sites, 
however, do comprise over one-half of the total 
identified and delineated potential park site acre- 
age. In general, the study revealed that the Mil- 
waukee River watershed has some of the best 
remaining recreational resources in the Region, 
including areas within, and in close proximity to, 
the Kettle Moraine State Forest in Fond du Lac, 
Sheboygan, and Washington Counties. 

PUBLIC 
STATE............ 
COUNTY........... 
C I T Y  OR VILLAGE.. 
TCWN....-.--..... 

SUBTOTAL 

hCNPUeLIC 
PRIVATE.......... 
ORGINIZATIONAL.. 
COMMERCIAL....... 

SUBTOTAL 

TCTAL 

ENVIRONMENTAL CORRIDORS 

FOND DU LAC 
COUNTY 

One of the most important tasks which was com- 
pleted as  part of the regional land use planning 
effort was the identification and delineation of 
those areas of the Region in which concentrations 
of scenic, recreational, and historic resources 
occur and which, therefore, should be preserved 
and protected. Such areas include those elements 

SITES 

-- 
2 -- 
3 

2 
4 
1 

7 

1 0  

-- -- -- -- 
-- 

-- . - -  -- 
-- 
-- 

T A B L E  19 

ACRES 

1 8 . 8 0 5  -- 
1 6  -- 

8.821 

1 1 6  
3 9 0  
1 5 6  

6 6 2  

9.483 

MJLWAUKEE 
COUkTY 

-- 
-- 
-- 
-- 
-- 

-- -- 
-- 

-- 
-- 

P O T E N T I A L  PARK S I T E S  AND ACREAGE I N  
THE  M I L W A U K E t  R I V E R  WATERSHED BY 

COUNTY AND VALUE CATEGORY- 1967 

SITES 

1 
3 5  
3 9  -- 
7 5  

7 
1 
6 

1 4  

8 9  

ACRES 

1 
1.741 

1 7 7  -- 
1.919 

5 6 6  
2 4  
5 0  

6 4 0  

2,559 

SOURCE- WISCONSIN DEPARTMENT OF NATURAL RESOURCES AN0 SEWRPC. 

OZAUKEE 
COUNTY 

COUNTY 

OOOGE.......... SITES 
ACRES 

FOND OU LAC.... SITES 
ACRES 

MILWAUKEE...... SITES 
ACRES 

OZAUKEE..,..... SITES 
ACRES 

SHEBOYGAN,..... SITES 
ACRES 

WISHINGTON..... SITES 
ACRES 

TOTAL-......... SITES 
ACRES 

of the natural resource base which a re  essential 
to the maintenance of both the ecological balance 
and natural beauty of the watershed and include 
lakes and streams and their associated flood- 
lands, wetlands, forests, woodlands, wildlife habi- 
tat areas,  high-relief topography, and significant 
geological formations. Although the foregoing ele- 
ments comprise the integral parts of the natural 
resource base, there a re  certain additional ele- 
ments which, although not a part of the natural 
resource base per se,  are  closely related to, o r  
centered on, that base. These additional elements 
include existing outdoor recreation sites, poten- 
tial outdoor recreation and related open-space 
sites, historic sites and structures, and signifi- 
cant scenic areas and vistas. 

SITES 

5 
4 

1 5  -- 
2 4  

3 
8 
5 

1 6  

4 0  

SHEBOYGAN 
COUNTY 

WASHINGTON 
COUNTY 

ACRES - - ~ ~ - ~ ~ ~ - ~ ~ ~  

l r O O 2  
3 5 3  

8 5  -- 
1.440 

6 2 4  
3 9 2  
1 0 9  

1.125 

2.565 

S ITES 

1 
1 
3 -- 
5 

-- 
-- 
-- 
-- 
5 

SITES 

6 
1 

1 2  
1 

2 0  

2 
9 

11 

2 2  

4 2  

WATERSHED 
TOTAL 

SITE VALUE 

ACRES 

8.211 
2 

5 6  -- 
8.269 

-- 
-- 
-- 

-- 

8.269 

ACRES 

4.383 
1 0 0  
1 8 5  

3 

4.671 

7 9  
7 1 1  
7 2 8  

1.518 

6,189 

S ITES 

1 4  
4 1  
7 1  
1 

1 2 7  

1 4  
2 2  
2 3  

5 9  

1 8 6  

HIGH 

-- -- 
3 

435 

-- 
-- 

20 
4.582 

10 
1.673 

26 
6.096 

59 
12.786 

ACRES 

22.402 
2,196 

5 1 9  
3 

25.120 

1.385 
1,517 
1.043 

3.945 

29.065 

MEDIUM 

-- -- 
4 

228 

1 
290  

7 
1.750 

11 
1.627 

I 1  
1.556 

34  
5.451 

LOU 

-- -- 
5 

224 

-- 
-- 
1 4  

1,315 

4 
142 

15 
21017 

3 8 
3.698 

TOTAL 

-- -- 
12 

887 

1 
290  

4 1 
7.647 

2 5 
3.442 

52 
9.669 

1 3 1  
21.935 



LEGEND 

puaLlc 

NON-PUBLIC 

. . . ~ -  -~ 

EXISTING WRK. OUTDOOR RECREATI0N.AND RELATED OPEN-SPACE SITES 
IN THE MILWAUKEE RIVER WATERSHED 



LEGEND 

ENVIRONMENT& CORRIDOR 

POTENTIAL PARK SITES 

@ HIGH MLUE 

@ WEDlUM VALUE 

Q LOW VALUE 

POTENTIAL PARK SITES 
IN THE MILWAUKEE RIVER WATERSHED 

Source: Wisconsin Department of Natural Resources and SEWRPC. 



The delineation of these natural resource and 
natural resource-related elements on a map of the 
watershed results in an essentially lineal pattern 
encompassed in narrow, elongated areas which 
have been termed "environmental corridors" by 
the Commission. Primary environmental corri- 
dors which encompass three o r  more environ- 
mental elements are  shown on Map 25. These 
primary environmental corridors occupy approxi- 
mately 157 square miles, o r  23 percent of the 
total watershed area. Most of the primary envi- 
ronmental corridors within the watershed lie in 
the Kettle Moraine area, surrounding major lakes, 
and along major stream valleys. 

It i s  important to note that the primary envi- 
ronmental corridors contain almost all of the 
remaining high-value wildlife habitat and forest 
areas within the watershed in addition to most of 
the wetlands, lakes, and streams and associated 
floodlands. These corridors also contain many 
of the best remaining potential park sites. The 
preservation of these corridors in a natural state 
o r  in park and related open-space uses, including 
limited agricultural and county estate uses, will 
serve to maintain a high level of environmental 
quality in the watershed and protect i ts  natural 
beauty. 

The existing land uses within the primary envi- 
ronmental corridors include 6,554 acres of sur-  
face water; 46,884 acres of wetlands; 44,951 
acres of woodlands; 3,851 acres of unused lands; 
22,537 acres of cropland; and 1,397 acres of 
agricultural-related land. The primary environ- 
mental corridors within the watershed a re  more 
fully discussed in Chapter XIII of this report. 

Recent trends within the watershed have resulted 
in the encroachment of urban development into the 
primary environmental corridors. Unfortunately, 
unplanned o r  poorly planned intrusion of urban 
development into these corridors not only tends 
to destroy the very resources and related ameni- 
ties sought by the development but also tends 
to create severe environmental problems having 
areawide effects. 

SUMMARY 

This chapter has described the natural resource 
base of the Milwaukee River watershed which, 
together with the socioeconomic base, comprises 
the complex and changing environment of the 
rapidly urbanizing watershed. Certain natural 

resource factors have particular significance to 
the comprehensive planning study of the Milwau- 
kee River watershed, and these factors are sum- 
marized in the following paragraphs. 

The climate of the watershed i s  marked by diur- 
nal and seasonal extremes of the climatic ele- 
ments characteristic of a mid-continental region. 
Summers are hot, relatively short, and humid. 
Winters a re  relatively cold and long. Winter sea- 
sons occasionally give way to a mid-winter thaw 
in January, but the spring thaw occurs in late 
March o r  early April. 

The topography of the watershed is marked by 
gently rolling hills with some interspersed flat 
terrain. Local relief i s  usually less than 100 feet. 
Relatively recent glacial deposits overlie the 
older bedrock formations; and, a s  a result of the 
recent glacial action, the surface drainage pat- 
tern i s  youthful and poorly developed. Stream 
density varies throughout the watershed, reflect- 
ing differences in the permeability of the surficial 
glacial deposits. 

The subsurface geology of the watershed is a par- 
ticularly important aspect of the resource base 
because of i ts  relationship to the available ground 
water supplies. Eight stratigraphic units which 
have a ground water supply significance have been 
identified from logs of wells drilled within the 
watershed. These can be grouped into three major 
ground water reservoirs o r  aquifers, which pro- 
vide nearly all of the water supply for indus- 
trial,  municipal, and private use within those 
portions of the watershed lying north of the 
Ozaukee-Milwaukee County line. 

Large a.reas of the watershed a re  covered by soils 
having severe limitations for urban development, 
particularly for  residential development without 
public sanitary sewer service. These problem 
areas for urban development, however, comprise 
much of the remaining area suitable for develop- 
ment of additional wildlife habitat, woodland, and 
outdoor recreational areas. 

Very little of the pre-settlement vegetation pat- 
tern remains within the watershed. This change 
i s  a testament to the profound effect of human 
influence upon the natural environment. Open 
prairie lands have been "turned under" by the 
plow; forests have been decimated for building 
materials, fuel, and to provide cropland area;  
and wetlands have been ditched and tilled to pro- 
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vide cropland area and filled to provide land for 
various urban uses. 

Lakes and streams a re  abundant in the watershed 
and, with the underground water reservoirs, pro- 
vide the singular most important natural resource 
values in the basin. There are  71 lakes in the 
watershed, ranging in size from three acres to 
932 acres and comprising a total of 4,170 acres 
of surface water area, o r  about 1 percent of 
the total watershed area. Wetlands, including 
significant wetland units of at least 50 acres in 
area, as  identified by the Wisconsin Department of 
Natural Resources, and additional minor wet- 
lands, as identified by the SEWRPC in the water- 
shed land use inventory, comprise a total of 
69,068 acres,  o r  about 15 percent of the water- 
shed area. Approximately 330 lineal miles of 
perennial streams exist within the watershed. 

Most of the 21 lakes in the watershed having 
a surface area of 50 acres o r  more support at 
least a limited fishery. Northern pike, largemouth 
bass, bluegill, and bullhead represent the major 
fish species present in these lakes. Only five of 
the major streams-the Milwaukee River and i t s  
four main tributaries, including the East, North, 
and West Branches, and Cedar Creek-support 
desirable fisheries under present conditions. 

As a consequence of the decrease in woodlands 
and wetlands, the wildlife population within the 
watershed has decreased with increased urban 
development. The mammal and bird species once 
abundant to the watershed have diminished in type 
and quantity, due to the complex effects of urbani- 
zation and changing land use. 

Approximately 29,065 acres,  o r  about 7 percent 
of the watershed area,  are  devoted to park, out- 
door recreation, and related open-space use, 
including both publicly and privately owned sites. 
There a r e  131 identified potential park sites in 
the watershed, comprising about 21,935 acres,  
o r  nearly 5 percent of the watershed area. Of 
the total 131 sites, 59 sites, totaling 12,786 
acres,  are rated as  having high-value recrea- 
tional resources. 

The delineation on a map of those elements of the 
natural resource base which a re  essential to the 
maintenance of both the ecological balance and 
the natural beauty of the Region, including the 
lakes and streams and their associated flood- 
lands ; the wetlands, woodlands, and associated 
wildlife habitat areas;  and the high relief topo- 
graphy; significant geological formations; and 
areas of wet o r  poorly drained soils, results in 
a pattern of essentially lineal corridors. These 
lineal corridors, because of their relationship 
to the underlying and sustaining natural resource 
base, have been termed environmental corridors. 
Such corridors which encompass three o r  more 
environmental elements have been termed pri- 
mary environmental corridors; and such corri- 
dors occupy approximately 157 square miles, o r  
23 percent of the total watershed area. These 
primary environmental corridors contain almost 
all of the remaining high-value wildlife habitat and 
woodland areas within the watershed, in addition 
to most of the wetlands, lakes and streams, and 
associated floodlands. These corridors also con- 
tain many of the best remaining potential park 
sites. The preservation of these corridors in 
a natural state o r  in park and related open-space 
uses, including limited agricultural and country- 
estate residential use, i s  essential to maintaining 
a high level of environmental quality in the water- 
shed and to the protection of i t s  natural beauty. 



Chapter V 

EXISTING STRUCTURES FOR WATER CONTROL AND USE 

INTRODUCTION AND OVERVIEW 

The Milwaukee River was an important source of 
power and a major artery of transportation for 
early settlers in southeastern Wisconsin. Settle- 
ments were located at natural waterfalls o r  rapids 
where water power could be developed to drive 
the machinery of mills that produced lumber, 
flour, woolens, and wood products. To harness 
the water, power dams were built across the Mil- 
waukee River and i ts  major tributaries beginning 
in the 1830's. The 48 dams presently existing in 
the watershed include many of these old power 
dams, as  well a s  lake level control structures. 
The use of all of these dams for power, however, 
has been discontinued, with the use for power of 
the last one, the Wire and Nail Factory Dam on 
Cedar Creek, having been discontinued in 1969. 

One of the dams, the North Avenue Dam in the 
City of Milwaukee, was originally built as  a part 
of a proposed major transportation facility-the 
Milwaukee and Rock River Canal. The approxi- 
mately one mile reach of canal completed below 
the Dam was later used a s  a millrace for water 
power, being finally abandoned and filled in. 
The alignment of the lower reaches of the Mil- 
waukee River channel was changed in 1857 to 
permit development of the r iver for Great Lakes 
ship traffic. During the present century, and 
particularly during the Works Progress Adminis- 
tration e r a  in the 19301s, channel straighten- 
ing, deepening, and stabilizing were undertaken 
along the Milwaukee River and major tributaries 
upstream from the North Avenue Dam. Also, 
numerous small drainage channel improvement 
projects were undertaken to drain wetlands and 
to control the ground water table in agricultural 
areas. Although these channel improvement works 
have significant local effects on flood flows and 
flood stages, the overall effect on the r iver is 
hardly measurable. 

The 48 dams presently located in the watershed 
were inventoried and visited by an inspection team 
drawn from the staffs of the Commission and 
Harza Engineering Company during the fall of 
1967, the summer of 1968, and again in the spring 
of 1970. During the course of these field inspec- 

tions, the hydraulic characteristics and physical 
condition of the structures were noted. In general, 
the existing dams were found to have little effect 
on high o r  low river flows and no significant 
potential for  flood control. The small ponds o r  
impoundments created by the dams afford scenic 
settings for shoreline developments and have 
a modest potential for  water-oriented recreation. 
Some ponds have a minor potential for  emergency 
use for low-flow augmentation. 

All of the dams in the watershed a re  relatively low, 
having a height of 25 feet o r  less, and impound 
only small volumes of water. Therefore, failure 
of a dam generally would not be expected to result 
in significant damage, the most serious conse- 
quences of the failure being the unaesthetic condi- 
tions resulting from the drainage of the reservoir. 
It i s ,  however, conceivable that locally serious 
loss of property and even loss of life could occur 
with the failure of one of the larger structures. 
For this reason, several of the larger dams in 
the watershed require more detailed engineering 
investigation to determine the need for repair and 
the character of the needed repair. 

The 48 dams in the Milwaukee River watershed 
a re  located a s  shown on Map 26 and control water 
levels of both natural lakes and man-made ponds. 
Natural lakes are  located on the extreme head- 
waters of some of i ts  major tributaries. Man- 
made impoundments a re  located throughout the 
watershed. The 11 lakes which are  controlled by 
dams a re  considerably larger than most of the 
man-made ponds and impoundments, ranging in 
size from a maximum of 932 acres for  Big Cedar 
Lake to a minimum of 35 acres for Erhler Lake 
(see Tables 20-A and 20-B). Six of the 11 natural 
lakes have a surface area  larger than 100 acres, 
and nine of the 11 have a surface area larger than 
50 acres. The 37 man-made impoundments located 
on the Milwaukee River watershed vary in sur- 
face area  at normal r iver flows from a maximum 
of about 200 acres for the impoundment behind the 
Thiensville Dam to less than 0.1 acre for the 
Nature's Friends impoundment in the Town of 
Polk. Only two of the 37 man-made impound- 
ments-the ponds behind the West Bend and Woolen 
Mills Dams-are capable of providing any mea- 
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STRUCTJRE 

STRUCTURE NAME 
AN0 

R I V E R  M I L E  

BbRTON DAM 
1 6 8 . 2 6 1  

YCUVG AMERICA 
DAM 169.331 

KEWASKUM DAM 
1 7 6 . 8 6 1  

CAVPBELLSPORT 
0111 181.741 

H b M l L T O N  DAM 
1 2 9 . 0 7 )  

WIRE AND NAIL 
FACTORY OAM 
131.281 

COLUMBIA M I L L S  
o e r  1 3 1 . 5 9 1  

RUCK DAM 
1 3 2 . 3 2 1  

WOOLEN DAM 
1 3 2 . 6 5 1  

MAYFIELO DAM 
152.73)  

SCbWEITZER DAM 
154.231 

LENT DAM 
155.091 

T A E L E  2 C - A  ( C C 4 T I R U k D )  

l O E V T l F l C A T  

SEdHPC 
CONTROL 

VO. 

5 9  

5 6  

3 0  

6  

1 9 1  

1 8 7  

1 8 6  

1 8 3  

1 8 0  

l 6 2 A  

1 5 9  

L57A 

lOV 

H I S  
CNR 
NO. 

6 6 . 1  

66.2 

66 .17  

20.12 

45.3 

45.5 

45.2 

45.+ 

4 5 . 1  

66.5 

6 6 . 2 5  

6 6 . 2 9  
WAS 

66.6 

ACCESS 

STH-144 I N  
U t S T  BEND 

CTH-0 NEAR 
WEST RENO 

STH-28 AT 
KEWASKUM 

CTH-Y AT 
CAMPBELLSPORT 

CTH-0 AT 
HAMILTON 

SIH-57 A T  
CEDARBURG 

OFF STH-57 

COLUMBIA AYE. 
AT CEOARBURG 

B R I D L E  STREET 
I N  CEOARBURG 

SECONOARY 
ROAD AT 
M A Y F I E L D  

CTH-L 

CTH-C 

TJdV 
2AUGE 

AN0 
SECTION 

T l l N  
R I P E  
S t C  1  

T l l N  
RLOE 
SEC 2  

T 1 2 N  
R 1 9 E  
SEC 9  

T L j N  
R19E 

SEC 1 8  

T10N 
RZIE 

SEC 3 5  

TION 
R 2 l E  

SEC 2 b  

T l O N  
RZIE 

SEC 2 6  

TLON 
R Z l E  

SEC 2 7  

TLOV 
RZLE 

SEC 2 7  

T l O N  
R I P E  

SEC 1 3  

T l O N  
R19E 

SEC 1 4  

T ION 
R l 9 E  

SEC 1 5  

OWNER 

C I T Y  OF 
YEST BENO 

MARIAN 
KAHNT 

V I L L A G E  OF 
KEWASKUM 

ISADORE 
FLOOD 

DAVE 
UIHLEIN 

CEDARBURG 
WIRE ANO 
N A I L  CO- 

CEDARBURG 
WIRE AND 
N A I L  CO. 

CEDARBURG 
SUPPLY 
COMPANY 

C I T Y  OF 
CEDARBURG 

I V A N  KNOLL 

AMOR 
SCHWEITZER 

R.W. LENT 

TYPE 
OF 
DAM 

CONCRETE 

CONCRETE &NU 
EARTH 

STONE P I E R S  
WITH S T t E L  
PLATES 

GRASSED 
EARTH F l L L  

MASONRY ANO 
STONE n l T n  
SOME CON- 
CRETE I N  
WINGWALLS 

WOODEN C R I B  
FACED DOUN- 
STREAM W I T H  
C O N C R t l E  AND 
BACKFILLEO 
UPSTREAM 
WITH CLAY 
AND GRAVFL 

C R I B  TYPE 
WITH CON- 
CRETE FACINC 
DOUNSTREAH 
AN0 F l L L  UP- 
STREAM 

MASONRY AN0 
C R I B B I N G  

CONCRETE AND 
MASONRY 

S E R I E S  OF 4  
MORTARED 
ROCK FALLS 

E A R T H F I L L  

E A R T H F I L L  
W I T H  P R I V 9 T E  
ROAD ACROSS 
I T  

SPILLWAY 

TYPE 

CONCRETE OLEE 
WEIR. VERTICAL 
GAlES.  AND MLLL-  
RACE. 

CONCRETE W t I R  I< 
NORTHEAST CHAN- 
NEL. D I V E R S I O N  
STRUCTURt  I N  
SOUTHWtST CHAN- 
NEL H l T H  2  
STRUCTURES S t P -  
ARATED BY AN 8 6  
FODT I L L A N D .  

STEEL PLATES I< 
STEEL GULOES 
WITH A WALKHAY 
OVtR THE TOP. 

ROCKFLLL WkIR 
CAPPED W l T H  CON- 
CRtTE,  3 6  I Y .  
CMP P I P E  OUTLET. 

OVERFLOW O V E R  
E Y T I R E  DAM. 

DVtRFLdW OVER 
E Y T I R E  DAM. 

OVERFLOW O V t R  
ENTIRE DAM. 

OVERFLOW OVER 
W E I R  

OVERFLOW WEIR. 

OVERFLOW OVER 
t N T l R E  STRUC- 
TURE. 

CONCRETES 2  GATE 
BAYS h l T H  STOP- 
LOGS. 

CONCRETE STUP- 
LOGS 

D A l A  

APPROXI- 
MATE DATE 

OF CON- 
STRUCTION 

I d 4 b .  RE- 
B U I L T  I N  
1 9 0 8  

1 8 5 1 .  RE- 
8 U I L T  I N  
1 9 1 3  

I C I  1 9 3 2  

N.A. 

1023.  ~ t -  
B U I L T  I N  
1 0 0 1  

N.A. RE- 
B U I L T  
1 8 8 2  AN0 
l Y 3 0  

N.A. R t -  
BUILT IN 
1 8 8 1  AVO I 
1 9 1 4  

N.A. 

1864.  SE- 
B U I L T  I N  
1 0 8 1  

1852.  RE- 
B U I L T  I N  
1 9 5 4  

1 9 4 5  

1 8 4 5  AN0 
1 9 2 5  

STRUCTURE 

APPRUXIHATE 
S I Z E  

U E l K - L E N b T H i  
I 2 0  FT. 4  
G A T t S  EA. 4.5 
FT. BY 5  FT. 
LONI.. 10.5 
FT. M I L L R A C t  

WEIe-LENGTH= 
1 5 8  FT. WITH 
A 4.5 FT.  BY 
6.5 FT. SLOT. 
SUUTHdEST 
CHANNEL 
BRIDGE 1 2  FT. 
U I O t .  

3 BAYS EALH 
30 FT. WIDE 
EACH WITH 6  
GATtS.  

WEIR-LENGTH= 
1 0 8  FT. CLEAR 

W E I R - L ~ Y L T ~ =  
8 4  CT. M l L L  
CHANUtL  W I T H  
UPENlNG 4  F I .  
W I D t .  

h E I R - L t V G T H =  
8 0  FT. M I L L -  
RACt .  h I D T H =  
10.5 + T .  

WEIR-LENGlH= 
7 8  fir. MILL- 
RACE-*LOTH= 
12.5 FT. 

W t l R - L E N L T H =  
1 1 5  F I .  AbAN- 
DONtD 1 1  FT. 
P I L L R A C E  AND 
2 2  FT.  O I V I U -  
ING S t c T I u t ~  

WEIR-LENLTH= 
9 2  FT.  ABAN- 
DONED M I L L -  
RACE CLEAR 
WlOTH 9 FT. 

WIDTH OF 
CREST OF 
F A L L S  VARY 
FROM 8.5 CT. 
TO 2 0  FT. 

GATES-(21  
t A C H  5  FT.  
U I O E  

A BUX 10.7 
FT. CLEAR 
W l O i H  

HEAD 
IFT.1  

1 3  

7  

9  

1 2  

7  

2 6  

1 1  

1 0  

1 2  

LO 
FT. 

DROP 

LO 

5-10  

DRAINAGE 
AREA 

iSO.MI.1 

2 0 6  

2 0 4  

1 2 5  

5 4  

1 2 5  

1 2 5  

1 2 0  

1 2 0  

1 2 0  

2  3  

2 0  

2 0  

SURFACE 
AREA 

lACRESI"  

1 8  

3 4  

2 3  

1 0  

I 2  

3  

1 5  

6  

1 3  

<I 

8 

8 

DEPTH 
IFT-P 

7 

5  

8  

5 

7 

1 0  

7 

6 

5  

N.A. 

4  

7  

IMPOUNDMENT 

O R I G I N A L  
PURPOSE 

M I L L  
FLOUR AN0 F E t O  

FEED MILL 

G R l S T  M I L L  

N.A. 

FLDUR M I L L  

POWER TO RUN 
N A I L  M I L L  

FLOUR M I L L  

FLOUR M I L L  

WGOLEN M I L L  
T U R B I N t  POWER 

N.A. 

N.P. 

N.A. 

PURPOSE 
CURRENT 

CONTROL 
POVD LEVEL 

COYTROL 
POND LEVEL 

AESTHETICS 

AESTHETICS 

AESTHETICS 

WATER L E V E L  
CONTROL 

WATER LEVEL 
CONTROL 

WATER L E V E L  
CONTROL 

WATER L E V E L  
CONTROL 

AESTHETICS 

AESTHETICS 

AESTHETICS 



T d e L E  Z C - A  ( C C R T I N U E D )  
STRUCTURE l O t V T l F l C A T l O V  1 SIRUCTURE DATA 

r o w 1  
STRUCTURE N A M t  SEWRPC WIS RAVGE 1 R E  AN0 M E  c o o  1 E N  ACCESS 

1 I IMPOUNOMENT 1 I 
I TYPE I I I M A T E ~ O A T E  

SPILLWAY 1 
APPROXI- 

ORAINAGE SURFACE 
CURRENT  ORIGINAL^ IFT.I ISR.MI.I IACRESI" 1 ~ 1 . 1 ~  PURPOSE PURPOSE 1 

LAKE LEVEL LAKE L E V E L  
CONTROL CONTROL 

APPROXlMATt  OF CON- 
OWNER TYPE 1 S I l E  1 lBbB STRUCTION 

WASHINGTON CONCRETE CONCRETE BASE WLIR-LENGTH= 
COUNTY F I S H  W I T H  STOPLOGS. 2 0  FT. CLEAR 
AN0 GAME 

L I T T L E  CEOAR 1 L A K E  OUTLET 1 1 5 4  1 bb.lol iil;3 1 L:hV;+;-;OAO 

1 5 7 . 4 0 1  
PROTECTIVE 
ASSOC. 1 I I 

CONCRETE I CONCRETE OUTLET 1 UEIR-LENGTH= I I 8 9 4  

cn. 
2 0  FT.  

B I G  CEDAR LAKE 
OUTLET 1 6 0 . 2 9 1  

LAKE LEVEL 1 CONTROL 
LAKE LEVEL 
CONTROL 

CONTROL 

COUTROL 

1 5 1  

- 

N.A. 1 W W R E ' S  ( 2 6 1  ( b b . 2 7 1  ;;;; 1 S l w b o  
F R I E N D S  DAM 
I O N  TRIBUTARY TO SEC 1 4  

POWER TO RUN 
SHOE FACTORY 

SHORELINE ROAD 
EAST S I D E  OF 
LAKE 

66.8 

GOOSEVILLE OAfi ( " 5  5 1 :;;: 1 ;;;;;Ml;;;€ET, 
1 6 1 . 3 4 1  

SEC 1 7  

T l l N  
R 1 9 E  

S t C  3 2  

E A R T H F I L L  :::::' 1 I 
LOGS AND 4 
T IMBER M I L L R A C E  I 

GASCAGE DAM 
1 6 9 . 7 0 1  

ERhLER LAKE OAM 
I T R I B U T A R Y  14 
NCRTH BRANCH1 

MILLRACE AN0 OUE BAY 
1 0  F r .  CLEAR, 
M I L L R A C E  13.5 

I N L E T S  CONNECTED 
BY P I P E  1 3  FT. 
DIAMETER)  

AATER LEVEL 
CONTROL 

LAKE CONTROL L E V E L  

9 3  

2 6 2  +K CONTROL LEONARD SMALL CON- +, CRETE I N L E T S  DROP 

59.1  

66 .28  

4 
R Z L E  

SEC 2 0  

T l Z N  
RZOE 

S t C  2 7  

I I I I I I 

CTH-NN 

CTH-A FROM 
WAUBEKA 

EHNE LAKE DAM 
( T R I B U T A R Y  OF 
NCRTH BRANCHI' 

I I I 

PONDS EAST OF 1 E H m  LAKE DAM' 1 

L I I I 

2 6 4  1 66.2" ;:;; " + I 4 4  

SEC 2 9  

2 6 3  5 CONCRETt 

HAROLO H. 
EMCH 

N.A. N.A. 

STEEL P I P E  

66 .20  N.A. 1 8  

MALLACE LAKE DAML rn 
T l Z N  
RZOE 

SEC 2 9  

1 5  N.A. 

5 

2 6 5  1"".91 ill: 1 CTH-MY 

SEC b 

AESTHETICS 

CONCRETE 

S T H - I 4 4  

SMALL 
PONDS 

3 TOTAL 

CONCRETt 1 LENGTH-3-112 I I 9 5 9  1 1.5 
FT. 

BOLTONVILLE 
SPORTSMEN'! 
CLUB 

ARTHUR J. 
EHNE 

N.A. 

I  I U I 

1 2  L A K E  LEVEL 
CONTROL 

E A R T H F I L L  

B O L T O N V I L L E  DAM 
ISTONEY C R t L K  
TRIBUTARY TO 
NCRTH BRANCHI' 

Nth- 

2 6 6  66 .16  T l Z N  S T H - I 4 4  NEAR 1 :?:E9 I """VILLE 

AESTHETICS 

CONCRETE AN0 
E A R T H F I L L  

CONCRETE S P I L L -  W E I R - L t N L T H =  N.A. R t -  N.A. 
WAY AVO LOW 1 I5 FT. 1 WlJkT I N  1 
LEVEL OUTLET 
P I P E  

6 

3 

3 

8 

CONCRETE 

I I I I I 

CULVERT 4 FT. 

2 1 3  

1 1 0  

9 

3 

RANDOM LAKE OAM 
( S I L V E R  CREEK 
TRIBUTARY TO 

TOMHAR DAM 5 9  2 5  T l 4 N  STH-28 NEAR ( { L A K E  E L L E N I c  1 1 - ( R 2 I E  ( CASCADE 
SEC 3 1  

CASCADE 
SAND AND 
GRAVEL CO. 

FOREMOST 
O A I R I E S .  
INC. 

1 9  

4 8  

N.A. 

3 

1 2 4  

D I K E  AND 
CONCRETE 
CULVERT 

E A R T H F I L L  

TUO P l P t S  1 5  FT. CULVERT WITH 1 9 2 9  
LONG M I T H  STEEL / T W O  l FT. Y1-  ( ( SLOTS. &METE* P I P E S  

1 
FLOUR M I L L  

I 

I 
LAKE LEVEL 

CCNTROL 

P O N D  LEVEL 
CONTROL 

AESTHETICS AN0 
RECREATION 

59.21  

AOELL CAM' 
1 0 2  1 - 1 ::;: 1 :;;;:7 NEAR 

SEC 2 

L A K E  L E V E L  
CONTROL 

L A K E  LEVEL 
CONTROL 

PONO L ~ V E L  
CONTROL 

AESTHETICS 
AND RECREA- 
T I O N  

SHECT P I L E  WEIR I 5  FT. 
SPILLWAY LONG h l T H  b 

T L 3 N  
R Z L E  

SEC 2 6  

CONCRETE 
W I T H  FOOT- 
BRIDGE 

C I T Y  PARK DAM 7 5  66.26 T l l N  STH-144 I N  C I T Y  OF 
[ S I L V E R  CREEK 1 1 1 9 1 REGNER PARK A" W k S l  BEND 
WEST BEN01 WEST BEN0 
1 6 7 . 3 8 1  

S T H - I 4 4  AT 
RANOCM LAKE 

CONCRETE S P I L L -  HEIR-LENGTH= 
WAY 1 FT. I I 

RANDOM LAKE 
RESORTERS 
A S S O C I A T I O h  

STONE DAM I 7 3  1 --' 1 :::. 1 1 C I T Y  OF I REGYER PARK WEST BEND 
1 6 7 . 5 1 1  SEC 11 

MASONRY A V-SHAPEU WEIR I L ~ N G T H  OF (N.A. 
CHORO 2 0  FT. 

CONTROL CONTROL 
66.24  r l l N  PARK ROAD NEAR R I D G E  RUN 1 b4 1 I R l 9 E  1 P I C K  CEMETERY TRUST 

SEC 1 5  

T IMBER AND 
F I L L  

CONCRETE W I T H  1 - L E N G T H  1 9 4 2  1 8 
WOODEN GATE TO 4 FT. 
BOX CULVERT 



'NO R I V E R  M l L E  ESTABLISHED.  

d~~~~ M I Y  BE THE WEST B E N 0  CARP POND I O € N T I F I E O  B Y  THE P U B L I C  S E R V I C E  COMMISSION AS STRUCTURE NO. 66.23. ALTHOUGH THE S E C T I O N  I S  11 I N S T E A D  OF 14. THE CARP POND COULD BE A SMALL POND 4 7  
THE JUNCTION OF S I L V E R  CREEK AN0 ENGMAN CREEK, A TRIBUTARY OF S I L V E R  CREEK. 

N - A - -  UNKNOWN OR I N F O R M A T I O N  I S  NOT R E A D I L Y  A V A I L A B L E .  

SOURCE- HARZA E N G I N E E R I N G  COMPANY AN0 SEURPC. 

TOUN 
RANGE 

AND 
SECTION 

T l l N  
R 1 9 E  

SEC 2 2  

T l l N  
R 1 9 E  

SEC 2 7  

T L 3 N  
R 1 9 E  

SEC 3 5  

T 1 3 N  
R 1 9 E  

SEC I 4  

T 1 4 N  
R I P E  

SEC 2 5  

T 1 3 N  
R 1 9 E  

SEC 1 3  

T l Z N  
R I P E  

SEC 1 6  

T 1 3 N  
R l 8 E  

SEC 2 6  

T 1 3 N  
RZOE 

SEC 1 3  

SURFACE 

DNR L A K E  

TAI!LE. 7 C - A  ( C C i t T I t \ U E O )  

STRUCTURE 

STRUCTURE NAME 
AN0 

R I V E R  M I L E  

LUCAS L A K E  DAM 
1 7 0 . 5 4 )  

S I L V E R  L A K E  DAM 
171 .931  

NEW FANE DAM 
I E A S T  BRANCH1 
1 8 0 . 4 8 )  

MAUTHE L A K E  DAM 
1 8 5 . 3 1 1  

OUNOEE OAM 
I L O N G  L A K E )  
192 .241  

UNNAMED DAM 
ICROCKEO L A K E  
CREEK T R l 8 U T A R Y  
TO EAST BRANCHI  
1 8 6 . 2 7 )  

UNNAMEO DAM 
I T R I B U T A R Y  OF 
MILWAUKEE R. 
l l 2  MI. SOUTH 
OF K E W A S K U M I ~  

SCHRAUTH'S 
H I L L  DAM 
( L A K E  B E R N I C E  
YEST BRANCH1 
185 .83)  

B A T A V I A  OAM' 

'AREA WHEN IMPOUNOHENT 

b~~~~~~~ DEPTHS 

ACCESS 

NEAR ACCESS 
ROAD TO G I R L  
SCOUT CAMP 

CTH-NN 

C T H - O O I N N E W  
FANE 

ACCESS ROAD TO 
HAUTHE LAKE 

C T H - F A T  
OUNOLE 

E A S T  S I D E  OF 
CTH-GGG 

1 1 2  M I .  h E S T  
ON CTH-H OFF 
OF USH-45  

1 1 4  MI .  SOUTH 
OF CTH-W 

STH-28 

APPROXIMATELY AT 

USE REPORTS ANO 

SEWRPC 
CONTROL 

YO. 

6 3  

b 2  

4 6  

3 8  

3 5  

4 2  

3 1  

2 4  

2 6 7  

OBTAINED 

OWNER 

G I R L  S C O U T S  
OF MILUAU-  
KEE 

S I L V E R  L A K E  
PROTECTIVE 
A S S O C I A T I O N  

ELMER 
Y A L L E I N  

WISCONSIN 
OEPARTHENT 
OF NATURAL 
RESOURCES 

LOYO MURPHY 

BAR N 
RANCH R I O -  
I N G  STABLES 

MYRON 
BELGER 

TOWN OF 
ASHFORO 

F R A N K L I N  
H E L D  

CREST UF OUTLET 

STREAM BED 

I O E N T I F l C A T I O N  

WIS 
ONR 
YO. 

66 .18  

b6.22 

20 .17  

20 .16  

20.7 

N.A. 

N.A. 

20 .9  

-- 

W L I E R  

FROM 

TYPE 
OF 
DAM 

EARTHFILL 
W I T H  CON- 
CRETE STRUC- 
TURE 

CORRUGATED 
METAL P I P E  
SET I N  ROAO 
EMBANKMENT 

E A R T H F I L L  
AND CONCRETE 
W I T H  M I L L -  
RACE 

CONCRETE 

CONCRETE AN0 
E A R T H F I L L  

S E R I E S  OF 4 
STRUCTURES- 
U P S T R t A M  LGW 
L E V E L  WOODEN 
FOOT BRIOGE- 
SPAN 2 4  FT. 
UOOOEN FOOT- 
BRIDGE AN0 
F I L L  W l T H  
OPENING-SPAN 
1 0  FT. WOOO- 
E N  FOOT- 
BRIDGE W l T H  
WOODEN WElR 
0.8 FT. H I G H  
& I 2  FT. 
LONG AN0 
CONCRETE 
U E l R  2 0  FT. 
LONG 

E A R T H F I L L  

E A R T H F I L L  
AN0 CONCRETE 
A N 0  MASONRY 
w l r n  ROAD- 
WAY OVER THE 
TOP. 

E A R T H F I L L  

STRUCTURE. 

PROFILES. 

S P I L L W A Y  

TYPE 

C G N C R E T ~  WEIR 
W I T H  STOPLOGS AT 
I N L E T  TO 8 0 1  
CULVERT. 

METAL b A T E  ON 
CONCRETE HEAO- 
U A L L  OF P I P E  

CONCRETE 8HOAO- 
CRESTED WEIR 

CONCRETE SLAB 
WEIR W I T H  WOOOEM 
FOUTBRlOGE 

CONCRETE U l T H  
FLOW OVER E N T I R E  
CREST AN0 N I L L -  
RACE CONTROL 
STKUCTURE 

( S E E  TYPE OF 
CAM D E S C R I P T I O N )  

CONCRErE W I T H  
STCPLOLS 

CONCRETE AN0 
MASONRY W I T H  
h 0 0 0 E N  GATES. 

TUG SPLLLWAYS-  
ONE I S  A CON- 
C R t T E  WEIR AVO 
THE OTHER I S  A 
RECTANCULAR CON- 
CRETE OUTLET 
WITH s roPLoc .  
PLANKS 

AREAS O B T A I N E D  FROM 

DATA 

APPROXI -  
MATE O A T t  

OF CON- 
STRUCTION 

1 8 8 6  
1 9 2 2 - 1 9 2 3  

1 9 3 6  

1 8 5 0  

N.A. 

1 8 5 7 .  RE- 
B U I L T  I N  
1 9 0 1  

N.A. 

I Y b 4  

1 0 4 0  AN0 
1 9 2 4  

1 8 5 7  AN0 
1 9 2 4  

REPORTS AVO 

STRUCTURE 

APPROXIMATE 
S I Z E  

u t l R - L E N G T H =  
5 FT. 

P I P E .  3 FT. 
I N  DIAMETER 

HEIR-LENGTH. 
4 7  FT. 

L E N G T H = 1 0 0  F T  

WEIR-LENLTH= 
3 4  FT.  

I S E t  TYPE OF 
DAM D t S C R I P T -  
I O N 1  

3 8 4 Y S  W I T H  
TOTAL C L t A R  
WIDTH OF 10.5 
FT. 

GATES-43  FT. 
X 5 F r t  AN0 
3 3  FT. X 6 F T  

CONCRETE WEIR 
- 1 5  FT. 
CONCKtTE OUT- 
L E T -  1.5 FT. 

ONR L A K E  USE 

HEAO 
1FT. I  

4 

<I 

8 

<I 

5 

2 

3 

9 

U E I R -  
2 FT.  

OUTLET-  
5 FT. 

MEASUREMENTS 

DRAINAGE 
AREA 

1SP.MI.I 

3 

4 

4 4  

3 6  

I 2  

11 

8 

3 1  

6 

ON 1 

SURFACE 
AREA 

I A C R E S I  

7 8  

1 1 8  

1 0  

7 8  

4 0 9  

0.5 

5 

3 3  

1 

I N C H  = 4 0 0  

CURRENT 
PURPOSE 

L A K E  L E V E L  
CONTROL 

L A K E  L E V E L  
CONTROL 

L A K E  L E V E L  
CONTROL AN0 
A E S T H E T I C S  

L A K E  L E V E L  
CONTROL 

L A K E  L E V t L  
CONTROL 

L A K E  L E V E L  
CONTROL 

L A K E  L E V t L  
CONTROL 

L A K E  L E V E L  
CONTROL 

L A K E  L E V E L  
COYTROL 

PHOTOGRAPHY. 

DEPTH 
IFT . )  

1 5  

4 5  

7 

2 3  

4 7  

N.A. 

N.A. 

I 2  

5 

F E E T  

IMPOUNOMENT 

O R I G I N A L  
PURPOSt  

L A K E  L E V E L  
CONTROL 

L A K E  L E V E L  
CONTROL 

G R I S T  M l L L  

L A K E  L E V E L  
CONTROL 

E L E C T R I C  POWER 
GENERATION 

L A K E  L E V E L  
CONTROL 

L A K E  L E V E L  
CONTROL 

SAW M l L L  

WATER 
POWER 

SCALE A E R I A L  



I h S P E C T I O N  R E S U L T S  OF CAPS A N C  C A K E  O U T L E T  CChTRCL S T R U C T U R E S  
I N  T P E  MILWAUKEE R I V E R  h A T E R S H E D -  1967 AND 1968 

I D E N T I F l C A T 1 3 Y  

MIS.  
DNR 
NO. 

40.2 

40.8 

40 .7  

45 .1  

45.9 

45.7 

45.8 

5 

66.7 

6 6 . 1 4  

STRJCTJRE 

STRUCTURE NAME 
A N 0  

R I V E R  M I L E  

NORTH AVENUE 04Mb 
1 3 . 1 0 1  

ESTABROOU PARK 
DAMb 16.651 

I C E  BOOM I N  EST- 
ABRCOK PARK UP- 
STREAM FROM CON- 
CRETE OAM 

KLETZSCH PARK 
DAM' 1 1 0 . 0 7 1  

T H l E N S V l L L E   DAM^ 
119 .611  

L I M E  K I L N  DAM' 
129 .721  

C H A I R  FACTORY 
 DAM^ 1 3 0 . 1 0 1  

GRAFTON DbMb 
130 .761  

YAUBEKA WEIR' 
1 4 5 . 6 1 )  

NEWOURG WEIR< 
154 .551  

1 6 5 . 1 9 1  

- 

TOWV 
R A N G t  

AND 
SECTION 

T 7 N  
R 2 2 E  

SEC 2 1  

T7N 
R 2 2 E  
SEC 5 

TBN 
R Z Z E  

SEC 2 0  

T 9 N  
R 2 l E  

SEC 2 3  

T l O N  
R Z l E  

SEC 2 5  

T l O N  
R 2 l E  

SEC 2 4  

TLON 
R 2 I E  

SEC 2 4  

T l 2 N  
R 2 l E  

SEC 2 8  

T l l N  
R 2 0 E  

SEC I 2  

T l L N  
R 1 9 E  

SEWRPC 
CONTROL 

NO. 

2 2 0  

2 1 4  
AND 
2 1 5  

2 1 3  

2 0 4  

1 9 5  

1 5 0  

1 4 9  

1 4 7  

1 4 1  

8 6  

SEC 1 3  7 / 3 1 / 6 8  

D L T E  
INSPECTED 

l l l 2 7 l 6 7  
A N 0  

7 / l O / 6 B  

7 / 1 0 / 6 8  

1 1 / 2 7 / 6 7  

7 / 1 0 / 6 8  

7 / 1 0 1 6 8  

7 / 1 0 1 6 8  

7 / l O / b 8  

1 1 / 2 8 / 6 7  

l l / 2 8 / 6 7  
AN0 

7 / 3 1 / 6 8  

1 1 1 2 7 1 6 7  
AND 

POOR 

DIFFERENCE 
OF WATER 

LEVELS I F T . ~  

1 7  

7 

4 

6 

1 0  

1 5  

1 6  

7 

3 

1 4  

AN0 D R I L L I N G  AND S E T T I N G  O B S t R V A T l O N  WELLS. THE SEEPAGE MAY BE 
DUE TO A CRACK AT THE UPSTREAM J U N C T I O N  OF THE L E F T  WINGUALL AN0 
DAM, SEEPAGE THROUGH F I L L .  OR SEEPAGE THROUGH THE L E F T  OOWNSTREAM 
T R A I N I N G  WALL. SOUNDINGS SHOULO BE MADE T O  CHECK EROSION OF 
CHANNEL AT THE APRON AT THE DOYNSTREAM E N 0  OF THE S T I L L I N G  B A S I N .  
FOLLOWING D E T A I L E D  I N V E S T I G A T I O N .  R E P A I R S  SHOULD RE MAOE. M A I N -  
TENANCE AN0 R E P A I R S  TO GATES SHOULD l N C L U D E  TRUNIONS AND COUNTER- 
WEIGHTS. WINGWALLS SHOULD BE REPAIRED.  WATER SHOULD NOT B E  AL- 
LOWED TO FLOW OVER THE TOP OF T A I N T E R  GATES. 

C O N D I T I O N  
OF DAM 

GOO0 

GOOD 

GOO0 

GOOD 

GOOD 

F A I R  

GOOD 

GOO0 

POOR 

F A I R  
TO 

RESULTP 

REMARKS 

F A L L I N G  WATER 0 1 0  NOT P E R M I T  I N S P E C T I O N  OF MASONRV AN0 DOWN- 
STREAM CONDIT IONS.  OVERFLOW SHOULD BE STOPPED TO P E R M I T  SOUNO- 
I N G  DOWNSTREAM FOR SCOUR AN0 I N S P E C T I O N  OF DOWNSTREAM MASONRY. 
AT L E A S T  FOUR CORE B U R I N G S  SHOULD B E  MADE THROUGH THE DAM FROM 
CREST TO FOUNDATION AND PRESSURE TESTED TO P E R M I T  CHECK OF THE 
SOUNDNESS OF THE MORTAR AND STRUCTURE. THERE I S  YEEO TO R E P A I R  
CRACKS AND UNDERMINING OF THE L E F T  DOWNSTREAM T R A I N I N G  WALL-  
GATES SHOULO BE M A I N T A I N E D  A N 0  OPERATED REGULARLY AND SEAL OF 
L A T E S  SHOULD BE CHECKED. 

THE STRUCTURE I S  I N  TWO PARTS ON EAST AN0 WEST CHANNELS. THE 
GATES SHOULO BE be. -" LNO KEPT OPERABLE. ALSO GATES SHOULD 
BE OPENED TC EVENLY D I S T R I B U l t  T L V *  AT LOW wATZR TO PREVENT POSS- 
I B L E  SCOUR. AN I C E  BOOM I S  LOCATED UPSTREPU O N  THE EAST CHANNEL. 

SOUNDINLS SHOULO BE MAOE DOWNSTREAM TO DETERMINE I F  ANY SCOUR I S  
OCCURRING. A T  LOW FLOW THERE IS TURBULENT RAPID FLOW WITH A 
STANDING WAVE JUST OOHNSTREAM FROM THE WEIR. 

THE C U N C R t T E  ON THE CREST AND DOWNSTREAM FACE OF THE DAM SHOULD 
BE R E P A I R E D  AS THE R E I N F O R C I N G  STEEL I S  EXPOSE0 ON T H E  CREST AND 
THE DOWNSTREAM FACE I S  DETERIORATING.  W I T H  THESE EXCEPTIONSI  THE 
UAM APPEARS TO B E  I N  GOOD CONDIT ION.  SOUNDINGS SHOULO BE MADE TO 
CHECK FOR P O S S I B L E  SCOUR. 

APPEARS TO BE FOUNDED ON LIMESTONE. M I L L R A C E  HAS BEEN F I L L E D  
W I T H  EARTH. SOUNOINGS SHOULD B E  MADE TO CHECK FOR EROSION-  

S P A L L I N G  OF CONCRETE ALONG WEIR CREST SHOULD BE REPAIRED. 

A PART OF THE WEIR H A 0  BEEN WASHEO OUT AT THE T I M E  OF THE NOVEM- 
BER 1 9 6 7  INSPECTION.  BY THE T I M E  OF THE J U L Y  1 9 6 8  INSPECTION.  
THE BREACH H A 0  BEEN F I L L E D  W I T H  ROUGH IRREGULAR CONCRETE. I T  WAS 
NOT O B V I O U S  I F  CONCRETE COVERED OTHER MATERIAL.  P I P I N G  AT THE 
R I G H T  ABUTMENT SHOULD BE I N V E S T I G A T E D .  S E A L I N G  MAY BE REPUIREO. 
THE M I L L R A C E  I S  OPERATED D U R I N G  LOW FLOW AND I S  I N  GCOD CONOI- 
TION. 

REASON FOR SEEPAGE THROUGH F I L L  ADJACENT TO L E F T  E N 0  OF S P I L L W A Y  
SHOULD BE I N V E S T I G A T E D  BY C U T T I N G  BRUSH TO EXPOSE DAY EMBANKMENT 

OF INSPECTION 

DEPTH OF 
OVERFLOW 

3 I N .  

NOT 
E S T I M A T E D  

NOT 
E S T I M A T E D  

1 IN. 
TO 

2 IN. 

2 IN. 
TO  

3 I N .  

1 I N .  
TO 

2 IN .  

2 I N .  

NOT 
E S T I M A T E D  

NONE 

NOT 
E S T I M A T E D  

CONDI -  
TION 

GOO0 

GOOD 

GOOD 

GOOD 

GOOD 

F A I R  

GOO0 

GOOD 

POOR 

F A I R  

SUMMARY 

SPILLWAY 

OPERA- 
BILITY 

YES 

YES 

NO 
CONTROL 

NO 
CONTROL 

NO 
CONTROL 

NO 
CONTROL 

NO 
CONTROL 

NO 
CONTROL 

NO 
CONTROL 

POOR 



T A P L E  3 C - P  ( C C h T I \ U t l z )  

STRUCTURE IDENTIFICATION S U M M A R Y  OF INSPECTION RESULTS' 

TOWN 
D I F F E R E N C E  

AND 
R I V E R  M I L E  OF WATER 1 Cg:DALAON mrrl B I L I T Y  UVERFLOW 

REMARKS 

WEST BEND DAM' 
1 6 6 . 9 2 1  

F A I R  I F A I R  I NOT 1 POOL DRAWN UOWY 4 TO 5 F E E T  I N  NOVEMBER 1 9 6 7 .  5OUNDINGS SHOULD 
E S T I M A T E D  BE MADE DOWNSTREAM TO CHECK SCOUR. 

5 9  1 6 6 . 1  1 1 l l / 2 8 / 6 1  
AND 

SEC I 8 / 1 / 6 8  

1 F A l R  F A I R  I POOR 1 1 I N .  1 CONCRETE S P A L L I N G  A T  CREST AND BOTTOM OF WEIR SHOULD B E  REPAIRED.  
GATE H O I S T S  NEED MAINTENANCE AND REPAIR.  SOUNDINGS SHOULD B E  
MAOE TO CHECK FOR SCOUR. 

NOT CONCRETt  B A D L Y  S P A L L E O  I N  SOME AREAS NEEDS MAINTENANCE.  STREAM 
CONTROL E S T I M A T E D  I S  D I V I D E D  I N T O  TWO MAJOR CHANNELS DOWNSTREAM. V E G E T A T I V E  GROWTH 

A T  UPSTREAM S I O E  OF WElR I N D I C A T E S  THAT FLOW I N F R E Q U E N T L Y  DVER- 1 1 T O P S  THE W E I R .  y SEC 9 GOOO 1 GOOD NOT THE S T R U C T ~ R E  GENERALLY APPEARS T O  BE IN GOOD CCNDITION. n o w -  
E S T I M A T E 0  EVER, L O C A L  O F F I C I A L S  REPORTED THAT C O N S I D E R A T I O N  I S  B E I N G  

G I V E N  TO D E V E L O P I N G  B E T T E R  S E A L  OF T H E  S T E E L  STOP P L A T E S  TO RE- 
DUCE LEAKAGE. 

I I I L I 

I H A M I L T O N  DAM' I 1 9 1  45.3 1 1 11:':/67 6 1 F A I R  
1 2 9 . 0 7 1  

SEC 3 5  7 / 1 0 / 6 8  

CAMPBELLSPORT 
~ ~ ~ ' 1 8 7 . 7 4 1  

I I I 

R I G H T  WINGWALL NEEDS R E P A I R .  THERE I S  SOME O E T E R l O R b T l O N  OF CON- 
CRETE OF THE L E F T  WINGWALL A N 0  CREST OF T H E  WEIR. T H l S  C O N D I T I O N  
SHOULD B E  REGULARLY I N S P E C T E D  TO O E T E R M I N E  WHEN R E P A I R S  MAY B E  
REPUIREO.  

W I R E  AND N A I L  I 1 8 7  45 .5  :;:: 1 1 / 6 1  1 2 4  1 POOR 
FACTORY DAM' 
1 3 1 . 2 8 1  SEC 26  7 l l O l 6 8  

6 SOUNDINGS SHOULD B E  MADE TO CHECK FOR SCOUR. GOOD 

I I I D U C T I O N  OF E L E C T R I C A L  POWER. T H E  OAH I S  A C R l B  STRUCTURE W I T H  A 
CONCRETE F A C I N G  DOWNSTREAM A N 0  C L A Y  A N 0  GRAVEL F I L L  UPSTREAM. 
S T A B I L I T Y  OF THE DAM I S  PROVIOEO BY T H E  C R l B  WHICH H A S  TO W I T H -  
STAND THE PRESSURE OF BOTH F I L L  A N 0  WATER. C O N O I T I O N  OF THE C R l B  
I S  NOT KNOWN. AT T I M E  OF I N S P E C T I O N .  T H E  OWNER U A S  P R E P A R I N G  TO 
UNDERTAKE R E P A I R  OF P I P I N G  THROUGH THE R I G H T  S I D E  OF THE DAM. A 
M E D I U M - S I L E O  TREE ON THE R I G H T  BANK SHOULD BE REMOVED. THE 
PLUNGE POOL SHOULD BE SOUNDEO FOR P O S S I B L E  SCOUR AT THE TOE OF 1 1 I T H E  DAM. 

20 .12  GOOD 

1 CONTROL 

NOT 
E S T I M A T E D  

E S T I M A T E 0  UPSTREAM S I O E .  C O N D I T I O N  OF T H E  C R l B  W H I C H  SUPPORTS T H E  STRUC- 
TURE I S  NOT KNOWN. THE CREST OF THE DAM I S  I N  BAD C O N D I T I O N  A N 0  
NEEDS OEWATERING. I N S P E C T I O N ,  A N 0  R E P A I R .  SOUNDINGS SHOULD B E  
MADE. 

T 1 3 N  
R 1 9 E  

SEC 1 8  

RUCK DAM' 1 1 0 3  ' 45 .4  :$:: 1 11:;:/67 1 1 3 2 . 3 2 1  
SEC 27 7 1 1 0 1 6 8  

GOOD THE U E l R  OVERFLOW S E C T I O N  APPEARS T O  B E  MASONRY OR C R I B B I N G .  1 C O F R O L  I I N  /HOWEVER, WATER I V P I N G I N G  ON DOWNSTREAM FACE C W L O B E  LEAKAGE. 
F L O h  SHOULO BE D I V E R T E D  TO P E R U I T  I N S P E C T I O N  OF T H E  DOWNSTREAM 
FACE. SOUNOINGS SHOULO BE UAOE. 

L l I 2 8 / 6 7  

WOOLEN DAM' 
1 3 2 . 6 5 1  

1 0  

- 

1 0  
FT. 

DROP 

1 2  

GOOD 

-- 
GOOD 

GOOD 

GOOD 

- 
GOO0 

NO 
CONTROL 

NO 
CONTROL 

1 1 2  I N .  I A N  I N S P E C T I O N  AND SOUNOINGS SHOULD B E  MADE T O  CHECK FOR P O S S I B L E  
E R O S I O N  ALONG THE R I G H T  BANK T R A I N I N G  WALL AND THE OOYNSTREAM TOE lor THE DAM. T H E  F O U N D A T I O N  OF THE DAM I S  APPARENTLY ROCK AS 
T H E R t  I S  AN OUTCROP DOWNSTREAU. 

R 1 9 E  
SEC 1 3  

F I E  D A M  1 1 6 2 1  
1 5 2 . 7 3 1  

I 

THE OWNER REPORTED T H A T  S E V E R A L  YEARS AGO T H E  C E 0 4 R  L A K E S '  CON- 
TROL STRUCTURES WERE OPENED T V I C E  WITHOUT AOVANCE HARNING,  AND 
THE EMBANKMENTS A B U T T I N G  THE S P I L L W A Y  WERE BREACHED. SOUNDINGS 

ISHOULO B E  MADE DOWNSTREAM FROM T H E  S P I L L W A Y  T O  CHECK FOR P O S S I B L E  

NOT 
E S T I M A T E D  

p?@F 66 .6  SEC 1 5  

T H l S  STRUCTURE I S  A S E R I E S  OF FOUR DROPS T O T A L I N G  I D  F E E T  OVER A 
D I S T A N C E  OF 8 0  FEET. THERE I S  NO IMPOUNOMENT, J U S T  VERY SMALL 
SHALLOW PUOLS AT EACH STEP. I T  WAS D E S I G N E D  AS A F I S H  HATCHERY. 

SCOUR. 



T A B L E  2C-8 (CC\TINUED) 

STRUCTURE I O E N T I F I C A T I O N  SUMMARY OF I N 5 P E C T I O N  RESULTSD 

STRUCTURE NAME 
A N 0  

R I V E R  M I L E  

L I T T L E  CEDAR 
L A K E  OUTLET' 
1 5 7 . 4 0 1  

B I G  CEDAR L A K E  
OUTLET' 160 .291  

NATURE'S  
F R I E N D S  OAM' 
I O N  T R I B U T A R Y  TO 
C E D A R  C R E E K I ~  

DATE 
INSPECTED 

1 1 / 2 7 / 6 7  

1 1 / 2 7 / 6 7  

7 / 3 1 / 6 8  

PONDS E A S T  OF 
EHNE LAKE  DAM^,^ 

WALLACE L A K E  
 DAM^.^ 

B C L T O N V I L L E  DAM' 
I S T O N E Y  CHEEK 
T R l 8 U T A R Y  T O  
NORTH  BRANCH^^ 

RANDOM L A K E  DAM' 
( S I L V E R  CREEK 
T R I B U T A R Y  TO 
NORTH B R A Y C H I  
1 6 4 . 9 2 1  

TOMBAR OAM' 
ILAKE E L L E N I ~  

A D E L L   DAM',^ 

CITY PARK OAM' 
[ S I L V E R  CREEK 
WEST B E N 0 1  
167 .301  

STONE DAM 
REGNER PARK' 
1 6 7 . 5 1 1  

SEWRPC 
CONTROL 

NO. 

1 5 4  

1 5 1  

2 6 1  

H I S .  
ONR 
NU. 

6 6 . 1 0  

66.8 

6 6 . 2 1  

TOWN 
RANGE 

AND 
SECTION 

T 1 0 N  
R 1 9 E  
S R  3 

T l l N  
R 1 9 E  

SEC 3 2  

T l O N  
R 1 9 E  

SEC 1 4  

D I F F E R E N C E  
OF WATER 

LEVELSIFT.) 

1.5 

2 

8 

2 6 4  

2 6 5  

2 6 6  

1 2 4  

111 

1 0 2  

7 5  

7 3  

6 6 . 2 1  

6 6 . 1 9  

6 6 . 1 6  

5 9 . 2 1  

5 9 - 2 5  

6 6 . 2 6  

- -  

REMARKS 

I H E  STRUCTURE I S  U S E 0  T O  CONTROL T H E  L E V E L  OF L I T T L E  CEDAR LAKE.  
* H I G H  1 5  A h A T U R A L  LAKE. 

THE STRUCTURE 1 5  USED TO CONTROL THE L E V E L  OF B I G  CEDAR L A K E -  

THE DAN I S  LSEO TO C R t A T E  AN OPEN A I R  SWIMMING PCOL 2 0  FT. 8 Y  5 0  
FT. THE HEADWALLS AND WINGWALLS AT T H E  P I P E  (2 .5  FT. D I A M E T E R I  
I N L E T  TO THE POOL ARE I N  N E E 0  OF R E P A I R .  

C O N D I T I O N  
O F D A M  

L O 0 0  

GOO0 

GOOD 

T l 2 N  
R2OE 

SEC 2 9  

T L L N  
RZOE 
SEC 6 

T l Z N  
R 2 0 E  
SEC 9 

T 1 3 N  
R Z l E  

SEC 2 6  

T L 4 N  
RZIE 

SEC 3 1  

T L 3 N  
R 2 L E  
SEC 2 

T l l N  
R l 9 E  

SEC 11 

T l l N  
R 1 9 t  

5EC I 1  

S P I L L W A Y  

7 / 3 1 / 6 8  

7 / 1 3 / 7 0  

1 1 / 2 8 / 6 7  

1 1 / 2 8 / 6 7  

4 / 2 / 7 0  

1 1 / 2 8 / 6 7  

1 1 / 2 8 / 6 1  

2 / 4 / 7 0  

D E P T H  OF 
OVERFLOW 

3 / 4  I N .  

3 I N .  

NOVE 

CONOI -  
TION 

GOOD 

GOO0 

GCOO 

OPERA- 
BILITY 

GOO0 

GOO0 

GOO0 

7 

0 

NOT 
REPORTED 

1 

0.5 

1.5 

NOT 
REPORTED 

NOT 
REPORTED 

GOO0 

GOO0 

GOOD 

GOOD 

GOO0 

GOOD 

GOOD 

GOO0 

GOO0 

GOO0 

GOOD 

GOO0 

GOO0 

GOOD 

GOO0 

GOO0 

GOO0 

GOO0 

L O U 0  

NO 
CONTROL 

NO 
CONTROL 

GUOO 

NO 
CONTROL 

NONE 

NOYL 

NOVE 

NONE 

1.5 FT .  
(IN P I P ~ I  

1 1 2  IN. 

1 I N -  

1 I N .  

GOO0 C O N D I T I O N .  SOME P I P I N G  NEAR S P I L L W A Y  T O  CREEK FROM LOWER 
POND. OWNER REPORTED A T  THE T I N E  OF I N S P E C T I O N  T H A T  H E  PLANNED TO 
D R A I N  THE P L O L  AND PUT SAND AND DOLYETHELENE ON THE 00TTOH. 

FLOW OCCURS ONLY I N  SPRING.  

CONCRETE CRACKED A T  DOWNSTREAM E N 0  OF T H E  R I G H T  BARREL. 

POND IMPOUNDED B Y  THE D A M  IS USED FOR SEWAGE TREATMENT. 

THE I A S O N 9 Y  OF THE UPSTREAM M A L L S  IS CRACKED S L I G H T L Y .  



STRUCTURE 

STRUCTURE NAME 
A N 0  

R I V E R  M I L E  

PICK DAM' 
1 6 9 . 9 6 1  

L U C A S  L A K E  DAM' 
1 1 0 . 5 4 1  

S I L V E R  L A K E  DAM' 
1 1 1 . 9 3 )  

NEW F A N E  DAML 
I E A S T  BRANCH)  
1 8 0 . 4 8 1  

MAUTHE L A K E  DAM' 
1 8 5 . 3 1 1  

OUNOEE DAM' 
I L C V G  L A K E 1  
1 9 2 . 2 4 1  

UhNAMEC DAM' 
ICROOKED L A K E  
CREEK T R I B U -  
TbRY TO EAST 
BRANCH)  
1 8 6 . 2 1 )  

UNNAMED DAM' 
I T R I B U T A R Y  OF 
M I L Y A U K E E  R. 
112 MI. s o u r n  
OF  K E W ~ S K U M I ~  

SCHRAUTH.S 
MILL DAM' 
( L A K E  B E R N I C E -  
WtST B R 4 N C H l  
1 8 5 . 8 3 1  

B I T A V I A  0 l M d $  

'THE I N S P E C T I O N S  

~ I N S P E C T E O  B Y  S E W R P C  AND HANZA S T A F F .  

' I N S P E C T E D  BY HAKLA STAFF.  

d~~ R I V E R  M I L E  E S T A B L I S H E O .  

' INSPECTED BY SEWRPC STAFF.  

'THIS MAY BE T H E  WEST H E N 0  CAKP PUVO I O E N T l F l E O  BY THE P U B L I C  S E R V I C E  C O M M I S S I O N  AS STRUCTURE NO. 6 6 . 2 3 .  A L T H O U b H  THE S E C T I O N  I S  I 1  I N S T E A D  OF 14 .  T H E  CARP PONO CUULC BE A SMALL 
PCYC AT THE J U N C r l O h  OF S I L V E R  CREEK AND ENGMAN C R t E K ,  A T R I B U T A R Y  OF S I L V E R  CREEK.  

N.4.- UYKNOHN OR I N F O R M A T I O N  I S  NUT R E A D I L Y  A V A I L A B L E  

SOURCE- H A R Z A  t N L I N t E R l V G  COMPAVY AND SEWRPC. 

C G E L E  2 C - R  L C C h T I h L E D )  

SEWRPC 
COVTROL 

NO. 

6 4  

6 3  

6 2  

4 6  

3 8  

3 5  

4 2  

3 1  

2 4  

2 6 7  

WERE 

D A T E  
I N S P E C T E D  

1 1 / 2 7 / 6 7  
AND 

1 1 3 1 1 6 8  

1 1 1 2 1 1 6 7  

1 1 1 2 7 / 6 1  

1 1 / 2 8 / 6 7  

1 1 1 2 8 1 6 7  

1 1 / 2 8 / 6 7  
AND 

2 / 4 / 7 0  
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surable degree of floodwater storage, although the 
amount of floodwater storage behind these two 
dams would be insignificant for flood control use 
on a watershed basis. 

The dams are  about equally divided between dams 
with free overflow weirs and dams with small 
spillways controlled by stoplogs o r  gates. Mill- 
race channels, generally abandoned, are  asso- 
ciated with the dams. At least 13 of the 48 dams 
have had to be rebuilt at least once since origi- 
nal construction because of poor maintenance o r  
structural failure. 

FUNCTION, CAPACITY, AND PERFORMANCE 
POTENTIAL OF DAMS 

As already noted, the existing dams in the Mil- 
waukee River watershed do not significantly affect 
flood flows. The lakes and impoundments con- 
trolled by the dams do exert a moderating effect 
on major flood flows on Silver Creek at West 
Bend, Silver Creek in Sherman Township, the East 
Branch of the Milwaukee River, and the reach of 
Cedar Creek upstream from the Village of Jack- 
son; but the effects do not extend very far  down- 
stream from the dams and are not significant for 
the watershed as  a whole. Although there are  
a total of 37 impoundments on the Milwaukee 
River stream system, only two, both of which are  
located on the main stem of the Milwaukee River 
in the City of West Bend, have any potential for 
floodwater storage. The surface area of the 
impoundments behind the Woolen Mills and West 
Bend Dams i s  approximately equal, totaling 134 
acres at low flows. The water surface in these 
two pools may be expected to r i se  about seven feet 
during a 100-year flood, which indicates a total 
storage potential of about 1,000 acre-feet. If the 
full 1,000 acre-feet were stored during the initial 
three-day period of a 100-year recurrence interval 
flood, the reduction in flood flow would approxi- 
mate 170 cfs belowwest Bend, o r  only about 2 per- 
cent of the peak flow, approximating 8,500 cfs. 

The water surface area of the 48 impoundments 
controlled by all the dams in the watershed totals 
about 3,200 acres,  nearly 40 percent of which i s  
enclosed in Little Cedar and Big Cedar Lakes. 
Only about 10 percent of this total water surface 
i s  located in the 14 impoundments on the main 
stem of the Milwaukee River above the North 
Avenue Dam. If i t  were possible to coordinate 
operations of all of these 14 pools, the peak flow 
of a 100-year recurrence interval flood at Esta- 

brook Park of 16,000 cfs might be reduced by 
about 2 percent. Such basin-wide control would 
be difiicult to effect. Moreover, unless properly 
effected, any attempts to reduce flood peaks down- 
stream by such a small amount could actually 
result in increases in downstream flood peaks by 
delaying the peak runoff on the main stem so that 
subwatershed peaks would coincide and reinforce 
main stem flows. This is not intended to deem- 
phasize the importance of floodwater storage 
which exists in the watershed in the form of lakes, 
wetlands, and floodland areas,  in reducing flood 
peaks, but rather i s  intended to illustrate the 
lack of potential of the existing water control 
structures for use in controlling major floods in 
the watershed. 

Siltation 
Those pools controlled by dams which were origi- 
nally natural lakes are ,  in general, quite deep; 
and, since they are  located in the headwater areas 
of the watershed, the annual inflows are  rela- 
tively small compared to lake volume. Thus, 
these headwater pools are  not subject to signi- 
ficant siltation. Serious siltation has occurred, 
however, in the impoundments along the main 
streams in the lower reaches of the watershed. 
None of the ponds, however, appear to be fully 
silted to the crest  level of the overflow struc- 
ture. Hydrographic surveys were made of the 
West Bend and Barton Ponds and of Little Cedar 
and Big Cedar Lakes in 1968 and 1969.' The West 
Bend Pond has a mid-channel depth of 10 to 14 feet 
and i s  generally three to five feet deep along the 
shoreline. The depths at the channel indicate that 
essentially no silting of the pond has occurred 
behind this 14-foot high dam. The Barton Pond i s  
shallow in the broader upstream reaches but is 
between five and 10 feet deep in the channel from 
the dam to the head of the pond. The head on 
the dam i s  about 12 feet, which indicates a pos- 
sible silt accumulation of from two to seven feet 
in depth. 

Hydrographic surveys that were made of the 
impoundment at the North Avenue Dam show 
a mid-pond channel from eight to 11 feet deep 
extending upstream from the Dam beyond the 
bridge at North Avenue. This depth decreases 

'Hydrographic maps of the West Bend and Barton Pondr 
and the I9 other major lakes in the watershed have been 
prepared and published in a series of lake use reports. 
Such reports are available on a limited basis from the Wis- 
consin Department of Natural Resources and the SEWRPC. 



near the banks where pool depths average about 
two feet. The difference between the water depth 
a t  mid-pond and the 17-foot head on the Dam indi- 
cates that the depth of silting may be from six to 
nine feet. 

During the course of the field inspections, the 
pool of the Wire and Nail Factory Dam in the City 
of Cedarburg was observed while drawn down. 
There was no evidence of noticeable siltation. The 
owners stated during the course of a personal 
interview that the pond was just as  deep as  i t  was 
30 years earl ier  when i t  was about 10 feet deep at 
a location about 50 yards upstream from the Dam. 
The area immediately upstream from the Dam had 
been filled with clay in an attempt to seal the Dam. 
At Lake Bernice tree stumps were visible when 
the pool was drawn down. The current manager of 
the Schrauth's Mill Dam thought that these trees 
had been cut in 1840 when the f irst  dam was built. 
Silt had not yet covered the stumps. 

The ability of the ponds within the Milwaukee 
River watershed to remain relatively free of sedi- 
ment may be attributed to the fact that most of the 
pools are  only one o r  two times as wide a s  the 
natural r iver rather than to any lack of sediment 
in the streamflows. The relatively narrow width 
of the pools prohibits them from functioning as  
silt traps during high flows when the sediment- 
carrying capacity of the Milwaukee River system 
is greatest. In fact, during very high flows, it 
i s  possible that accumulated silt  may actually 
be flushed from some of the ponds and carried 
downstream. 

Flow Augmentation 
The potential of a reservoir to augment the flow 
of a stream i s  determined by the usable storage 
capacity in the reservoir and the flow in the 
stream. The annual flow of the Milwaukee River 
i s  greatly in excess of the storage capacity avail- 
able at any existing reservoir on the main stem 
of the river. Therefore, since refilling the reser-  
voirs during the annual runoff cycle i s  no prob- 
lem, the most important factors relating to use of 
stored water for streamflow augmentation are the 
severity and duration of low stream flows, the 
quantity of water in the impoundments, and the 
effect of withdrawals on the reservoirs and the 
surrounding shoreland areas. 

The West Bend and Barton Ponds at West Bend 
both have surface areas of 67 acres at low flows. 
However, the potential of each of these two pools 

for use for streamflow augmentation are very dif- 
ferent. The West Bend Pond (Woolen Mills Dam) 
stores about 426 acre-feet of water at low flow. 
The average depth of the pool i s  about six feet; 
and the water along the entire shoreline is about 
three feet deep. A drawdown of three feet would 
yield about 190 acre-feet of water, which could 
sustain a flow of about 13 cfs2 for one week. Such 
a flow is nearly twice the seven-day low flow in 
the most recent 10-year period3 at West Bend. 

The withdrawal of 190 acre-feet of water from 
behind the Woolen Mills Dam would dewater only 
about 12 percent of the pool area. The withdrawal 
of an equivalent of volume of water from the 
Barton Pond (West Bend Dam) would completely 
empty the pond. A three-foot drawdown would 
yield about 140 acre-feet of water but would 
expose mud flats and debris over 50 percent of the 
pond. Even a one- or  two-foot drawdown would 
tend to expose mudbanks along the shore and 
severely reduce the area of the pool. 

The potential for occasional augmentation of flow 
along Cedar Creek and the lower Milwaukee River 
from the Cedar Lakes is much greater than any 
potential in the remainder of the watershed. Big 
Cedar Lake i s  about 105 feet deep, with a volume 
of about 32,000 acre-feet. Little Cedar Lake 
i s  about 56 feet deep, with a volume of 3,150 acre- 
feet. A one-foot drawdown of these two lakes 
would yield a flow of about 500 cfs in one day o r  
could be used to raise the discharge of Cedar 
Creek and the lower Milwaukee River by 17 cfs 
for a full month. Such discharge is  about 17 times 
the seven-day low flow in the most recent 10-year 
period on Cedar Creek and would more than 
double the low flow in the lower Milwaukee River. 
The percentage of the lake area that would be 
dewatered is very small. A one-foot drawdown of 
Big Cedar Lake, however, represents approxi- 
mately the average annual water yield for the lake 

20ne  acre-foot of water provides a uniform flow of about 
one-hay cubic foot per second (cfs) for a 24-hour period. 
This may be visualized as a stream of water one inch deep 
and three feet wide flowing at the rate of two feet per second, 
a typical low-flow velocity of a natural stream in the Mil- 
waukee River basin. 

Chapter RD 2 of the Wisconsin Administrative Code, en- 
titled "Water Quality Standards for Interstate Waters, 1967," 
states that "...Available water, when used in evaluating com- 
pliance with (water quality) standards, will be based on the 
lowest average dilution for any period of 7 consecutive days 
in the most recent I0 years ...." See also Chapter IX of this 
volume. 



drainage area after reduction for  lake evapora- 
tion. Therefore, if the lake were to be drawn 
down a s  much as  one foot, the lakeside residents 
would have to be prepared for a fairly long-term 
exposure of lake bottom. Although i t  may be con- 
cluded that use of these waters should be relied 
upon only for emergency conditions, the potential 
for use of these stored waters is considered in the 
development of alternatives for water quality con- 
trol in the upstream reaches of the Milwaukee 
River, a s  reported in Chapter V of Volume 2 of 
this report. 

INSPECTION RESULTS 

Only visual inspections of the existing dams were 
made as  a part of the watershed study by the field 
inspection team previously referred to herein. No 
foundation exploration, tailrace soundings, con- 
crete core drilling, o r  detailed engineering studies 
were made. The visual inspections, however, 
were made by a team of experienced engineers, 
including a supervising engineer of the Founda- 
tions, Soil Mechanics, and Geology Division of the 
Harza Engineering Company, who visited each of 
the 48 sites, and the Chief Structural Engineer of 
the Harza Engineering Company, who inspected 
most of the larger concrete structures, as  well as  
the several structures with sizable gates. The 
inspections were performed for the purpose of: 
1) appraising the present condition of the struc- 
tures and their probable safety, 2) evaluating the 
adequacy of the maintenance of the structures, 
3) determining the operational capabilities of the 
structures, and 4) generally evaluating the poten- 
tial utility of the structures in the development of 
the land and water resources of the watershed. 

Inspections were made during low streamflow con- 
ditions. In some cases operators and owners were 
interviewed to obtain information related to the 
construction, operation, and maintenance of the 
structures. In other cases i t  was possible to 
interview knowledgeable local residents in order 
to obtain this information. As might be expected, 
these interviewees generally could provide con- 
struction information only for dams which had 
been built relatively recently. Rarely were per- 
sons available who witnessed the construction of, 
o r  alterations to, the older dams. Due to the lack 
of complete engineering drawings, witnesses, and 
records a s  to how the dams were built and on what 
material the dams were founded, evaluations of 
dam condition and safety a re  qualitative and nec- 
essari ly generalized. For example, the 24-foot 

high Wire and Nail Factory Dam initially appeared 
to be made of concrete in good condition. Closer 
inspection and discussion with the owner, how- 
ever, revealed that i t  was of timber crib con- 
struction with concrete facing downstream and on 
the crest  and with a clay seal upstream. 

Although it was impossible with the information 
available to make quantitative structural analyses 
of the dams and thereby make valid judgments on 
the safety of each structure, the inspected struc- 
tures did not, in general, appear to be in danger of 
failure. Several of the dams appear to be founded 
on rock, and normal high streamflow entails only 
a few feet of water over the weirs o r  spillways. 

During the course of the field inspections, notes 
were made concerning the characteristics and 
condition of the structures. Photographs were 
taken of the structures to show both general and 
specific structural features. The information col- 
lected in the field inspections of the 48 dams 
within the watershed is summarized in Table 
20-B. Separate reports for each of the dams 
inspected a re  retained in the files of the SEWRPC. 

In addition, drawings of each structure prepared 
by the f irm of Alster & Associates, Inc., as  a 
part of the hydraulic capacity inventory carried 
out under the Milwaukee River watershed study, 
a re  on file in the Commission offices. Second 
order bench marks referred to mean sea  level 
datum were established on or  near each structure 
a s  a part of the inventory in order to accurately 
tie each structure into a vertical survey control 
network. Structure drawings and second order 
bench marks were not obtained for 10 of the 
48 dams, such dams being located on minor 
tributaries not included in the study for flood 
simulation  purpose^.^ 

SAFETY OF DAMS 

As already noted, all of the dams in the water- 
shed a re  relatively low, with a head o r  height of 
25 feet o r  less, with 37 of the 48 dams having 
heads of less than 10 feet. Failure of any of the 
dams generally would not be expected to result 
in significant damage, as  the dams impound only 

These 10 dams are: NatureS Friends Dam, Erhler Lake 
Dam, Ehne Lake Dam, Adell Dam, Ponds East of Ehne Lake 
Dam, Wallace Lake Dam, Boltonville Dam, Tombar Dam, 
and Batavia Pond Dam, and an unnamed dam on a tributary 
of the Milwaukee River one-half mile southwest of Kewaskum. 



small volumes of water at low heads. More 
serious local damage and possibly some loss of 
life could be expected with the failure of one of the 
larger structures. Of the 11 structures with heads 
exceeding 10 feet, four a re  singled out for par- 
ticular comment due to their importance in the 
hydraulic system of the watershed o r  due to the 
current state of repair. These four dams are  the 
North Avenue Dam in the City of Milwaukee and 
the Woolen Mills Dam in the City of West Bend, 
both on the main stem of the Milwaukee River; the 
Wire and Nail Factory Dam in the City of Cedar- 
burg on Cedar Creek; and the Schrauth's Mill 
Dam in the Town of Ashford, on the West Branch 
of the Milwaukee River. 

The North Avenue Dam in Milwaukee merits 
special attention because of i ts  height, i ts  location 
near the central business district of the City of 
Milwaukee, and i ts  sizable tainter gates. The 
visual inspection of the North Avenue Dam indi- 
cated that the Dam was generally in good repair 
and safe condition. To properly ascertain the 
soundness of this Dam, i t  would be necessary to 
conduct a more thorough engineering investiga- 
tion at the site, including stoppage o r  diversion 
of flow, drilling and pressure testing of the 
masonry, and sounding and probing of the stream- 
bed upstream and downstream from the Dam. 

The visual inspection of the Woolen Mills Dam 
indicated that, although the Dam does not appear 
to be in immediate danger of failure, several 
serious problems have developed which eventually 
could lead to failure. These problems include 
seepage in the vicinity of the left abutment, miss- 
ing counter weights, and heavy brush along the 
left embankment. It would be necessary, however, 
to conduct a detailed ee ineer ing investigation at 
the si te to ascertain the severity of problems 
which have developed and the remedial measures 
required, a s  well as  to evaluate properly the 
overall safety of the structure. 

The Wire and Nail Factory Dam i s  an ungated, 
free overflow weir which impounds only a small 
pool of water of about 20 acre-feet. The Dam is 
an old timber crib structure with concrete facing 
downstream, a concrete cap, and a clay seal 
upstream. Since the Dam depends on the crib for 
stability, i t  would be impossible to assess the 
condition and strength of the Dam by a drilling 
program. An extensive engineering investigation 

i s  not justified, however, as the potential damage 
from possible failure of the Dam i s  small. Should 
the Dam fail, only a small volume of water would 
be suddenly released into the creek channel, 
which i s  deeply incised and undeveloped immedi - 
ately downstream. Development of cracks in the 
downstream face of the Dam probably will be 
a reliable indicator of the onset of failure of the 
crib. Therefore, i t  would be desirable to com- 
mence a regular schedule of observations of the 
downstream concrete facing to detect cracking. 

The Schrauth's Mill Dam carries a town road 
across the channel on i ts  crest ,  and a sudden 
washout could conceivably cause fatalities. This 
structure was in a state of poor repair when 
initially inspected under the watershed study in 
1967. In 1969, however, the new owners, Ashford 
Township, initiated repairs to the gates and 
upstream walls, with technical assistance from 
the Wisconsin Public Service Commission. Fur- 
ther repairs to the downstream walls and piers 
have been scheduled in 1970. The structure should 
be in good operable condition following the pro- 
grammed repairs. 

Although the safety considerations and need for 
repairs for the four most important structures 
in the watershed have been stressed in this text, 
repairs  which are  needed at  other dams have been 
listed in Table 20-B. The comments include par- 
ticular references to the need for modifications to 
gates o r  improvements of access needed at some 
structures to assure that the gates can be operated 
during conditions of high flow. Failure of larger 
gates to operate during a flood can cause over- 
topping of a structure, with consequent scour and 
possible failure of the dam o r  spillway. 

While the general safety and reliability of the 
structures within the watershed i s  attested to by 
the fact that many have withstood the test of time, 
there have been several historic failures of dams 
within the watershed. None of these failures are 
known to have resulted in loss of life, but one 
spectacular failure resulted indirectly in consid- 
erable property damage. Thefailure in 1866 of the 
timber dam in the City of Milwaukee which con- 
trolled the flow of water into the Rock River 
Canal resulted in refloating of an abandoned vessel 
which, in turn, contributed to the destruction o r  
damage to five bridges. Failure of this dam, 
which was the predecessor to the present North 
Avenue Dam, was described a s  follows: 



. . . As the flood moved downstream, car-  
rying the dam timbers with great force, 
five Milwaukee River bridges were dam- 
aged o r  destroyed. Austin describes this 
disaster as follows: 'The Humboldt bridge 
was the f irst  to give way. The torrent 
pulled the hulk of the abandoned vessel 
ILO out of the mud and hurled i t  against 
the Cherry Street bridge, which was set  
afloat. The old ship then hurtled into the 
Chestnut Street Bridge, turning i t  com- 
pletely around, went on to damage the 
Oneida Street bridge, and finished its last 
voyage by breaking up against the Spring 
Street bridge. . . .5 

Another dam located on Silver Creek at West Bend 
was washed away in the summer flood of 1924. 
The storm which caused this flood i s  described in 
Chapter VI of this volume, entitled "Hydrology." 
The storm centered over the City of West Bend, 
with 7.58 inches of rain falling in a 24-hour period 
ending on August 4. This represents a rainfall 
equal to about one and one-third times the 100- 
year event, which i s  the upper limit normally used 
as  the design criterion for the types of small dams 
now located in the watershed. Thus, i t  i s  not sur- 
prising that the failure occurred. No record has 
been located which would indicate the occurrence 
of either serious property damage o r  loss of life 
due to failure of this dam. Two eyewitness 
observers of the 1924 flood report that the gated 
section of the present West Bend Dam on the Mil- 
waukee River failed, resulting in a rapid r i se  
of water in the pond of the Woolen Mills Dam so 
that water flowed over land into the Woolen Mill 
factory. No other significant water damage was 
reported a s  a result of this failure. 

The probable flow conditions and performance of 
the structures located on the more important 
streams of the watershed a re  shown in Table 21. 
It may be concluded from this table and the results 
of the field inspections that, since most of the 
dams in the watershed are relatively low and 
impound only small volumes of water and since 
there i s  generally little development along the 
streambanks downstream from the dams, failure 
of the dams would generally not result in signifi- 
cant damage. If failure were to occur, i t  would 
probably take place during the heights of a flood. 

5 ~ i l w a u k e e  River Technical Study Committee, The Milwaukee 
River, An Inventory of Its Problems, An Appraisal of Its 
Potentials, 1968. 

In this case the effect downstream would be hardly 
noticeable, because the downstream areas would 
be already extensively flooded. If a sudden fail- 
ure were to occur during the low-flow season, 
there may be some damage downstream; and 
i t  i s  possible, though not likely, that someone 
could be trapped in the stream channel and be 
drowned. A sudden failure during a period of low 
flow is unlikely, however, since failure of the 
dams would most probably be caused by over- 
topping and excessive scour, conditions which a re  
limited to flood periods. 

PROCEDURES AND COSTS FOR DETERMINING 
AND MONITORING STABILITY OF DAMS 

A program of intensive engineering investigation 
in order to properly determine the stability and 
safety of all 48 existing dams within the water- 
shed in accordance with present day engineering 
standards and practices is not warranted. Such 
a program would be expensive; and, in view of 
the diffused ownership pattern of the dams and 
the low replacement value of the smaller struc- 
tures, i t  i s  doubtful that such an investigation 
program would lead to a practical program of dam 
rehabilitation, replacement, o r  removal. Some 
structures cannot be altered, and the cost in other 
cases would be prohibitive. 

Detailed engineering investigations should be con- 
ducted, however, at two large dams within the 
watershed. The cost of the necessary engineering 
investigations would be a small percentage of the 
total value of the structures. Typical costs that 
might be incurred in the detailed engineering 
investigations to properly determine the stability 
and safety of these two dams are  shown in Tables 
22 and 23. The $6,700 investigation outlined for 
the Woolen Mills Dam and the $12,400 investiga- 
tion outlined for the North Avenue Dam would 
represent probably 1 percent or  less  of the 
replacement value of these structures. The rec- 
ommended engineering investigations would only 
determine the problems and needs; the design of 
corrective alterations and improvements following 
the investigations would entail costs in addition to 
those cited for the investigations. 

It should be noted that, even after completion 
of a detailed engineering investigation, including 
testing and theoretical studies, i t  often will be 
difficult to assign a numerical factor of safety to 
an old dam. Most of these dams were not built 
to present day specifications, and quality con- 
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COST OF S I T E  I N V E S T I G A T I O N  AND ANALYSES O F  S T A B I L I T Y  
O f  THE WOOLEN M I L L S  DAM I N  THE C I T Y  O F  UEST BEND 

SOURCE- HARZA E N G I N E E R I N G  COMPANY, 
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trol exercised over construction probably varied 
widely. The explorations a re  needed to identify 
areas of distress, such as inareas where seepage, 
scour, o r  deterioration is observed, and to ascer- 
tain the probable overall deterioration of a struc- 
ture,  particularly a large one. At structures, 
such as  the Woolen Mills Dam, investigations 
initially may be limited to installation, observa- 
tion, and interpretation of data from a few obser- 
vation wells. An even more modest program 
would involve inspection of the Dam twice a year- 
once in the fall and once in spring-to monitor 
changes in seepage, slides, scour, o r  other signs 
of distress. 

RECOMMENDATIONS 

Information and recommendations resulting from 
the initial inspection of the dams are  listed in 
Table 20-B. Present condition and relative impor- 
tance of the structures lead to the following speci- 
fic recommendations : 

1. Engineering investigations should be under- 
taken at the following two dams: 

a. North Avenue Dam-This Dam i s  owned 
by the City of Milwaukee. The impound- 
ment serves a s  a source of water for 
the St. Regis Paper Company, which 
utilizes about 1.1 million gallons per 
day in i t s  operations. The flow of water 
over the crest  of this Dam should be 
stopped by lowering the pool to permit 
inspection of the downstream face and 
to facilitate sounding and probing of the 
area  at the toe of the Dam. 

Soundings should also be made in the 
upstream pool. 

About four holes should be drilled 
through the crest  of the Dam to 
rock o r  a minimum of five feet into 
the foundation. The holes should be 
pressure-tested to aid determina- 
tion of the probable soundness of 
the masonry structure and of the 
foundation. 

Cores drilled may be subjected to 
laboratory tests for quantification of 
structural properties. 

Analyses and results of the inves- 
tigations and recommendations for 
required repairs should be reported 
for further action. 

b. Woolen Mills Dam-This Dam is owned 
by the City of West Bend. Flow of water 
shou1.d be stopped to facilitate sounding 
and probing of the stilling basin and 
below the downstream apron. 

Approximately 10 holes should be 
bored and two test pits opened to 
determine embankment conditions and 
to permit collection of samples for 
laboratory tests. 

Approximately six observation wells 
should be set in the bore holes for 
monitoring purposes. 

Analyses and results of the inves- 
tigations and recommendations for 
required repairs should be reported 
for further action. 

2. Schrauth's Mill Dam-Repairs to the Dam 
should be completed. These repairs have 
been contracted by the Town of Ashford 
and a re  to be completed during 1970. 

3. It is not considered urgent that an engi- 
neering investigation be conducted at the 
Wire and Nail Factory Dam. However, i t  
i s  important that the remedial measures 
noted in the inspection report be executed. 
These are: that repairs be made to cor- 
rect  piping noted during the inspection and 
that the large tree growing near the right 
abutment be removed. It i s  important 
that soundings be made downstream twice 
a year to determine if scour and under- 
mining are  endangering the stability of the 
Dam. The concrete facing on the Dam 
should be frequently observed for cracking 
which would indicate probable failure of 
the wooden crib. 

4. All other defects noted in the inspection 
reports should be remedied. 

The implementation of the programs of investiga- 
tions and repair outlined above should be directed 
by an engineer qualified in the design, construc- 
tion, and repair of dams. 



In addition to these specific findings, i t  is rec- 
ommended that the following general inspection 
procedures and measures for  preventative main- 
tenance be observed: 

1. The channel immediately downstream from 
all structures that maintain a head of 
10 feet o r  more at low flow should be 
sounded annually to permit determination 
of scour that could undermine the struc- 
ture. Preferably, soundings would be made 
during a low-flow period. 

2. Trees and brush should not be permitted 
to grow on the crest  o r  slopes of embank- 
ments o r  at the abutments of dams. This 
type of growth should be cut periodically, 
at least once every three o r  four years. 

3. Any signs of structural distress, such 
a s  seepage, slides, o r  scour, should be 
carefully monitored and measured by the 
owner; and any unusual occurrences should 
be reported to an engineer qualified in dam 
design, construction, and repair for advice 
a s  to the corrective measures required. 

4. A routine program for maintaining gates 
and other movable parts of structures 
should be observed. Where control is by 
small stop logs, annual maintenance i s  ade- 
quate. Larger control devices, especially 
larger tainter gates, should be inspected 
at  least quarterly. Chains, cables, trun- 
ions, hoists, and gate seal should all 
be checked, lubricated, and repaired a s  
required. 

5. Gates of structures should be operated so 
that flow does not overtop the gates and so 
that flow is evenly distributed downstream 
to minimize the possibility of scour. 

6 .  All structures with movable parts should 
be accessible and operable during floods. 

The above recommendations represent accepted 
practice in dam inspection and maintenance. The 
expense and effort involved is justified whenever 
public safety is involved o r  where i t  i s  desired to 
extend the useful life of the existing structures. 

CHANNEL MODIFICATIONS 

Several miles of the perennial stream system 
of the Milwaukee River watershed have been 
intentionally modified in an attempt to improve 
their hydraulic characteristics. Channel improve- 
ment may consist of straightening, deepening, 
increasing the cross -sectional area,  improving 
the horizontal gradeline, o r  diking and generally 
involves all five phases, all of which result in 
increased velocity of flow and decreased time of 
concentration. Portions of the Milwaukee River 
basin were so poorly drained under natural condi- 
tions that i t  was necessary to improve the hydrau- 
lic characteristics of the main stream channels 
in order to provide adequate outlets for agricul- 
tural drainage systems, to prevent long periods 
of inundation in urban areas,  and to alleviate 
conditions which contribute to the formation of 
ice jams. Because of the individual manner and 
long period of time over which such channel 
improvements have been made, i t  is not possible 
to determine precisely the history of such opera- 
tions. It appears, however, that channel straight- 
ening and deepening have been carried out through 
legally organized farm drainage districts , through 
informally organized citizen action groups, and 
through individual action since before 1850. The 
estimated spatial distribution of channel improve- 
ments within the Milwaukee River watershed is 
shown on Map 27 and is summarized in Table 35. 

A major program of channel modification of the 
Milwaukee River was planned and carried out by 
the U. S. Department of Commerce, Works Prog- 
r e s s  Administration (WPA), and the Public Service 
Commission (PSC) of Wisconsin in the Estabrook 
Park area of the City of Milwaukee. A straight 
cut of the main Milwaukee River channel was 
made in the area where the Lincoln Creek tribu- 
tary joins the main stem of the Milwaukee River. 
The cut eliminated a bend in the river which 
retarded streamflow and created problems of 
flooding both along the main stem and Lincoln 
Creek, areas which a re  densely populated. Con- 
crete and masonry-retaining walls also were built 
along Lincoln Creek to improve i t s  water-carrying 
capacity and prevent bank erosion. 

In 1955 the Milwaukee Sewerage Commissions were 
given responsibilities for the planning, design, and 
construction of modifications of natural drainage 
channels in Milwaukee County, including Lincoln 
Creek. Modifications have included concreting of 
the beds and lower slopes of widened stream 



Map 27 

CHANNEL IMPROVEMENTS 
IN THE MILWAUKEE RIVER WATERSHED 

As of 1967, approximately 49 miles of stream channel, or 15 per- 
cent of the 330 miles of stream channel length in the Milwaukee 
River watershed, had been subjected to some channel modification 
or improvement work. Cedar Creek has been subjected to the 
greatest amount of channel improvement, totaling an estimated 
16 miles in length, or about 5 3  percent of the approximately 30- 
mile length of the Creek and about 3 3  percent of the estimated 
total of 49 miles of channel improvements made within the water- 
shed. Over six miles of urban-type channel improvements have 
been made along Lincoln Creek by the Metropolitan Sewerage 
Commission of Milwaukee County. 
Source: SE WRPC. 

channel reaches, seeding of the higher portions 
of embankments, and alteration o r  removal of 
structures which created significant backwater 
during high flows. Detailed plans showing these 
modifications are  on file with the Sewerage Com- 
mission of the City of Milwaukee. All bridge 
reconstruction done in conjunction with the chan- 
nel modifications is the responsibility of the City 
of Milwaukee or the State of Wisconsin. A channel 
improvement program is still in progress along 
Lincoln Creek. Present plans are  to widen the 
channel and to line the streambed between N. 32nd 
Street and W. Hampton Avenue and N. 63rd Street 
and W. Harnpton Avenue; between N. 55th Street 

and Thurston Avenue and N. 51st Street and 
W. Good Hope Road; and between N. 76th Street 
and Clinton Avenue and N. 59th Street and Clinton 
Avenue and to modify or  replace bridges and cul- 
verts at approximately 27 stream crossings in 
these reaches. 

A review of hydrographs and the operation of 
the flood-routing model described in Chapter Xl 
of this volume, entitled, "River Performance 
Simulation, l1 indicate that storm water outflow 
from Lincoln Creek results in sharp, short-based 
hydrographs . Improved channelization of Lincoln 
Creek has contributed to this intense runoff pat- 
tern. The result i s  that, although peak flows from 
Lincoln Creek a re  now higher than they were 
before channel modification, they generally do not 
create flood conditions along the Milwaukee River 
by their action alone. Since the flows peak very 
rapidly, the flow from Lincoln Creek is generally 
in recession when flow from the upstream reaches 
of the Milwaukee River arrives at the junction of 
Lincoln Creek and the Milwaukee River. Thus, 
the channelization of Lincoln Creek has not only 
reduced flood levels along the urbanized areas of 
Lincoln Creek but also along the Milwaukee River. 

A program of channel modifications in the agri- 
cultural area along Cedar Creek in the vicinity 
of the Jackson Marsh was also initiated during 
the period in which the WPA and the PSC were 
executing joint projects. The flow of Cedar Creek 
spread over a large marshy area,  which created 
poor conditions for drainage in low-lying agricul- 
tural lands south of the Village of Jackson. With 
the straightening and enlarging of the creek chan- 
nel through the Jackson Marsh, i t  was possible 
for improved farm drainage channels to function 
more efficiently. Even though these modifica- 
tions undoubtedly have reduced the detention time 
of floodwaters in the Jackson Marsh, flood rout- 
i n g ~  made under the watershed study show that the 
storage of floodwaters in the Jackson Marsh con- 
tinues to reduce significantly high water levels 
downstream along Cedar Creek. As noted in 
Table 35, there have been other channel modifi- 
cations in the watershed; but none of the others 
have the potential to affect significantly high 
water flows. 

SUMMARY 

There are presently 48 man-made water control 
structures existing in the Milwaukee River water- 
shed. Although most of these structures were 



built originally as milldams, they a re  now main- 
tained primarily for aesthetic and recreational 
purposes. The impoundments are  too small to 
provide any significant reduction of flood peaks 
along the Milwaukee River, although there is 
some reduction of flood peaks below the larger 
natural lakes with controlled outlets. Some of the 
impoundments have minor potential for augmenta- 
tion of streamflow. Structural and operational 
defects of the dams were noted during reconnais- 
sance-type field inspections conducted under the 
watershed study. Although the inspectors were 
handicapped in their inspections due to a lack 
of information concerning foundation conditions, 
construction materials, construction procedures, 
and underwater condition of the various struc- 
tures, i t  was possible to identify many structural 
and operational problems, as summarized in 
Table 20-B of this chapter. The inspection re-  
vealed that the most probable consequence of fail- 
u re  of a dam would be development of unaesthetic 
conditions resulting from draining of the reser-  
voir. It is conceivable, however, although not 
likely, that serious loss of property and even loss 
of life could occur with the failure of any of the 
larger structures. Four of the larger structures- 
North Avenue Dam, Woolen Mills Dam, Schrauth's 
Mill Dam, and Wire and Nail Factory Dam-were 
singled out for special comment, either due to 
their current state of poor repair o r  due to their 
importance and location in the watershed. Esti- 
mates of costs that would be incurred in an ade- 
quate detailed engineering investigation to obtain 
data for stability analyses of two of the larger 

structures, in this case the North Avenue and 
Woolen Mills Dam, were prepared; and general 
proceuxres for owner inspectionof dams and mea- 
sures for preventative maintenance were outlined. 

It i s  extremely difficult to make a meaningful, 
quantitative evaluation of the overall effect which 
all existing channel modification projects have 
had on the surface water characteristics of the 
Milwaukee River watershed as  a whole. Channel 
modifications have been effected in several areas 
of the watershed, but only two programs-those 
along Lincoln and Cedar Creeks-are of any sig- 
nificance to flows in the main channel system. 
Because of the large amount of natural storage 
which still exists within the main channel system 
of the watershed, the net effect of these improve- 
ments on the flow regimen at Milwaukee is hardly 
measurable. Nevertheless, the basic changes that 
have affected peak flows along Cedar Creek and 
Lincoln Creek are  very real. In the Cedar Creek 
subwatershed, channel modifications have made 
possible the drainage of farmland, with the proba- 
bility that downstream flood peaks are  somewhat 
higher. The channel improvements along Lincoln 
Creek, which have reduced flood damages along 
and above the improved reaches, cause stagger- 
ing of this tributary peak with the peak on the 
Milwaukee River and have actually decreased the 
combined discharge rate. Thus, these two chan- 
nel modification programs probably have resulted 
in opposite effects on flood peaks in the stream 
reaches immediately downstream. 
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Chapter VI 

HYDROLOGY 

INTRODUCTION 

The hydrologic regimen of the Milwaukee River 
watershed is conditioned by a combination of 
influences, some natural and some resulting from 
human activity. As a result of i ts  glacial origin, 
the land surface is composed of many different 
soil types with varying influence upon the rela- 
tionship of rainfall to runoff, evapotranspiration,' 
and ground water recharge. The natural channels 
with variable slopes and poorly developed drain- 
age patterns and the numerous kettle lakes and 
wetland areas also reflect the glacial origin of the 
topography. Many of the natural drainage courses 
in the river system have been modified in the 
agricultural areas by tiles and ditches to drain 
former wetlands and in the urban areas by con- 
version into storm sewer receptors and waste- 
ways. Urbanization has reduced the rate of ground 
water recharge and increased the rate of ground 
water discharge, with attendant localized lowering 
of shallow ground water levels and the reduction 
of the ground water contribution to streamflow. 
Municipal and industrial liquid waste discharges 
have significantly altered the low-flow regimen of 
the tributaries and main stem of the river system 
in the areas of urbanization. Much of the Mil- 
waukee River watershed thus is greatly changed 
from its  natural condition, generally to the detri- 
ment of both the quality and quantity of i ts  water 
resources. The watershed, however, still  retains 
substantial areas in nearly natural condition and 
presents a significant potential for beneficial land 
and water resource development. 

Comprehensive planning for the wise use and 
development of the land and water resources of 
watershed requires knowledge and understanding 
of the relationships existing between the many 
natural and artificial factors that together com- 
prise the hydrologic system of the watershed. 
Because of the interdependence of streamflow, 
ground water, and land use, any planned modifi- 
cation o r  development of one facet of the hydro- 
logic system must consider the resultant effects 

'The term evapotranspiration as used here is defined as 
that portion of precipitation returned to the atmosphere 
through direct evaporation and plant transpiration. 

on all others. Only by considering the hydrologic 
system as a whole can a sound, comprehensive 
watershed plan be prepared and the water-related 
problems of the basin ultimately abated. 

HYDROLOGIC CYCLE 

Water is not a static,but a dynamic, resource. The 
quantity and quality of water at a particular place 
within the Milwaukee River watershed may vary 
greatly from time to time. These variations may 
occur rapidly or  slowly and may occur on the land 
surface (surface phase), in the ground water sys- 
tems (subsurface phase), or  in the atmosphere 
(atmospheric phase). Moreover, these variations 
may involve water in all its states-solid, liquid, 
and vapor. This pattern of circulation of the water 
resource from the atmosphere to the land and, by 
various processes, back to the atmosphere, is 
known as the hydrologic cycle. 

Precipitation is the primary source of all water in 
the Milwaukee River watershed. Par t  of the pre- 
cipitation runs directly off the land surface into 
stream channels and is ultimately discharged 
from the watershed; part is temporarily retained 
in snow packs, lakes and wetlands, in the soil, or  
on vegetation and is subsequently transpired o r  
evaporated; and the remainder is retained in the 
soil and the zone of saturation. Some water is 
retained in the ground water system; but, in the 
absence of ground water development, most even- 
tually returns to the surface as seepage o r  spring 
discharge into lakes and surface channels. This 
discharge constitutes the entire natural flow of 
most streams in the Milwaukee River watershed 
during extended periods of dry weather. 

With the exception of the ground water in the deep 
sandstone a q ~ i f e r , ~  all of the water on the land 
surface and underlying the Milwaukee River basin 
generally remains an active part of the hydro- 
logic system. In the deep aquifer, water is 
held in storage beneath the nearly watertight 

'The term aquifer is dt$ned as a porous water-bearing 
geologic formation. As used herein it is a relative term 
designating geologic formations or deposits that contain 
significant amounts of ground water which can be used as 
a principal source of water supply. 



Maquoketa shale and is ,  therefore, taken into 
the hydrologic cycle in only a very limited way. 
Except for a direct natural connection through the 
recharge areas lying west of the watershed, arti- 
ficial movement through wells and minor natural 
amounts of leakage through the shale beds provide 
the only connection between this water and the 
surface water and shallow ground water resources 
of the watershed. 

Hydrologic Budget 
A quantitative statement of the hydrologic cycle, 
termed the "hydrologic budget," is commonly used 
to equate the total gain, loss, and storage change 
of water resources in a watershed over a given 
time period. Water i s  gained by a basin from 
precipitation and surf ace and subsurf ace inflow, 
and water loss occurs as a result of evapotran- 
spiration and surface and subsurface outflow. A 
change in surface and ground water storage 
results from an imbalance between inflow and 
outflow. Quantitative data, however, are  nor- 
mally available for only a few of the many phases 
of the complex hydrologic cycle. Quantitative 
measurements compiled for the Milwaukee River 
watershed include precipitation, streamflow, evap- 
oration, and ground water levels; but the records 
of even these phenomena are  incomplete and of a 
relatively short duration. 

It is convenient, therefore, to express the hydro- 
logic budget on an average annual basis in a 
simplified form which includes the significant 
components of the hydrologic cycle. Moreover, 
since water in the deep sandstone aquifer is taken 
into the hydrologic cycle in only a very limited 
way, a hydrologic budget for the Milwaukee River 
watershed can be developed considering only the 
surface and shallow ground water supplies. 

In i ts  simplest form, the long-term hydrologic 
budget for the Milwaukee River watershed may be 
expressed by the following equation: 

E = P-R 2AS in which 

E = average annual evapotranspiration and con- 
sumptive use losses over the watershed 
area, expressed in inches of water loss. 

P = average annual precipitation on the water- 
shed area, expressed in inches of rainfall. 

R = average annual runoff from  the watershed 
area, expressed in inches of runoff. 

AS = average annual net change in total surface 
and ground water storage within the water- 
shed area, expressed in inches of storage. 

Average annual values of P and R for the Milwau- 
kee River watershed were compiled and averaged 
for the 30-year normal period, 1931-1960,~ for 
use in the computation of the simplified hydrologic 
budget of the watershed, as  follows: 

P = 29.4 inches per year 

R = 6.9 inches per year, and 

AS, assumed to be zero inches per year, 
because the elevation of the water table4 
has not changed significantly over any 
large areas of the watershed and because 
there has been no significant change in 
surface water storage within the watershed. 

Therefore, 

E = 29.4 - 6.9 2 0 = 22.5 inches per year. 

The four elements which comprise the simplified 
hydrologic budget for the Milwaukee River water- 
shed a re  discussed in the following paragraphs: 

1. Evapotranspiration: Evapotranspiration of 
water from surface water bodies, plants, 
soil, and ground water is an importaht 
element of the hydrologic cycle. Human 
water uses, such as industrial cooling and 
domestic consumption, also return water 
to the atmosphere through evaporation and 
transpiration processes. The long-term 
average rate of annual water use through 
evapotranspiration as estimated above is 
about 22.5 inches for the Milwaukee River 
watershed, or  approximately 77 percent of 
the annual precipitation. 

3The 30-year period, 1931 through 1960, is the "standard 
normal" period used by the World Meteorological Organi- 
zation in the computation of climatological norms and, more- 
over, represents a period of time readily comparable to 
the Decennial Census of the United States Climate, prepared 
by the U. S. Weather Bureau. 

41'he term water table is defined as the upper surface of the 
zone below which aN earth materials are saturated and where 
the body of ground water is not confined by an overlying 
impermeable formation. 



2. Precipitation: The average annual precipi- 
tation over the watershed is estimated to 
be 29.4 inches, based upon U. S. Weather 
Bureau records for rain gages located 
within and adjacent to the Milwaukee River 
watershed. 

3. Runoff: Runoff is generally measured a s  
streamflow and is discussed in detail in 
the surface water sections of this chapter. 
Annual runoff from the Milwaukee River 
watershed, as  measured at the Estabrook 
Park stream gaging station, was computed 
to average 6.9 inches per year, o r  about 
23 percent of the precipitation. 

4. Storage: Change in storage within the 
watershed has been estimated as  zero 
in the long-term hydrologic budget for 
the Milwaukee River watershed. While 
fluctuations in the amount of water a re  
constantly taking place in the form of 
increasing and decreasing streamflow, lake 
levels, and shallow ground water levels, no 
significant long-term change in storage is 
apparent for the watershed. Concentrated 
pumpage of ground water has, however, 
caused local water level declines and has 
locally affected stream and lake regimens. 
Regional changes in storage are  taking 
place in the sandstone aquifer beneath the 
Milwaukee River watershed, although these 
changes have only a minor effect on the 
hydrologic budget because of the poor 
hydraulic connection of this aquifer with 
the shallow aquifer and, consequently, the 
surface hydrologic system. 

The approximate seasonal distribution of precipi- 
tation, evapotranspiration, and runoff in the Mil- 
waukee River watershed i s  presented in Figure 10. 
The distributional pattern of precipitation in the 
watershed, a s  shown in the figure, results in the 
lowest values occurring during mid-winter and 
the highest values during early and late summer. 
Average annual runoff, however, does not follow 
this precipitation pattern. Although runoff i s  
directly proportional to precipitation, all other 
factors being equal, i t  i s  inversely proportional 
to evapotranspiration, which increases during 
the growing season. This fact, coupled with 
the accumulative effect of snowmelt, results in 
65 percent of the average annual runoff occurring 
in the six-month period between November 1 and 

April 30. In contrast, only 38 percent of the 
average annual precipitation occurs during this 
same period. 

ATMOSPHERIC PHASE 

Among the climatic factors that establish the 
hydrologic features of a region are  the amount and 
distribution of precipitation, the occurrence of 
snow and ice, and the effects of temperature on 
evaporation, and snowmelt. 

Precipitation 
The normal annual precipitation for the Milwaukee 
River watershed, as  represented by the weather 

Figure 10 
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Source: Harza Engineering Company. 



observation stations located at Milwaukee, Port 
Washington, and West Bend, for the period 1931- 
1960, averaged approximately 29.4 inches. Mean 
monthly precipitation, based upon weighting by 
Thiessen polygons, ranged from a minimum of 
1.39 inches in February to a maximum of 3.92 
inches in June. The normal annual snowfall was 
about 45 inches. Precipitation and temperature 
data for these stations are  shown in Table 24. 

Inventory of Precipitation Data: Sixteen precipi- 
tation stations are located within or  near the Mil- 
waukee River watershed. Six of these stations 
are  equipped with recording rain gages. Listed 
in Table 25 are the names of the precipitation sta- 
tions, the types of gages, and the average annual 
precipitation. The locations of these stations are  
shown on Map 28. 

- 

1 

assumed that local drainage facilities will be 
designed according to these recommended design 
criteria. In earlier SEWRPC studies of the Root 
and Fox River watersheds, rainfall intensity- 
duration-frequency curves, a s  reported in the 
U. S. Weather Bureau Technical Paper No. 25 
( ~ ~ 2 5 ) :  for Milwaukee, Wisconsin, a s  adapted by 
the Regional Planning Commission for ready use 
in urban storm sewer design within the Region, 
were 

The curves were developed from precipitation 
data collected over the 49-year period extending 
from 1903 through 1951. Concern has been 
expressed that several large rainfall events that 
occurred in the 15-year period of available record 
since 1951 might change these values if included 
in the analyses. A review of the rainfall intensity- 
duration-frequency curves was, therefore, under- 

Frequency: As part of the Milwaukee 
River watershed study, hydrologic criteria for U. S. Department of Commerce, Weather Bureau, Tech- 
local storm water drainage design were nical Paper No. 25, 
established which would be consistent with the Curves for Selected Stations in the United States, Alaska, 
design criteria used in the study for the major Hawaiian Islands, and Puerto Rico, December 1955. 
watercourses of the watershed. In the simulation 6 ~ e e  SEWRPC Technical Record, Vol. 2, No. 4, "Determina- 
of river performance under conditions of future tion of Runoff for Urban Storm Water Drainage System De- 
land use development within the watershed, it is sign," April-May 1965. 

TABLE 2 4  

MEAN MONTHLY AND ANNUAL PRECXP ITAT I O N  AND TEMPERATURE 
D A T A  AT &EST BEND, MILWAUKEE* AND PORT WASHINGTON 

0 ~ ~ ~ ~ ~ - ~ ~ ~ ~  Y t A U  CONTINUOUS TEMPERATURE ANU PRECIP ITATICN RECORDS ( 1 9 1 4 - 1 9 6 8 ) .  

RECCKDING STATICY 

YEST 8E*UD0 
PRECIP ITATION ( I t \ IChES) 
TtMPEHATUKE ( OF) 

MILIJAUKEE~ 
PRECIPITATIGN ( I b I c r E s )  
TEMPERATURE ( OF ) 

PORT WASHIYGTONC 
P R E C I P I T A T I U h  ( I N C h E S )  
TECPERATUKE ( O t  

W A T E R S H ~ C  A V E K A G E ~  
P R E C I P I T A T I C N  ( IYCt -ES)  

b ~ h E - ~ ~ ~ ~ ~ ~ ~  F I t T E t N  Y tAR CflUTINUOUS P R E C I P I  TATION RECORD ( 1 8 5 4 - 1 9 6 8 ) .  h INETY-EIGHT YEAR CONTINUOUS 
T E M P E R A T U R ~  a t c u u c  (1871-126t1) .  STATION MOVED F R O M  CITY CF MILUAUKEE TO GENERAL MITCHELL AIRPORT 
I N  1927 .  

CSEV€NTY-FG~R Y tAH CONTINbCLS PRECIP ITATION RECORD (1895-1968) .  t I G H T  YEAR CONTINUOUS TEMPERATURE 
RECbRL ( 1 5 6 1 - 1 9 6 8 ) .  

SCURCE- U.S. DEPARTCEhT OF COMMERCE, WtATHtR BUPEAU. 

ANNUAL 

2 9 - 9 6  
46.4 

30.29 
45.6 

2 7 - 9 6  
44.6 

29.35 

CCNTH 

NOV. 

2.19 
36.2 

2 - 0 4  
36.4 

2.01 
38.1 

2.25 

J4N. 

1.69 
20.5 

1.87 
20.4 

1.50 
18.5 

1 . 1 3  

EEC. 

1.47 
24.2 

1.75 
25.2 

1.46 
24.1 

1.51 

FEE. 

1.32 
22.C 

1.63 
22.4 

1.32 
21.6 

1.35 

MAR. 

2.C2 
31.0 

2.40 
31.6 

1.81 
32.2 

2.C3 

AUG. 

2.99 
70.1 

2.76 
68.5 

2.88 
66.8 

2.97 

SEPT. 

3.21 
61.9 

3.10 
61.4 

3.00 
60.1 

3.33 

APH. 

2.53 
45.0 

2.73 
43.6 

1.57 
42.1 

2.36 

GCT. 

2.21 
51.0 

2.28 
50.4 

7.11 
50.7 

d.07 

JUYE 

3.90 
66.5 

3.52 
63.6 

3.52 
61.7 

3.92 

MAY 

2.98 
56.3 

3.22 
53.6 

7.91 
51.6 

2.93 

JULY 

3.45 
71.7 

2.99 
69.5 

2.87 
67.8 

2.86 



TABLE 25 

U- S-  WEATHER BUREAU P R E C I P I T A T I O Y  
S T A T I O N S  I N  THE MILWAUKEE R I V E R  

WATERSHED AND E N V I R O N S  
- 

O k  = NCN-RECORDING 
R = RECORDING 
RN = RECORDING ANC NON-RECORDING 

STATION 

BURNETT...---....... 
CHILTCN............. 
EaGLE............... 
EL CORACO........... 
FCNC DU LAC......... 
GERCAhTOYN-- . - - - - - . .  
hARTFCRC. -.--..---. 
MILWAUKEE! -..as..... 
PCUNT CARV COLLEGE.. 
PLVHCUTH............ 
PORT YISHINGTON..... 
ShEBOVGAN........... 
YATER1CWN.-..-----.- 
WAUKEShA..------.... 
YEST ALLIS.......... 
WEST BENO........... 

b ~ ~ ~ ~ l h ~ ~ ~ ~  RECORC THROUGk 1 9 6 8 .  

'ALTHOUGH T H I S  STATION E X l S T E C  PRIOR TO 1 9 4 9 .  THE RECCRD DURING 
THOSE Y t l R S  I S  INCOMPLETE. 

CCUNTY 

COOGE 
CALUMET 
WAUKESHA 
FONC CU LAC 
FONC CU LAC 
WAShlNGTON 
WAShINGTON 
WILWALKEE 

HILWAUKEE 
SbEBOYGAN 
OZALKkE 
SHEBOYGAN 
JEFFERSCN 
WAUKESkA 
H l L k A L K E E  
WAS~INGTON 

d T ~ ~  STATION AT MILWAUKEE WAS I N I T I A L L Y  LOCATE0 I N  THE CENTRAL 
BUSINESS C I S T R I C T  OF TPE C I T Y .  BUT WAS MOVED I N  1 9 2 7  TC GEhERAL 
MITCHELL F I E L C  AIRPORT. CATA FOR THE PERIOD SINCE 1 9 2 7  ARE SHOhN 
I N  PARENTHESES. 

SOURCE- U. S- YEATCER BUREAU AND SEkRPC. 

taken, utilizing the entire period of rainfall 
records available to the date of the beginning of 
the Milwaukee River watershed study. 

GAGE 
TYPEo 

RN 
RN 

R 
RN 

N 
N 

RN 
RN 

I R N I  
N 
N 
N 
N 
N 
N 
N 
N 

The r a i d  all intensity-dur ation-frequency curves 
for Milwaukee, as published on page 51 of TP25, 
were derived by application of statistical analyses 
of frequencies based on a method of determining 
extreme values proposed by   umbel.^ A rainfall 
frequency analysis was made for at least seven 
separate series of rainfall values observed during 
the period 1903 through 1951. The series of 
values were the maximum rainfall depths that 
occurred each year during clock periods (dura- 
tions) of 5, 10, 15, 30, 60, 120, and 1,440 min- 
utes. The rainfall depths for each of the durations 
were then converted to rainfall depths that would 
have occurred in 60 minutes, had it rained for 
60 minutes at the indicated intensity, for return 
periods of 2, 5, 10, 25, 50, and 100 years 
(frequencies). 

A similar analysis was made by Harza Engineer- 
ing Company for the period from 1952 through 
1966; and upon request for a check of the results 
obtained, the U. S. Weather Bureau made analyses 
using data for the Milwaukee station for the 

AVERAGE 
ANNLAL 

P R E C I P I T A T I C N  
( INCHES1  

2 8 . 7 0  
29 .76  
2 9 . 7 1  
2 7 . 9 9  
2 9 . 4 0  
27 .60  
3C .26  
3 0 . 2 9  

1 2 9 . 5 1 1  
30 .06  
2 8 . 8 4  
2 7 . 9 6  
2 9 . 8 3  
31 .49  
30 .62  
2 9 . 1 3  
2 9 . 9 6  

7 ~ .  J. Gumbel, "The Return Period of Flood Flows," 
Annals of Mathematical Statistics, Vol. XZI, June 1941, pp. 
163-190. 

PER100  
C F 

RECORDb 
(YEARS1 

6 4  
4 1  
2OC 
2 9  
8 3  
2 4  
1 8  

1 1 5  
1 4 2 )  

2 2  
5 9  
7 4  
7 0  
7 8  
7 7  
1 7  
55  

64-year period of record from 1903 through 
1966 and for four 15-year periods from 1907 
through 1966. 

It was mutually concluded by the Harza Engi- 
neering Company and the U. S. Weather Bureau 
that the values obtained from TP25 for Milwaukee, 
Wisconsin, would not be significantly changed by 
including in the analyses data for the additional 
15 years of record extending from 1952 through 
1966. The plotted points for the 10-year and 
100-year return periods, based upon the period 
of record from 1903 through 1966, indicate no 
significant change from the points based upon the 
period of record from 1903 through 1951. 

New rainfall intensity-duration-frequency curves, 
nevertheless, were prepared utilizing the entire 
64-year period of rainfall record available for 
southeastern Wisconsin, extending from 1903 
through 1966. These curves are  shown in Appen- 
dix C of Volume 2 of this report. The new curves 
are  intended to replace those set forth on page 5 
of SEWRPC Technical Record, Volume 2, No. 4, 
"Determination of Runoff for Urban Storm Water 
Drainage System Design." As noted on page 6 of 
the above-referenced SEWRPC Technical Record, 
the curves represent point rainfall and should not 
be applied to areas larger than 10 square miles in 
extent. Curves relating the point rainfall depth to 
rainfall depth over larger areas are  provided in 
SEWRPC Technical Record, Volume 2, No. 4. 

Again, for convenience the new rainfall intensity- 
duration-frequency curves have been presented on 
two plates-one providing rainfall intensity data 
for storms of relatively short duration for use in 
the design of drainage systems having times of 
concentration ranging up to three hours and the 
second providing rainfall intensity data for storms 
of longer duration for use in the design of drain- 
age systems having times of concentration ranging 
from three to 24 hours. 

Evaooration and Eva~otrans~ira t ion 
Annual evaporation from water surfaces, suEh 
as  lakes and streams, i s ,  within southeastern 
Wisconsin, about equal to the mean annual pre- 
cipitation of 29.4 inches. The annual average 
evapotranspiration, a s  calculated in the hydro- 
logic budget for the watershed, is about 22.5 
inches, or  271 billion gallons. This difference 
between the potential for evaporation from a free 
water surf ace and long-term evapotranspiration 
over the watershed occurs because evapotranspi- 
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precipitation stations shown above were used in the watershed study to determine rainfall, runoff, and stream discharges 
and frequencies. These data were necessary to floodplain delineation and to the design of both alternative flood ContrC 
and alternative pollution abatement plan elements. 

Source: U.S. Geological Survey and Harza Engineering Lompany. 



ration from soils and plants is, depending upon 
such factors a s  land use, temperature, available 
water, and soil conditions, normally less than 
evaporation from free water surfaces. 

SURFACE WATER HYDROLOGY PHASE 

Surface water in the Milwaukee River watershed 
is composed almost entirely of major lake storage 
and streamflow. Wetlands, flooded gravel pits, 
and minor lakes and ponds comprise the balance 
of the surface water but a r e  negligible in terms of 
the total quantity of surface water in the water- 
shed. Lake storage is the largest of the two major 
components and exhibits less variation in quantity 
than does streamflow. 

Inventory of Lake Storage 
The total quantity of surface water held in the 21 
major lakes of the watershed is approximately 
58,000 acre-feet; and the combined surface areas 
of the 21 major lakes total 3,438 acres, or 
approximately 0. 8 percent of the total watershed 
area. Lake levels fluctuate over time, responding 
primarily to variations in precipitation surface 
runoff, temperature, and ground water. No sys- 
tematic program of monitoring fluctuations in 
lake levels, however, has been carried out in 
the watershed. 

Inventory of Streamflow 
The quantity of streamflow varies widely from day 
to day, from month to month, and from year to 
year, responding to variations in precipitation, 
temperature, land use, soil moisture conditions, 
the growth cycle of vegetation, and ground water 
levels. Since the quantity of streamflow is the 
product of many interrelated hydrologic factors, 
the most efficient way to determine streamflow 
characteristics is to measure the streamflow 
itself. 

Pr ior  to initiation of the Milwaukee River water- 
shed study, the U. S. Department of the Interior, 
Geological Survey, had operated gaging stations in 
the watershed on the Milwaukee River at Milwau- 
kee and on Cedar Creek near Cedarburg. Contin- 
uous streamflow records have been obtained at 
Milwaukee since May 1914 and at Cedarburg since 
August 1930. In cooperation with the Regional 
Planning Commission and the Wisconsin Depart- 
ment of Natural Resources, four additional gaging 
stations were established within the watershed in 
1967 by the U. S. Geological Survey. These gages 
record flows of the East Branch of the Milwaukee 

River near New Fane, the North Branch of the 
Milwaukee River near Fillmore, and the Milwaukee 
River near Kewaskum and Waubeka. Discharge 
records were compiled from rating curves based 
on water stage records observed at gaging points, 
and discharge measurements made by current 
meter. The gage at Milwaukee is an automatic, 
continuous water stage recorder, as  are the gages 
at three of the four new stations, one of the new 
stations-that at Kewaskum, being a staff gage. 
The gage on Cedar Creek, which must be oper- 
ated manually, is a wire weight device and is 
observed twice daily. Locations of these stations 
a re  shown on Map 28. Ideally, a long, continuous 
streamflow record is required before a represen- 
tative picture of streamflow can be obtained. Of 
the stations operated in the Milwaukee River 
watershed, only the stations at Milwaukee and 
Cedarburg have records of sufficient length to 
represent long-term conditions. 

The range of daily variations of streamflow quan- 
tity is shown in the flow duration curves in Fig- 
ures  11 and 12.8 A flow duration curve is defined 
as  a cumulative frequency curve that indicates the 
percentage of time that specified discharges may 
be expected to be equaled or exceeded. For 
example, the curve developed for the Milwaukee 
River at Milwaukee indicates that 10 percent of 
the time the mean daily discharge has been, and 
may be expected to be, greater than 890 cfs (cubic 
feet per second). Flow duration curves are  most 
frequently used as an aid in forecasting the avail- 
ability of specified rates of streamflow. There- 
fore, they are  most valuable when they have been 
derived from records of sufficient length to 
include periods of both high and low flow. Curves 
developed from short periods of record should be 
used with caution. 

The duration curve for the gaging station at Mil- 
waukee was developed using a 46-year period of 
continuous streamflow record and should be indic- 
ative of long-term streamflow characteristics. 
Recorded mean daily discharges ranged from a 
maximum of 14,800 cfs to a minimum of 0 cfs. 
The curve for the station on Cedar Creek near 
Cedarburg was developed using a 30-year per- 
iod of record. Recorded mean daily discharges 
ranged from a maximum of 3,600 cfs to a mini- 
mum of 0.2 cfs. 

K. B. Young, Flow Characteristics of Wisconsin Streams, 
U. S. Department of  the Interior, Geological Survey, Novem- 
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Source: Harza Engineering Company. 
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Prolonged periods of high streamflow occur prin- 
cipally in March and April, and minimum monthly 
runoff generally occurs in July or  August. The 
average, maximum, and minimum monthly runoff 
amounts for the Milwaukee gage are  shown on 
Figure 13. The average annual runoff at the 
Milwaukee (Estabrook Park) streamflow gaging 
station is approximately 381 cfs, or  246 mil- 
lion gallons per day.9 A similar analysis was 

9i%e average annual runoff for the 51-year period, 1915 
through 1965, was estimated to be 7.75 inches per year, as 
compared with 6.9 inches per year for the standard normal 
period, I931 through 1960. 

conducted for the gage on Cedar Creek near 
Cedarburg. The average, maximum, and mini- 
mum monthly runoff amounts are  shown on Fig- 
ure 14. 

Floods 
The most important hydrologic characteristics of 
floods are  the probabilities o r  frequencies of 
occurrence, the peak rate of discharge, the vol- 
ume of runoff, and the duration and timing of an 
event. "Probability" o r  llfrequencyll is defined 
for this purpose as the chance of occurrence, 
in any year, of a flood equaling o r  exceeding 
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a specified magnitude. Probability may be ex- 
pressed as a decimal, a fraction, o r  a percentage. 
"Recurrence interval1' i s  defined as  the average 
time interval between floods of a given magnitude 
and is  equal to the reciprocal of probability. For  
example, a flood that would occur on the average 
of once in 100 years would have a recurrence 
interval of 100 years and a 1 percent probability 
o r  chance of happening in any year. 

Frequency Analyses: A long and continuous record 
of river discharge is the best basis for determi- 
nation of flood frequency. Discharge records for 
the gaging stations located on the Milwaukee River 
at Milwaukee and on Cedar Creek near Cedarburg 
a r e  of sufficient length to justify probability 
analyses. Recorded instantaneous maximum dis- 
charges for each year were assigned frequencies 
using the log Pearson Type I11 statistical pro- 
cedure!' Graphical representation of these 

'' This procedure has been adopted by the Water Resources 
Council of the U. S. Government as the standard method for 
preparing frequency analyses of streamflow records. 

Source: Harza Engineering Company. 

relationships is shown in Figures 15 and 16. Dis- 
charge values for specific recurrence intervals 
a r e  listed in Table 26. 

In addition to the peak discharge frequency analy- 
ses,  volume frequency analyses were made for 
the Milwaukee River at  Milwaukee and for Cedar 
Creek near Cedarburg. From inspection of actual 
flood hydrographs, the flood volumes were deter- 
mined as  the amount of water passing the Milwau- 
kee gage in a 12-day period and the Cedarburg 
gage in a 7-day period. An estimate of base flow 
was made for each event and was subtracted from 
the total flood volume. Results of the statistical 
analyses of these flood volumes a re  shown graphi- 
cally in Figures 17 and 18. 

Instantaneous maximum flood peaks for 15 major 
floods for the Milwaukee River at Milwaukee and 
the corresponding volumes of runoff are  tabulated 
in Table 27. Comparison of the peak discharge 
and flood volume data listed in Table 27 shows 
that the five largest annual peak discharge events 
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which occurred during the 51 years of record 
were also the five highest annual flood volume 
events, although not in the same order. As cal- 
culated by the frequency analyses described above, 
the peak discharges for the five events range from 
77-year to 8-year flood recurrence intervals. 
Although spring floods dominate the list of major 
floods, the summer flood of August 1924 almost 
exactly equaled the discharge and volume of the 
largest spring flood of record, which occurred 
during March 1918. The June 1920 and June 1953 
flood volumes may be considered to be conserva- 
tively high, as computed by a peak-to-volume 
relationship based on higher floods; but it is con- 
sidered that the evidence justifies the use of the 
peak-to-volume relationship, and that no undue 
conservatism will result from synthesizing floods 
on this basis for the 10- and 100-year events. If 
the technique of using the two frequency analyses 
jointly were extended to synthesize the 15 major 
flood events listed in Table 27, only three floods 
(June 1920, February 1937, and June 1953) would 
depart significantly either in peak o r  in volume 
from the event which actually occurred. The con- 
servatism which would be introduced in synthe- 
sizing flood events with such short return periods 
(one to five years) is relatively unimportant. 
Inspection of Table 27 shows that these particular 
events a re  bracketed by other events with the 
same frequencies of occurrence that conform very 
closely with the assumption of joint use of the two 
separate frequency analyses. 

PEAK DISCHARGE FREQUENCY FOR 
CEDAR CREEK NEAR CEDARBURG 

FOR WATER YEARS 1931-1965" 
AVERAGE REWRRENQ INTERVAL IN YEARS 

PERCENT PROW4BIUTY OF OCCURRENCE IN ANY YEAR 

a THE PEAS DISCHARGE FREQUENCY VALUES SHOWN ON THIS FIGURE 
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Source: Harza Engineering Company. 
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Similar results were found for the 10 major floods 
for Cedar Creek near Cedarburg, as listed in 
Table 28. Comparison of the instantaneous peak 
discharges and flood volume data shows that all 
but one of the 10 largest annual discharge events 
which occurred during the 35-year period of 
record from 1931 to 1965 were accompanied by 
the annual events of the greatest volumes of run- 
off, although not in the same order. 

P E R C E h l  P R C B A B I L -  
I T Y  OF B E I N G  

E G U A L E C  OR EXCEEC-  
E C  I h  ANY Y E A R  

The peak discharges for the 10 largest events 
range from the 14-year to the 3-year recurrence 
intervals. Since the gage was established in 
August 1930, the Cedar Creek record does not 
include the three largest floods of record for the 
Milwaukee River gage. It is probable that, had 
the events of 1918, 1924, and 1929 been observed 

I N S T A N T A N t C U S  PEAK D I S C H A R G E  

M I L W A U K E E  R l V L R  A T  
M I L W A b K E E  I C F S )  

CEDAR CREEK NEAR 
CECAHt3URG I C F S I  
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and included in the analysis, the recurrence inter- 
val of the maximum event would have been equal 
to, or greater than, the period of record. 

Historic Floods: Characteristics of the four larg- 
est  historic floods were analyzed. Two reports, 
one issued by the State Planning Board of Wis- 
consin in 1940" and a second by the U. S. Army 

l1 Wisconsin State Planning Board Bulletin No. 10, The Mil- 
waukee River Basin, June 1940. 

'FIFTY-ONE YEAR PERIOD. UATER YEARS 1915-1965. 

b ~ ~ ~ ~ v ~ - ~ ~ ~  RUNOFF LESS BASE FLOW. 

SOURCE- U.S. CEULOGICAL SURVEY AN0 HARZA tYGINEtR1NG COMPANY. 

SELECTED DATA FOR MAJOR FLOODS OF 
RECORD ON THE MILWAUKEE R I V E R  

AT M I L H A U K E E  

TABLE  28 

SELECTED DATA FOR MAJOR FLOODS OF 
RECORD ON CEDAR CREEK NEAR CEDARBURG 

RUNOFF 
 VOLUME^ 

IINCHES) 

3.85 

3.61 

3 - 8 2  

2.39 

3.43 

1.98 

1.d3 

2.09 

0.87 

2.05 

1.38 

0.63 

1.60 

1.43 

1.75 

DISCHARLE 
 RANK^ 

1 

1 

3 

4 

5 

6 

7 

8 

9 

10  

1 1  

12  

13  

14 

15  

FLOOD YEAR AND MONTH 

1 9 2 4  AUGUST 

1918 MARCH 

1929 MARCH 

1960  MARCH 

1959 APRIL 

1948 MARCH 

1938 FE8RUARY 

1923 APRIL 

1920  JUNE 

1952 MARCH 

1937  FEBRUARY 

1953 JUNE 

1940  JUNE 

1933  APRIL 

1 9 4 6  MARCH 

RUNOF: 
RANK 

I 

3 

2 

5 

4 

12  

7 

8 

3 1 

1 0  

2 3 

38 

I 6  

19  

I 3  

MAXIMUM 
OISCHARGE 

I C F S l  

15.100 

15. LOO 

11.000 

9.300 

8.180 

8,080 

7.360 

7,060 

7.050 

7 ~ 0 1 0  

6. 640  

6.580 

6.510 

6.310 

6.330 

Corps of Engineers in 1964," were drawn upon for 
source material. 

1. Flood of March 1918: The flood of March 
1918, when the river reached its highest 
stage of record, was caused by a combina- 
tion of snowmelt and rainfall. In January 
and February 1918, precipitation with a 

1960 MARCH 

1952 MARCH 

1959  APRIL 

1950 MARCH 

1940 JUNE 

1946 MARCH 

1962 MARCH 

1965  APRIL 

1955 OCTOBER 

1948  MARCH 

12 U. S. Army Corps of Engineers, Survey Report for Flood 
Control on Milwaukee River and Tributaries, Wisco'nsin, 
November 1964. 

DISCHARGE 
RANK" 

RUNOFF 
 VOLUME^ 

I INCHES) 
FLOOD YEAR AND MONTH 

RUNOFF 
 RANK^ 

MAXIMUM 
DISCHARGE 

ICFS) 

'THIRTY-FIVE YEAR PERIOD. HATER YEARS 1931-1965- 

b ~ ~ ~ ~ ~ - O ~ ~  RUNOFF L t S S  8ASE FLOW. 

SOURCE- U.S. GEOLOGICAL SURVEY AND HARZA ENGINEERING COMPANY. 
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2 
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8 
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2.53 

2.30 

3.34 

2.63 

2.59 

1.91 

2.68 

2.16 

2.06 

1.78 



water equivalent of 5.43 inches fell on the 
basin, mostly in the form of snow. Monthly 
average temperatures of ~ O O F  in January 
and 2 2 O ~  in February prevented a large 
portion of this snowfall from melting until 
March 13 and 14. On these days a total of 
0. 83 inch of rain fell; and this, combined 
with the melting of accumulated snowfall 
due to a temperature r ise  on March 16, 
contributed to a rapid increase in runoff. 
On March 16 the river discharge at Mil- 
waukee was about 3,000 cfs. Four days 
later the discharge rose to 15,100 cfs and 
was followed by a rapid recession lasting 
for about five days. By the sixth day fol- 
lowing the peak, the flow had receded to 
2,000 cfs (see Figure 19). As noted in 
Table 27, 3. 67 inches of runoff passed the 
Milwaukee gage during the 12-day period, 
which began on March 14. Although part of 
the 5.43 inches of precipitation may have 

Figure 19 
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Source: Harza Engineering Company. 

run off before or after this period, the 
runoff represents nearly 60 percent of the 
total of the rain- and snow-water depths. 

2. Flood of August 1924: The flood of August 
1924 was caused by a severe rainstorm. 
This storm was centered over West Bend, 
where a total rainfall of 9.31 inches was 
recorded in a four-day period, of which 
7.58 inches fell in a 24-hour period. The 
rainfall at West Bend occurred as  follows: 

Inches of Total 
Date Rainfall Accumulated 

August 3 0. 32 0.32 

August 4 7. 58 7. 90 

August 5 1. 07 8. 97 

August 6 0.34 9.31 

This flood occurred at a time of year when 
the capacity of the ground to absorb water 
is ordinarily at a maximum and when veg- 
etation is normally at its full development. 
This is indicated by the fact that only 
3.85 inches of runoff were recorded at 
the Milwaukee gage for the 12-day per- 
iod beginning on August 4. This runoff 
is about 45 percent of the precipita- 
tion depth over the watershed. Map 29 
shows the rainfall pattern over the water- 
shed and indicates that the average rainfall 
for the storm was about eight inches. The 
Milwaukee River did not begin to r ise  
rapidly until the second day of the storm, 
August 4, on which day the heaviest rain- 
fall occurred. On August 3 the discharge 
of the river was relatively low, being only 
105 cfs at Milwaukee. On August 4 i t  had 
increased to 4,880 cfs. On August 5, the 
third day of the flood, the discharge rose 
to 10,700 cfs, passing the flood stage of 
5,400 cfs; and on the fourth day, the dis- 
charge rose to the peak of 15,100 cfs. 
Three additional days were required for 
the flood to subside to a moderate flood 
stage discharge of 6,400 cfs and about 
three more days to recede to a moderate 
discharge of about 3,000 cfs. 

3. Flood of March 1929: The flood of March 
1929, like the flood of March 1918, was 
caused by a combination of snowmelt and 



Map 2 9  
STORM OF AUGUST 3-6 ,1924 

OVER THE MILWAUKEE RIVER WATERSHED 

The severe flood of 1924 was caused by a four-day rainfall over 
the watershed of about eight inches, with a high of more than nine 
inches centered over West Bend, Wisconsin. This unusual rainfall, 
which occurred in August, resulted in a runoff of 3.85 inches over 
the watershed and a peak flood flow on the Milwaukee River of 
15,100 cfs, as measured at the Estabrook Park gage in Milwaukee, 
the highest summer flood flow in recorded history. The 1924 flood 
is estimated to have a recurrence interval of about 77 years. If 
this flood were to recur under present land use development con- 
ditions in the watershed, it could be expected to cause damages 
totaling about $1.4 million. 
Source: U.S. Geological Survey and Harza Engineering 
Company. 

rainfall. During the months of January and 
February 1929, the cumulative precipita- 
tion, mostly in the form of snow, amounted 
to the equivalent of 4.79 inches of water. 
The unusually cold monthly average tem- 
peratures of 1 2 O ~  and lg°F, respectively, 
for these two months support the conclu- 
sion that most of this precipitation was 
held on the watershed until the spring 
thaw. During the period from March 11 
to 16, the mean temperatures rose and 
remained continuously above freezing. On 
March 12 and 13, rainfall totaling slightly 
less than one inch fell on the watershed. 

Beginning with a discharge of 2,000 cfs on 
March 12, the r iver rose to a maximum of 
11,000 cfs on March 15; two days later the 
river dropped to 6,600 cfs and maintained 
an average discharge of about 5,500 cfs 
for five more days. 

This flood took three days to r i se  from 
2,000 cfs on March 12 to i ts  maxi- 
mum discharge of 11,000 cfs on March 
15, about the same time as the 1918 and 
1924 floods previously described. Although 
the maximum rate  of discharge was less 
than in either of the two previously de- 
scribed floods, the total amount of water 
discharged during the flood period was 
approximately equal to that discharged 
during the August 1924 flood. 

4. Flood of March 1960: As described in a 
1964 report of the U. S. Army Corps of 
Engineers:13 

. . .In the early part of 1960 the snowfall 
in southeastern Wisconsin was one of 
the highest of record. During the month 
of March, there were several snowfalls 
varying in amounts from one to nine 
inches. On the 29th the first  thunder- 
storm of the season crossed over the 
southern and eastern sections of the 
state. Rainfall at Milwaukee was 0.94 
inches and 1.63 inches for the 29th and 
30th, respectively. Rainfall at West 
Bend was 1.50 inches on March 30th. 
The storm rainfall was not unusually 
severe but, its occurrence in combina- 
tion with a sudden thaw over the basin 
resulted in the fourth highest flood of 
record on the Milwaukee River. 

An isohyetal map of this storm is shown 
on Map 30. 

On March 28 the river discharge at Mil- 
waukee was about 600 cfs. Discharge rose 
rapidly on March 29 and 30 and peaked a t  
9,300 cfs on March 31. The discharge 
receded uniformly, decreasing to 2,100 cfs 
after five days. Ten days after occurrence 
of the flood peak, the discharge had sub- 
sided to 900 cfs. 

13 Zbid, footnote 12. - 
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Although the spring rainfall-snowmelt flood of 1960 was only about 
a 10-year recurrence interval flood with a discharge of about 
9,300 cfs at the Estabrook Park gage in Milwaukee, it caused con- 
siderable property damage and created a demand on the part of 
a segment of the public for flood control facilities to protect the 
reach from the Village of Saukville to the City of Milwaukee. The 
March 1960 flood on the Milwaukee River was caused by two days 
of moderate rainfall occurring simultaneously with a sudden thaw 
of existing snow cover, producing a runoff equivalent of about 
2.6 inches of water. 
Source: U.S. Geological Survey and Harza Engineering 
Company. 
Characteristic Duration and Timing of Floods: 
Analyses of the historic flood events on the Mil- 
waukee River at Milwaukee indicate that the river 
r i ses  to a maximum discharge two to four days 
after significant runoff occurs ; nearly all the vol- 
ume of runoff from a storm passes the Milwaukee 
gage within 12 days; and the ratio of time to peak 
to time of recession is approximately 1 to 4.14 

SEDIMENT 

The planning of r iver control structures and the 
development of measures to control the effects of 

14 See Chapter XZZ of this volume, "River Performance Simu- 
lation," for a definition of terms and discussion of the time 
distribution of runoff: 

soil erosion and stream sedimentation on such 
structures require information on the sources and 
quantities of sediment being transported. 

Estimation of Sediment Loading 
in the Milwaukee River 
Eight measurements of suspended sediment trans- 
port rates and corresponding river discharges 
have been made by the U. S. Geological Survey at 
the Milwaukee River gaging station at Milwaukee. 
These eight measurements, together with mea- 
surements made on the adjacent Sheboygan and 
Root Rivers, were used as a basis for the estima- 
tion of sediment loading in the Milwaukee River 
basin. 

In the analyses, 10 percent was added to each of 
the measured values of suspended sediment to 
account for bedload." The adjusted data were 
reduced to sediment contribution per square mile 
of drainage area, and the curves shown in Figure 
20 were developed. Curves representing the 
sediment transport capacities of the streams for 
a range of discharges were fitted graphically to 
plotted points for each of the three rivkrs, and a 
composite curve was drawn based on the plotted 
data for all three rivers. 

The flow duration data for the Milwaukee River at 
Milwaukee (see Figure 11) was used to derive the 
yearly sediment transport rate for the Milwaukee 

l 5 ~ e  term bedload is defned as the coarser sediments 
which are transported in contact with the stream bottom, 
as opposed to the finer sediments which are transported in 
suspension in the streamjlow. 

Figure 2 0  
RELATIONSHIP BETWEEN SEDIMENT 
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MILWAUKEE, ROOT, AND SHEBOYGAN RIVERS 

e 001 

0001 0002 001 0.1 10 0 100.0 
SEDlMENT TRANSPORT IN TONS PER DAY PER SQUARE MILE 

Source: Harza Engineering Company: 



River. Daily discharge rates that occurred during 
the period 1915-1960 were divided into classes, 
and the probability of each flow class being 
equaled or  exceeded was determined.16 The yearly 
sediment load was calculated by summing the 
product of days per year that each flow class 
occurred and the corresponding sediment rate as 
determined from Figure 20. Table 29 lists the 
results of these calculations based on the compos- 

l6 Op. cit., footnote 8. 

ite sediment transport curve and the flow dura- 
tion curve for the Milwaukee River at Milwaukee. 

As shown in Table 29 , the sediment load per 
square mile is estimated as  16 tons per year 
using the Milwaukee data only and 61 tons per 
year using the composite data. Although these 
results differ substantially, i t  is considered desir- 
able to use the higher value until more observa- 
tions of actual sediment loadings on the Milwaukee 
River have been made. 

TABLE 29 

E S T I M A T E D  YEARLY S E C I M E N T  LOAD I N  THE MILWAUKEE R I V E R  WATERSHED 

O U S I N G  S E D I M E N T  DATA FROM THE MILWAUKEE R I V E R  ONLY. 

b~~~~~ S E D I M E N T  DATA FROM THE MILWAUKEE,  ROOT, AND SHEBOYGAN R I V E R S *  

C~~~~~~ THE RANGE OF FIGURE 20. 

d ~ ~ ~ ~ ~ ~ ~ .  

SOURCE- H A R Z A  E N G I N E E R I N G  COMPANY. 

FLOW 
CLASS 

1-10' 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
22 
2 3  
24 
25 
26 
2 7 
2 8 
29 
3 0 
3 1 
32 
33 
34 

YEARLY 
T O T A L  

AVERAGE 
FLOW 
( CFS 1 

-- 
35 
4 5 
5 5 
7 0 
90 
125 
175 
225 
275 
350 
450 
550 
700 
900 

1, 250 
1,750 
2s 250 
2, 750 
3,500 
4,500 
5 r 500 
7,000 
9,000 
11,000~ 

- - 

C O M P O S I T E  
S E D I M E N T  

LOAD  RATE^ 
( T O N S  PER Y E A R )  
( SQUARE M I L E  1 

- - 
0.013 
0.027 
0,044 
0.150 
0,260 
0 -765 
0.770 
0.870 
0,961 
1 860 
1,810 
1.610 
3.114 
3.050 
6,820 
5.810 
4.950 
5.130 
6.050 
4.660 
3.770 
4.120 
2. 140 
2 .  350 

61. 104 

DAYS 
PER YEAR 

5.91 
7 86 
11-40 
13.48 
30.50 
35 70 
61.20 
35.85 
27-20 
20 90 
28.20 
18 50 
11.93 
15.70 
9. 86 
13.30 
6-35 
3.67 
2. 70 
2-24 
1-11 
0.65 
0.48 
0- 17 
0. 13 

365, 00 

FLOW R A T E  
PER 

UNIT AREA 
( CF S 
(SQUARE M I L E )  

- - 
0 05 1 
0.066 
0.080 
0.102 
0,131 
0. 182 
0.255 
0.328 
0.401 
0.510 
0.656 
0.802 
1.020 
1.310 
1 820 
2.550 
3.280 
4.010 
5. 100 
6.560 
8.020 
10,200 
13.100 
16.050 

- - 

M I  LHAUKEE K I  VEK 
S E D I  HEBT 

LOAD R A T E O  

( TONS PER YEAR) 
( SQUARE M I L E  1 

-- 
0. 008 
0,018 
0.028 
0,088 
0.146 
0.391 
0.366 
0.395 
0.398 
0.741 
0. 685 
0,585 
1. 052 
0.917 
1 940 
1.460 
1.190 
1. 160 
1. 320 
0.920 
0,702 
0.740 
0- 370 
0.373 

15.993 



Sediment Loadings in Other Streams 
Data have been collected and published for many 
other streams throughout the United States. Two 
interagency reports17 have been published on 
sediment in streams and sedimentation in res-  
ervoirs in the United States. Data in these 
reports show that the sediment-carrying capacity 
of streams is extremely variable and that inter- 
pretation of the results of observations requires a 
knowledge of the climate, soils and land use, topo- 
graphy, and geologic and drainage development 
that prevail in an area. 

The annual sediment yield for 35 stations on Wis- 
consin rivers included in the studies ranges from 
two to 667 tons per square mile per year, with an 
average value of less than 100 tons per square 
mile per year. These data are for streams in all 
areas of the state except those watersheds drained 
by rivers flowing to Lake Superior and Lake 
Michigan. Data are available for several stations 
located on rivers lying adjacent to the Milwaukee 
River watershed, which rivers drain areas with 
similar topographic and land use characteristics. 
Sediment yield from the 179 square miles of the 
East Branch of the Rock River near Mayfield, 
Wisconsin, i s  19 tons per square mile per year. 
This area is very similar to the extreme upper 
part of the Milwaukee River watershed. The 
Crawfish River at Milford, Wisconsin drains 732 
square miles and yields sediment at the rate of 
45 tons per square mile per year; and the Baraboo 
River near Baraboo, Wisconsin, drains 600 square 
miles and yields 43 tons of sediment per square 
mile per year. These two rivers are  similar to 
the ~ i l w a u k e e  River watershed upstream from the 
Milwaukee gaging station. 

Factors Affecting Sediment Yield 
in the Milwaukee River Watershed 
  he results of the analyses and comparisons 
described above indicate that the probable-average 
quantity of sediment transported annually by the 
Milwaukee River, 16 to 61 tons per square mile 
per year, is relatively small for such a large 
stream system in a humid area. The conclusion 
is reasonable, however, considering the drainage 

l7 See Summary of Reservoir Sediment Deposition Surveys 
Made in the United States through 1960, Miscellaneous Pub- 
lication No. 964, A~ricultural Research Service, U. S. De- - 
partment of Agriculture, in cooperation with the Subcommit- 
tee on Sedimentation, Inter-Agency Committee on Water Re- 
sources, and Draft No. 2 of Appendix G, "Fluvial Sediment 
in the Upper Mississippi River Basin," U. S. Department of 
the Army, Corps of Engineers, prepared by an Interagency 
Task Force on Sedimentation, March 1, 1967. 

pattern which has developed in this glaciated 
watershed, the prevailing land use, and the large 
number of impoundments. 

Although some of the lands in agricultural use 
within the watershed are  covered by soils subject 
to severe erosion, much of the sediment from 
such lands is trapped and does not reach the main 
stream system, due to the poorly developed drain- 
age system of the watershed and the presence of 
numerous wetlands and depressions. The lands 
covered by permanent vegetation, such as  pasture, 
park lands, woodlands, and wetlands, contribute 
relatively little sediment to streams. 

After land i s  converted from rural to urban use and 
fully developed, with established lawns, shrubs, 
and trees,  little erosion occurs. Depending, how- 
ever, upon soil characteristics and slopes, upon 
previous land use, and upon construction methods, 
500 to 1,000 times as  much sediment may be 
washed away from a single acre of land duringcon- 
struction as  from the same land in a stable rural 
use. Figure 2 1  summarizes field observations and 
shows that drainage areas ranging in size from 
about one to 100 square miles may, on the whole, 
exhibit a 100-fold increase in sediment production 
per unit area of land surface during construction 
activity associated with the transition from agri- 
cultural to urban land use. Increases in the steep- 
ness and length of land slope, both of which may 
occur during the urbanization process, increase 

Figure 21 
SEDIMENT PRODUCTION FROM NATURAL OR 
AGRICULTURAL AREAS AND FROM AREAS 

UNDERGOING BUILDING CONSTRUCTION 
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DRAINAGE AREA IN SQUARE MILES 
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DATA FROM MOSTLY NATURAL AREAS 

A GENERALIZATION mR AGRICULTURAL OR NATURAL AREAS 
C GENERALIZATION FOR AREAS UNDERGOING BUILDING 

CONSTRUCTION; SEDIMENT HIGHLY DILUTED BEFORE 
REACHING CHANNELS 

UC GENERALIZATION FOR AREAS UNDERGOING BUILDING 
CONSTRUCTION. SEDIMENT UNDILUTED BEFORE 
REACHING CHANNELS 

Source: "Hydrologic Data for Urban Land-Planning," Luna 
B. Leopold, January 1967. 



the velocity of surface water runoff and thus i t s  
erosion potential. By studying field data obtained 
from a variety of areas, i us grave^^ quantified 
the influence of slope steepness and length, con- 
cluding that sediment production per unit area of 
land surface i s  proportional to slope steepness to 
the 1.35 power and to slope length to the 0.35 power. 
Therefore, while both slope steepness and length 
are important factors, the erosion rate i s  more 
highly sensitive to the former. A twofold increase 
in slope steepness resulting from construction, 
for example, increases the sediment production 
per unit area about 2.5 times. From a practical 
standpoint, land use changes involving construction 
on slopes over 1 2  percent are particularly harmful 
insofar as sediment production i s  concerned. 

In addition to carefully adjusting the kind of urban 
land use to the ability of the land to accommodate 
specific urban land uses, especially on steep 
slopes, several additional measures can be used 
to minimize the erosion and transport of sediment 
to stream channels when land is changed from 
rural  to urban use. The amounts of cut and fill in 
an area can be minimized, tree cutting can be 
restricted within the construction area, mulching 
or  seeding of exposed surfaces can be required, 
and a maximum limit can be set for a proportion 
of a given area which can be exposed, that is, 
stripped of ground cover at any one time. Even 
with application of such measures, however, some 
sediment still will be carried away from develop- 
ment sites. To prevent it from reaching the 
streams in the watershed, buffer zones adjacent 
to the areas under urban development should be 
kept in woods or meadows to catch sediment as 
spring snowmelt and severe storm water runoff 
carry i t  over land. 

Sediment Effects in the Watershed 
The potential for the Milwaukee River system to 
decrease storage through deposition of silt in 
potential large impoundments i s  very small. The 
probable loss of storage in three potential reser-  
voirs at the Horns Corners, Newburg Diversion, 
and Waubeka sites i s  discussed in Chapter III, 
Volume 2, of this report. Even the small existing 
impoundments located on the major streams in the 
watershed have not been subject to any severe sil- 
tation, even though most of the dams were con- 
structed many years ago. This subject i s  further 
discussed in Chapter V of Volume 1 of this report. 

l8 G. W. Musarave, " f i e  Ouantitative Evaluation o f  Factors - - - 
in Water Erosion - A First Approximation," Journal of Soil 
and Water Conservation, Vol. 2, No. 3, 1947, pp. 133-138. 

Even though sediment transport in the main river 
is small, the potential exists for the develop- 
ment of local siltation problems. Particularly 
on smaller tributary streams, siltation may be 
caused by temporary poor soil conservation prac- 
tices during urban development and highway con- 
struction operations. Silt bars also can develop 
in the main stream system due to poor farming 
and construction practices and due to the ero- 
sion of unstable stream banks and reworking of 
streambed sediments. Such problems a re  usu- 
ally transitional and cannot be quantified on the 
same basis, as can the effects of the long-term 
sediment-carrying capacity of the streams. 

GROUND WATER HYDROLOGY 

Principles of Occurrence 
That part of precipitation that seeps into the 
ground and escapes, becoming evapotranspiration 
or  part of the soil moisture, percolates downward 
until it reaches the water table and becomes part 
of the ground water system. Ground water occu- 
pies the openings in the rock materials below the 
water table. In loose, unconsolidated materials, 
i t  fills the pore spaces between the individual 
grains. In consolidated rock the openings filled 
may also include those along bedding planes, 
fractures, faults, joints, and solution cavities. 
Solution cavities are  important in the dolomite 
formations of the Milwaukee River watershed. 
Intergranular pore openings in consolidated rocks 
may be fewer and smaller than those in unconsoli- 
dated rocks because they are  often constricted by 
cementing materials, such as calcite and silica. 
Crystalline rocks, such as granite and quartzite, 
contain little or no intergranular pore space; and 
ground water occupies only the fractures and 
crevices that cut them. 

Movement of ground water can take place only if 
the openings in the enclosing formations are  inter- 
connected. The rate of movement i s  controlled 
largely by the size of the openings; movement is 
slow in fine-grained materials and relatively rapid 
in coarse-grained materials. The capacity of 
a particular rock material to transmit water i s  
known as i ts  permeability, o r  hydraulic conduc- 
tivity; and a formation capable of transmitting 
significant quantities of water to wells o r  springs 
i s  called an aquifer. 

Movement of ground water between two intercon- 
nected points occurs if there is a hydraulic head 
(elevation head plus pressure head) difference 



between the points. Flow is always down the 
hydraulic gradient, from an area of high hydraulic 
head to one of low hydraulic head. Ground water 
may occur either under water table o r  artesian19 
conditions. Under water table conditions, the top 
of the zone of saturated subsurface earth mate- 
r ials  i s  open directly to atmospheric pressure; 
and flow is from an area of high elevation toward 

area of low elevation of the water table. 

Ground water occurs under artesian conditions 
wherever a permeable formation i s  overlain by 
relatively impermeable formations within the zone 
of saturation. The impermeable formation con- 
fines water in the permeable unit under hydraulic 
pressure. Flow of ground water in an artesian 
aquifer i s  similar to gravity flow from a high 
elevation reservoir through a pipe distribution 
system. The static water level in wells tapping 
artesian aquifers always rises above the top of 
the artesian aquifer. Discharge from artesian 
aquifers is controlled by the confining stratum, 
and rechargemof the artesian aquifer generally 
occurs where the confining stratum i s  missing. 

Flowing wells result if the artesian pressure sur- 
face at the well is higher than the land surface. 
Flow continues until the artesian pressure head is 
lowered below the land surface. Ground water is 
released from storage in water table and artesian 
aquifers as the result of different physical proc- 
esses. In a water table aquifer, ground water is 
released to wells by gravity drainage of the aqui- 
fer  pore spaces. In an artesian aquifer, water is 
released to the well a s  the result of compression 
of the aquifer and expansion of ground water 
caused by the reduction of artesian pressure. 
Uncased wells provide conduits for easy move- 
ment of ground water between aquifers in a 
multi-aquifer system, such as is present in the 
Milwaukee River watershed, both upward under 
artesian pressure and downward under gravity 
flow conditions. 

An aquifer consisting of tightly packed, well- 
sorted spherical particles of sand may contain 
up to 45 percent water by volume (about three gal- 
lons per cubic foot storage capacity). About one- 
half of this volume may be drained from a water 

19 The term artesian refers to ground water under sufficient 
hydrostatic head to rise above the aquifer containing it if free 
to do so. 

*'The term recharge is defned as the flow to an aquifer 
from infiltration, from precipitation, from surface streams, 
and other sources. The term may refer to the process of 
replenishment or to the quantity of water added to the aqui- 
fer. 

table aquifer given sufficient time, whereas the 
quantity of ground water released from a cubic 
foot of similar materials under artesian conditions 
i s  extremely small by comparison. The practi- 
cal consequence of the difference is that pumping 
from an artesian aquifer affects an immense area 
compared to the area affected by pumping at an 
equivalent rate from a water table aquifer. 

The water table and artesian pressure surface a re  
called potentiometric, o r  piezometric,2' surfaces; 
and maps that show the elevation of the water 
table and artesian pressure surface are  known as 
potentiometric, o r  piezometric, surface maps. 

Principles of Aquifer Hydraulics 
To evaluate the water supply potential o r  the 
effects of proposed development on an aquifer, the 
hydraulic properties of the aquifer materials must 
be known or  estimated. Two hydraulic coefficients 
are  used by the U. S. Geological Survey for this 
purpose. The hydraulic conductivity, K, of an 
aquifer (former terminology-coefficient of per- 
meability, P) is defined as  the rate of flow of 
water in gallons per day (gpd) through a cross- 
sectional area of one square foot of geologic 
material under a hydraulic gradient of one foot 
drop in head in one of flow distance at a tempera- 
ture of 60°F. The transmissivity, T, of an aquifer 
is defined as  the rate of flow of water in gpd 
through a vertical str ip of aquifer one foot wide, 
extending the full saturated thickness of an aquifer 
under a hydraulic gradient of 100 percent (one foot 
drop in head in one foot of flow distance). A 
statement of transmissivity is given by: 

where : 

K - the hydraulic conductivity, a s  defined 
above; and 

m = the saturated thickness of the aquifer 
in feet. 

The storage coefficient, S, of an aquifer i s  the 
volume of water it releases from, o r  takes into, 
storage per unit surface area of the aquifer per 
unit change in the component of head normal to 
that surface. The storage coefficient i s  dimen- 
sionless; in water table aquifers, the normal 
range is between 0.05 and 0.30 and in artesian 
aquifers, between 0.00001 and 0.001. 

The term potentiometric, or piezometric, surface is de- 
fined as an imaginary surface that everywhere coincides with 
the static level of water in an artesian aquifer. It is the sur- 
face to which water in such an aquifer would rise under its 
full head i f f e e  to do so. 



The specific capacity of a well is defined as  the 
yield of the well, expressed in gallons per minute, 
per foot of wdrawdown.ll In Wisconsin water-well 
drillers perform a specific capacity test on each 
production well drilled. The test is accomplished 
by measuring the depth to the static, o r  nonpump- 
ing, water level in the weli and then the depth 
to the pumping water level after a period of sev- 
eral  hours of discharge at a constant rate. The 
difference in depth between the two measurements 
i s  the drawdown. Drawdown measured in a dis- 
charging well i s  a function of the hydraulic prop- 
ert ies and local boundary conditions in the aquifer, 
the length and rate of discharge, and the well- 
construction characteristics. Specific capacity 
data may be used to estimate the potential yield 
of a well and the hydraulic properties of the aqui- 
fer. Specific capacities of wells in a uniformly 
permeable aquifer will increase a s  the thickness 
of the aquifer open to the well increases. 

As already noted, the replenishment of ground 
water in an aquifer i s  laown as  recharge. Infil- 
tration of precipitation and surface water a re  
the chief forms of recharge. Knowledge of the 
recharge ra te  to an aquifer i s  important because 
i t  can be used to estimate the practical rate of 
sustained withdrawal for the aquifer. Wherever 
ground water withdrawal exceeds the recharge 
rate, overdraft (mining) of the aquifer occurs; and 
a continuous decline of the potentiometric surface 
and depletion of aquifer storage results. 

A well discharging from an aquifer forms a cone 
of depression in the potentiometric surface around 
the well as  ground water flows toward the well. 
The cone of depression expands and deepens at 
a decreasing rate if there i s  no recharge to the 
aquifer. If recharge i s  available, the cone of 
depression stabilizes when the withdrawal rate 
becomes equivalent to the rate of recharge. 

Barr ier  boundaries a re  impermeable zones in an 
aquifer that are barriers to ground water flow. 
When intersected by a cone of depression, a bar- 
r i e r  boundary causes increased drawdown of the 
cone. Intersecting cones of depression of two o r  
more pumping wells interfere with each other and 
produce effects similar to those caused by barrier  
boundaries. The increased drawdown caused by 
barrier  boundaries and interfering wells i s  mini- 
mized by allowing sufficient distance between 
pumping wells and known barrier  boundaries. 

A recharge boundary is a recharge source, such 
as  a stream, that fully penetrates and i s  hydrau- 
lically interconnected to a shallow aquifer. The 
effect of a recharge boundary upon the cone of 
depression i s  to reduce the drawdown in the cone 
of depression. 

The effects of barrier  and recharge boundaries 
upon the cone of depression a re  shown diagram- 
matically in Figure 22. Barrier and recharge 
boundaries affecting ground water flow in aquifers 
a re  seldom as  abrupt as indicated in the figure. 
Gradual changes in the aquifer materials, aqui- 
fer  thinning, shallow surface streams, and verti- 
cal leakage a re  common conditions; and each 
simulates diffused boundary effects during aquifer 
development. 

Hydrology of Aquifers 
There are  three principal aquifers underlying the 
Milwaukee River watershed: the sandstone aqui- 
fer ,  the dolomite aquifer, and the sand and gravel 
aquifer. The two most important of these are  
the sandstone and the dolomite aquifers, which 
underlie the entire watershed and are  generally 
available for use at any locality. The sand and 
gravel aquifer i s  of less importance because i t  
i s  present mainly in the more rural  western 
and northern areas of the watershed, where the 
requirement for intensive ground water develop- 
ment i s  not foreseen. Table 30 summarizes the 
hydrology of the watershed aquifers. The details 
of the hydrology of each aquifer are  discussed 
separately beIow. 

The Sandstone Aquifer: In the Milwaukee River 
watershed, the sandstone aquifer includes all the 
geologic units between the Maquoke ta shale and 
the Pre-Cambrian rocks, some of which a re  not 
sandstones. Some wells in the sandstone aquifer 
in the Milwaukee area  a re  reported to yield over 
1,800 gpm (about 2.6 mgd). The Maquoketa shale 
confines water in the sands tone aquifer under 
artesian pressure and is normally cased off in 
wells to prevent destruction of the well by caving 
of the formation. 

The average transmissivity and coefficient of 
storagez2 of the sandstone aquifer in the Milwau- 
kee area have been determined to be 23,000 gpd 

22The term coeflcient of storage is defined as a dimension- 
less factor representing the volume of water released from 
a vertical prism of an aquifer having a base of unit area and 
a height equal to the thickness of the aquifer when the piezo- 
metric surface falls one unit of height. 
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S T R A T I G R A P H I C  U N I T S  AND H Y O R A U L I C  C H A R A C T E R I S T I C S  
OF T H E  MAJOR A Q U I F E R S  OF T H E  M I L W A U K E E  K I V k K  ~ A T E R S H E D "  

"FOR A D D I T I O N A L  I N F O R M A T I O N  CONCERNING THESE AQUIFERS A N 0  T H E I R  GEOLOGIC COMPONENTSt SEE CHAPTER I V  OF T H I S  VOLUME. 
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per foot (gallons per day per foot) and 0.00039, 
F~gure 23 

respectively. In the extreme northeastern corner WELL LOG OF THE LAC DU COURS SUBDIVISION IN 

of Dodge County, the average values determined THE CITY OF MEQUON SHOWING LITHOGRAPHIC DETAILS 
(LAND SURFACE AT WELL - 665 FEET ABOVE M.S.L.) 

have been 5,800 gpd per foot and 0.00013, respec- 
tively. Aquifer tests have not been performed 
in the intervening areas. The minimum average 
transmissivity of the sandstone aquifer is esti- 
mated to be about 3,000 gpd per foot in an area 
where i t  is thinnest, in west central Washing- 
ton County. East and northeast of this area,  
transmissivity probably increases to as  much 
as  10,000 gpd per foot as  the aquifer thick- 
ness increases. West of the watershed, where 
the aquifer i s  not overlain by the Maquoketa 
shale, there i s  an apparent increase in the aqui- 
fer  transmissivity. 

The Platteville-Galena unit, which i s  mainly dolo- 
mite, i s  considered part of the sandstone aquifer 
because i t  is left uncased in deep wells; and i t  i s ,  
therefore, f ree  to contribute water to them. There 
are  no wells in the watershed that obtain ground 
water from this unit alone, and little is known 
about its hydraulic properties. The thickness of 
the Platteville-Galena unit i s  generally uniform 
throughout the watershed, but i t s  hydraulic con- 
ductivity probably increases toward the west, 
where the overlying rocks a re  thinner. Fracture 
and bedding plane permeability in all of the geo- 
logic formations probably i s  greatest along the 
western edge of the watershed. 

The St. Peter sandstone, the uppermost sandstone 
unit in the sandstone aquifer, is one of the more 
permeable water-bearing units in the aquifer. The 
erosion surface upon which the St. Peter sand- 
stone was deposited cuts across some of the 
underlying formations and thereby interconnects 
them hydraulically with the St. Peter sandstone. 

In the Milwaukee area,  the Mount Simon sandstone 
is probably the most productive water-bearing 
unit in the aquifer, whereas in the northwestern 
part of the watershed, the Galesville sandstone is 
believed to be the most productive. 

Map 31 shows the approximate thickness of the 
sandstone aquifer below the Platteville-Galena 
unit. The thinnest part of the aquifer coincides 
with the position of a hill in the Pre-Cambrian 
surface. The Platteville-Galena unit adds between 
220 and 260 feet to the aquifer thickness through- 
out the watershed. The thickness of the aquifer 
beneath the Milwaukee area i s  unknown but i s  
believed to be as  much as  2,000 feet. Source: Wisconsin Geological Survey. 

GLACIAL DRIFT - CLAY, OARK REDDISH- 
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PORTION IS MOSTLY A SUBANGULAR, 
LIGHT YELLOW. F lNE TO VERY FlNE 
DOLOMITE WlTH A TRACE OF 
PYRITE, SAND AND SHALE. 

SILURIAN DOLOMITE -FINE DENSE CLAY 
AND SILT, RANGING IN COLOR FROM 
A MOTTLED WHITE TO A MOTTLED 
PURPLE. WlTH TRACES OF SHALE 
AND STAINED PYRITE. 

MAQUOKETA SHALE - UPPER PORTION 
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The total amount of recharge to the sandstone 
aquifer is presently less than i ts  discharge and 
enters the aquifer system in three ways. It occurs 
a s  infiltration of precipitation through glacial 
deposits and the Platteville-Galena unit in a 
recharge area located west of the watershed, 
where the Maquoketa shale and younger forma- 
tions are  absent. A small amount of recharge 
also occurs as vertical leakage through the Ma- 
quoketa shale. Leakage occurs because there is 
a head, o r  pressure difference, between the sand- 
stone aquifer and the dolomite aquifer, which 

Map 31  

APPROXIMATE THICKNESS OF THE SANDSTONE AQUIFER 
IN THE MILWAUKEE RIVER WATERSHED 

overlies the Maquoketa shale. The difference in 
elevation between the potentiometric surfaces of 
these two aquifers defines the approximate head 
difference acting across the Maquoketa shale a t  
any locality. If the vertical permeability of the 
Maquoketa shale is assumed to be uniform, l e a -  
age will be greatest where the head differences 
are  largest. Map 32 indicates the potentiometric 
surface of the sandstone aquifer, and Map 33 indi- 
cates the potentiometric surface for the combined 
dolomite aquifer and the glacial deposits. A com- 
parison of the two maps indicates that the eleva- 
tion of the potentiometric surface of the combined 
dolomite aquifer and glacial deposits is greater 
than the potentiometric surface of the sandstone 
aquifer throughout the watershed; therefore, some 

The approximate thickness of the deep sandstone aquifer below 
the Platteville-Galena unit ranges from less than 100 feet in the 
West Bend area of the watershed to more than 700 feet at the Mil- 
waukee-Ozaukee County line. The thinnest part of the aquifer 
coincides with a hill in the Pre-Cambrian rock surface. The 
Platteville-Galena unit is mainly dolomite but is sometimes con- 
sidered part of the sandstone aquifer because it is left uncased 
in deep wells. Inclusion of the Platteville-Galena unit would gen- 
erally add from 200 to 260 feet to the thickness of the sandstone 
aquifer. Beneath the Milwaukee area, the thickness of the sand- 
stone aquifer is unknown but is believed to be as much as 2,000 
feet. 
Source: U.S. Geological Survey. 

Map 32 

GENERALIZED WTENTIOMETRIC SURFACE OF THE SANDSTONE AQUIFER 
IN THE MILWAUKEE RIVER WATERSHED 

1969 

The deep sandstone aquifer has aistorically been a major source 
of water supply for Milwaukee industries. Water levels in this 
aquifer have declined by over 400 feet since this water-bearing 
strata was first tapped in about 1880, and natural pollution of 
the aquifer is occurring in northeastern Milwaukee County due to 
the movement of saline waters into the pumpage area. As a con- 
sequence, the use of the aquifer is declining as large water-using 
industries shift to Lake Michigan as a source of supply. 

Source: U.S. Geological Survey. 
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GENERALIZED POTENTIOMETRIC SURFACE OF THE DOLOMITE AOUIFER 
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downward flow must occur through the Maquoketa 
shale. The vertical permeability of the Maquoketa 
shale i s  estimated to be about 0.00005 gpd per 
square foot. Less than 3,000 gpd per square 
mile i s  an estimate of the maximum leakage that 
can occur under prevailing hydraulic conditions 
through the Maquoketa shale in the watershed. 

Because of the head difference between these aqui- 
fers ,  deep wells uncased in both the dolomite and 
the sandstone aquifers allow easy movement of 
water from the dolomite aquifer into the sandstone 
aquifer. This leakage o r  recharge to the sand- 
stone aquifer in the Milwaukee area is significant. 
In 1950 recharge was estimated to average about 
5.5 mgd (million gallons per day) through approxi- 
mately 100 wells, an average of about 55,000 gpd 
per well. 

The approximate direction of movement of ground 
water in the aquifer is defined by the potentio- 
metric surface map for  the sandstone aquifer (see 
Map 32). The direction of flow is perpendicular 
to the contour lines, down the hydraulic gradient. 
Water in the sandstone aquifer in the southern 
half of the watershed flows east, then southward 
toward the Milwaukee area. In the northern half, i t  
flows northeast, then east toward Lake Michigan. 

Discharge from the sandstone aquifer in the 
southern portion of the watershed occurs almost 
entirely through wells. In 1967 this discharge 
averaged about 2.74 mgd. Most of the water 
moving through the aquifer in the northern half of 
the watershed eventually discharges naturally out- 
side the watershed by upward movement into the 
overlying formations and Lake Michigan. 

The potentiometric surface of the sandstone aqui- 
f e r  sloped gently eastward throughout the water- 
shed in 1880, when the sandstone aquifer was f irst  
tapped by wells. Wells in the aquifer in the Mil- 
waukee area generally flowed at the surface as  
the result of the artesian pressure. Subsequent 
development of the aquifer in the Milwaukee area 
has resulted in a decline of the potentiometric 
surface in excess of 400 feet locally; consequently, 
wells no longer flow. However, pumpage from the 
aquifer in the watershed has decreased signifi- 
cantly during the past 20 years. Outside the 
watershed, pumpage i s  increasing in some areas 
but is also decreasing in others; and, as  a conse- 
quence, the net effect on the aquifer within the 
watershed cannot a s  yet be accurately determined. 
Observation well data indicate that the rate of 
water level decline in the aquifer in the watershed 
i s  at least slowing down. 

Circulation of fresh ground water in the aquifer 
from west to east during recent geologic ages has 
flushed most of the salt water trapped within the 
formation during their deposition in ancient seas. 
However, deep wells along the eastern edge of 
the watershed obtain water from the sandstone 
aquifer with a significant concentration of salinity. 
The position of the western boundary between the 
fresh water and saline water is poorly defined 
north of Grafton in Ozaukee County due to the 
absence of wells in the sandstone aquifer. Salinity 
will limit the potential use of the water from the 
sandstone aquifer for many purposes. The prob- 
lem of salinity is discussed in the section on 
ground water quality contained in Chapter X of 
this volume. 

The Dolomite Aquifer: The dolomite aquifer under- 
lies the entire Milwaukee River watershed, except 
for a small area north of the Village of Slinger in 
Washington County. The dolomite aquifer con- 
sists  mainly of Silurian dolomite but also includes 
Devonian dolomite in the southeastern part of the 
watershed. 

Erosion and glacial deposition have complicated 
the hydrology of the aquifer. Valleys eroded into 
the dolomite form hydraulic discontinuities in 
the upper part of the aquifer which may act as  
barr ier  o r  recharge boundaries, depending upon 
the relative permeability of the contained glacial 
materials. 

Permeability in the dolomite aquifer i s  due pri- 
marily to enlargement by ground water solution 
of bedding planes, fractures, and other crevices 
that a re  irregularly distributed both areally and 
vertically within the aquifer. The upper part of 
the aquifer, the part most affected by erosion, 
probably is more permeable than the lower part. 
Areas of greater permeability may be present 
within, and adjacent to, preglacial valleys. 

The effective average transmissivity of the aqui- 
fer  in the watershed is estimated to range between 
2,000 and 10,000 gpd per foot; and the storage 
coefficient i s  generally within the artesian range, 
between 0.005 and 0.0001. Water table conditions 
may occur locally where the saturated glacial 
deposits overlying the dolomite are either thin, 
absent, o r  coarse grained. The storage coeffi- 
cient resulting from long-term, large-scale aqui- 
fer  development will probably be semi-artesian- 
that i s ,  intermediate between water table and 
artesian-as the result of vertical leakage from 
the glacial deposits. 



Very few unsuccessful wells in the dolomite 
aquifer are reported in the watershed; high- 
capacity wells-that i s ,  wells capable of a dis- 
charge greater than 70 gpm-have been completed 
in the aquifer in most of the area. During 1967 
a well in the dolomite aquifer in the City of West 
Bend was pumped at an average rate of 794 gpm, 
o r  about 1.14 mgd. 

The median specific capacity value for 99 high- 
capacity wells in the watershed in the dolomite 
aquifer was 2.4 gpm per foot of drawdown. Speci- 
fic capacity in 10 percent of these wells exceeded 
15 gpm per foot of drawdown, and the maximum 
specific capacity was 47.1 gpm per foot of draw- 
down. The wide range in values indicates the 
variable permeability within the aquifer, due 
largely to the irregular distribution and density 
of fracture and solution openings. 

Recharge to the dolomite aquifer i s  primarily 
from infiltration of precipitation and leakage from 
glacial deposits. Although the rate of recharge 
under nonpumping conditions probably is very 
small, pumping the aquifer induces recharge 
a s  vertical leakage from the overlying glacial 
deposits. The rate of leakage varies according to 
the vertical permeability of the glacial materials 
and the dolomite and the head differences acting 
between the two units. Maximum recharge in any 
area i s  reached when the water level in the dolo- 
mite aquifer i s  lowered to the base of the over- 
lying glacial deposits. No additional recharge i s  
induced when drawdown exceeds this depth. Based 
upon the studies of similar deposits in Illinois, the 
vertical permeabilities of the glacial deposits 
in the watershed probably range between 1 and 
0.008 gpd per square foot. Recharge will be 
greatest wherever sand and gravel deposits over- 
lie the dolomite aquifer, and i t  will be least where 
the dolomite is overlain by clay o r  till. An esti- 
mate of the recharge from leakage that i s  avail- 
able for well development in the dolomite aquifer 
i s  between one and three inches annually. This i s  
approximately equivalent to between 48,000 and 
143,000 gpd per square mile. 

Small quantities of recharge through induced infil- 
trationZ3 of streamflow may also take place where 
streams and abandoned water-filled quarries a re  
cut into the dolomite. The Milwaukee River flows 
on dolomite bedrock in several places in Milwau- 
kee and Ozaukee Counties. 

23The term induced infiltration is defined as the movement 
of water from a stream or lake into an aquifer due to a de- 
cline in the water table caused by the pumping of nearby wells. 

The potentiometric surface map for the combined 
dolomite aquifer and glacial deposits (see Map 33) 
in the following section defines approximately the 
direction of ground water movement in these units 
in the watershed. Movement is down the hydraulic 
gradient toward discharge areas along lowland 
streams and lakes. 

Natural discharge of the dolomite aquifer to 
streams and lakes in the lowlands occurs a s  
upward seepage through overlying glacial depos- 
its. The annual rate of contribution to streamflow 
from the dolomite aquifer probably is very small. 
Ground water in the dolomite aquifer and the 
glacial deposits from the watershed discharges to 
streams outside the watershed in places along the 
east edge and northwest corner. Ground water 
gained from, o r  lost to, areas outside the water- 
shed i s  known a s  underflow. 

A small amount of discharge takes place downward 
to the sandstone aquifer a s  a result of head differ- 
ences produced by pumping in the deeper aquifer. 
Discharge of the dolomite aquifer also occurs 
through wells. During 1967 pumpage from the 
aquifer in the watershed was estimated to average 
about 7.4 mgd (million gallons per day). Rural 
domestic and farm supplies are generally obtained 
from the dolomite aquifer through 6- to 10-inch 
diameter drilled wells. These wells are generally 
adequate and a re  constructed to yield less than 
20 gpm each. 

Pumpage from the dolomite aquifer and leakage 
from the aquifer through uncased wells into the 
sandstone aquifer in the Milwaukee area has pro- 
duced a cone of depression in the potentiometric 
surface of the dolomite aquifer. A s  f a r  as  can be 
determined, however, pumping effects in other 
parts of the watershed a re  not significant. 

Sand and Gravel Aquifer: The sand and gravel 
aquifer consists of stratified, unconsolidated gla- 
cial and alluvial sand and gravel deposits. This 
aquifer can be developed by large-capacity wells 
only where the grain size of the materials is 
larger than very fine sand because construction of 
high-capacity wells in finer-grained deposits is 
impractical. The most significant aquifer units 
a re  those that underlie areas more than one-half 
square mile in extent. 

A few high-capacity wells in the sand and gravel 
aquifer have been developed in the watershed. 



The maximum yield reported i s  1,200 gpm. Most 
high-capacity wells are  within the City of West 
Bend in Washington County. Specific capacity tests 
on some of these wells indicate that the trans- 
missivity in the sand and gravel aquifer locally 
i s  at  least 200,000 gpd per foot, and the storage 
coefficient i s  in the water table range. Artesian 
and semi-artesian storage coefficients probably 
prevail where the sand and gravel aquifers are  
overlain by extensive, saturated, fine-grained 
glacial deposits. 

Map 34 shows the approximate saturated thickness 
of the glacial deposits but includes poor water- 
bearing materials, such a s  clay, silt ,  and till. 
Important deposits of saturated sand and gravel 
a re  present in the area underlain by glacial out- 
wash and along the trend of the interlobate mor- 
aine (see Map 15) in the western and northern 
sections of the watershed. Interlayering of the 
sand and gravel with less permeable materials 
is characteristic of the glacial deposits beneath 
these areas. Lowlands throughout the watershed 
may also contain sand and gravel of small thick- 
ness and extent because many valleys formerly 
were drainageways for  melt waters from reced- 
ing glacial ice. Because of these circumstances 
existing within the watershed, the probability of 
locating significant sand and gravel aquifer units 
outside the areas previously mentioned i s  small. 

Direct infiltration of precipitation i s  the major 
source of recharge to the sand and gravel aquifer. 
The average annual rate of recharge i s  variable 
and probably ranges between one and four inches 
(approximately 48,000-191,000 gpd per square 
mile). Recharge is the greatest where the sand and 
gravel deposits and their associated permeable 
soils occur at the surface; and i t  i s  the smallest 
where fine-grained soils, clay, silt ,  o r  till form 
the surficial deposits. Locally unsaturated sand 
and gravel deposits with poorly developed surface 
drainage and numerous kettle holes probably have 
a high rate of ground water recharge. 

In the Milwaukee River watershed, recharge to 
the glacial deposits occurs primarily during the 
spring months after frost has left the ground and 
before evapotranspiration rates become high. In 
the Milwaukee River watershed, the principal 
recharge period usually occurs during April and 
May. Recharge takes place during other seasons, 
but the amount is comparatively small. 

Ground water recharge also occurs from surface 
water sources in areas where the water table is 
lower in elevation than a nearby surface water 
body. Wherever this condition exists, discharge 
from the surface water source to the ground water 
can take place. Stream reaches where this condi- 
tion occurs are  known as  losing stream reaches. 
None of the principal streams in the watershed 
a re  known to have major losing reaches under 
natural conditions except for short periods during 
peak stream stages. Ground water pumpage has 
lowered ground water levels in Milwaukee County 
sufficiently to induce small amounts of recharge 
from surface water sources. 

Water in the subsurface moves downward through 
the soils to the water table and then laterally 
toward streams and lakes, where i t  discharges 
a s  seepage. The potentiometric surface map (see 
Map 33 ) for the combined dolomite aquifer and 
glacial deposits defines approximately the direc - 
tion of movement of the ground water in these 
units and also the approximate elevation of the 
static water levels in wells tapping these units. 
Natural discharge of ground water in the glacial 
deposits occurs a s  seepage into the surface water 
system by direct evaporation to the atmosphere 
where the water table i s  shallow, by plant trans- 
piration during growing seasons, and by infiltra- 
tion to the dolomite aquifer. 

Ground water discharge, primarily from gla- 
cial deposits, sustains the dry-weather flow of 
streams. The average ground water discharge to 
streams in the watershed i s  estimated to range 
between one and four inches annually (48,000- 
191,000 gpd per square mile). Areas underlain 
by water table sa-nd and gravel aquifers have com- 
paratively high sustained flow during periods of 
low flow, which reflects the high storage capacity 
of the sand and gravel. Ground water discharge i s  
the greatest along the interlobate moraine and in 
the areas underlain by glacial outwash. It i s  the 
smallest in the till-covered areas of the watershed. 

Ground water from the sand and gravel aquifer i s  
also discharged through wells. Pumpage from this 
source in the watershed during 1967 was 1.1 mgd. 
Ground water withdrawals are  expected to increase 
in the western and northern parts of the watershed 
a s  population and economic growth continue. 

Ground Water-Surface Water Relationships 
Ground water, surface water, and the physical 
environment in which they occur form a com- 



Map34 
APPROXIMATE SATURATED THICKNESS OF THE GLACIAL DEPOSITS 

IN THE MILWAUKEE RIVER WATERSHED 



plex, but interrelated, hydrologic system. The 
degree of relation between the ground and surface 
water components of the system i s  dependent upon 
the hydraulic properties of the geologic forma- 
tions in contact with surface water streams and 
lakes and the differences in hydraulic head acting 
between them. 

Glacial deposits are  the principal ground water 
units interconnected with the surface water units 
in the watershed; but, where the glacial deposits 
are  absent, surface water is hydraulically con- 
nected with the dolomite aquifer. A very poor 
interconnection exists between surface water and 
the sandstone aquifer because of the great thick- 
ness and variability of the geologic formations 
separating them. 

The types of soils and surficial geologic materials 
underlying a watershed a re  major factors govern- 
ing the characteristics of stream runoff, ground 
water recharge, and ground water discharge. 
Infiltration of precipitation into fine-grained mate- 
rials is slow; and streams discharging from 
watersheds underlain by these materials a re  gen- 
erally characterized by high-intensity, short- 
duration peak runoff and very small low flows. 
Infiltration of precipitation is more rapid in per- 
meable materials; and, a s  a consequence, stream 
discharge from watersheds consisting of permea- 
ble units usually is more uniformly distributed 
in time. Peak streamflow is generally of low 
intensity and long duration, and the low flows a r e  
moderate to high. 

The process of urbanization brings about changes 
in the hydrologic conditions of the natural envi- 
ronment by increasing the percentage of imper- 
meable cover on the surface and improving the 
natural drainage of an area. Roads, parking lots, 
housing, storm sewers, culverts, and drainage 
ditches a re  the types of structures that accom- 
plish this change. The net effect of urban devel- 
opment on the natural hydrologic system generally 
is to reduce the rate of ground water recharge 
and decrease natural retention and storage on the 
ground surface, thereby increasing the intensity 
of peak runoff from an area. 

Under normal conditions ground water in the gla- 
cial deposits discharges to the surface water 
streams and lakes. The rate of discharge is 
dependent upon the hydraulic properties of the 
glacial deposits, the bottom materials of the 
streams o r  lakes, and the difference in head 

acting across the stream bottom materials. The 
hydraulic interconnection between surface water 
and water table sand and gravel aquifers i s  gener- 
ally good. Therefore, pumpage from wells located 
in the sand and gravel aquifer units within a few 
hundred feet of a stream o r  lake can reverse the 
natural ground water flow and induce surface 
water into the aquifer. In general, the closer the 
well is to the stream, the greater will be the 
rate of induced infiltration of surface water. The 
maximum rate of infiltration is reached when 
the cone of depression in the aquifer is at  the 
same elevation as  the bottom of the stream o r  
lake. Additional drawdown of the cone below the 
stream o r  lake bottom does not increase the rate 
of infiltration. 

At sites where the strearnflow is large, relative 
to the rate of ground water withdrawal, the prob- 
lem of flow depletion due to induced infiltration 
should not be significant. When the surface water 
supply is small compared to withdrawal rates, 
considerable depletion of strearnflow may result. 
Depletion problems, if any, will be most acute 
during warm seasons when surface supplies a re  
comparatively small and the demand for water 
is large. 

Flow-depletion problems may be minimized by 
discharging used ground water-that is, water 
pumped from the sand and gravel aquifers-back 
into the streams near the sites where i t  is 
withdrawn and by using the dolomite aquifer o r  
the sandstone aquifer as the source of supply. 
Because of the poor hydraulic connection existing 
between these aquifers and surface waters, pump- 
ing them should not measurably affect the sur- 
face water system, although i t  does temporarily 
remove ground water from storage. If sufficient 
hydrologic data a re  available for the sand and 
gravel aquifer at a si te  where serious flow deple- 
tion is anticipated, the depletion problems may be 
controlled o r  reduced through management of the 
ground water-surface water systems. 

Surface water may be used to recharge aquifers 
where the conditions are  favorable. The method 
generally involves diverting excess surface water 
into specially designed ponds, lagoons, o r  basins 
fo r  infiltration into aquifers through bottoms that 
have a relatively high permeability. Artificial 
recharge permits ground water withdrawals - f a r  
in excess of the rate of the natural recharge and 
is a useful ground water management technique. 
Unfortunately, conditions favorable for artificial 



recharge in water table sand and gravel aqui- 
fers  in the Milwaukee River watershed are  most 
prevalent in the western and northern parts of 
the watershed, where future large ground water 
demands are  not anticipated. Unforeseen growth 
o r  industrial development in that part of the 
watershed could, however, make the use of artifi- 
cial recharge feasible. 

PKYSICAL CHARACTERISTICS 
OF THE WATERSHED 

A comprehensive evaluation of the surface water 
hydrology of a watershed must consider the exist- 
ing physical characteristics of the watershed as 
an interrelated whole, while identifying the indi- 
vidual effects of each of the component physical 
characteristics on the unique surface water hy- 
drology of the watershed. The physical charac- 
teristics of a watershed which influence surface 
water runoff include all such natural characteris- 
tics as the size and shape of the watershed, 
climate, soils, drainage pattern, and topography 
and such man-made features as  water control and 
other 'hydraulic structures, artificial drainage and 
channel improvements, and the pattern and inten- 
sity of the various land uses. The following dis- 
cussion of each of these natural and artificial 
characteristics includes a general introductory 
description of the entire watershed and then a 
more detailed discussion of the pertinent charac- 
teristics of each of the 11 hydrologic subwater- 
shed units of the Milwaukee River watershed. 

Size and Shape of the Watershed 
The Milwaukee River watershed is a composite 
hydrologic unit of 11 subwatersheds, which flows 
in a general southeasterly direction and dis- 
charges to Lake Michigan at Milwaukee, Wiscon- 
sin. The watershed is approximately 46 miles 
long and 19 miles wide, with the major axis 
running approximately north and south. The total 
drainage area of the Milwaukee River watershed, 
excluding the Menomonee and Kinnickinnic River 
drainage areas, is 693.8 square miles at Jones 
Island. The hydrologic subwatersheds of the Mil- 
waukee River watershed and the main stem of the 
Milwaukee River and i ts  major tributaries are 
shown on Map 35. 

Relationships of Climatic Factors to Runoff 
As noted in Chapter IV of this report, the water- 
shed has a continental climate with four distinct 
seasons which results in two distinct surface 
water runoff distributions. Hydrologically, the 

six-month period extending from November 1 
through April 30 is characterized by snowmelt and 
long-duration, low-intensity, frontal-type precipi- 
tation, which, in turn, results in runoff hydro- 
graphs with a long-time base. The six-month 
period extending from May 1 through October 31 
is characterized by convective thunderstorm-type 
precipitation occurring in association with mois- 
ture-laden frontal systems which generally move 
from west to east across the watershed. The 
summer rainstorms produce runoff hydrographs 
with a shorter-time base. Flood volumes, how- 
ever, appear to be nearly equal for the larger 
spring and summer events on the Milwaukee River 
watershed. Typical hydrographs representing the 
two distinct surface water runoff distributions as 

Map 35 
HYDROLOGIC SUBWATERSHEDS OF 

THE MILWAUKEE RIVER WATERSHED 

Eleven hydrologic subwatersheds may be delineated within the 
Milwaukee River watershed, ranging in size from the lower Mil- 
waukee River subwatershed, of about 132 square miles in area, to 
the Silver Creek subwatershed near West Bend, of about 10 square 
miles in area. In addition to providing rational units for hydrolo- 
gic analysis, the subwatersheds serve as geographic units that en- 
able a watershed resident to readily identify the relationship of 
his local drainage area to the larger Milwaukee River watershed. 
Source: Harza Engineering Company. 



gaged at Milwaukee and reduced to a unit graph 
basis are shown in Figure 24. The unit graph 
represents the variation of daily discharge with 
time for the runoff resulting from one inch of 
excess precipitation over the entire tributary 
watershed. 

The distributional pattern of precipitation in the 
watershed results in the lowest values occurring 
during mid-winter and the highest values during 
mid-summer. Average annual runoff, however, 
does not follow this precipitation pattern. Although 
runoff is directly proportional to precipitation, all 
other factors being equal, it is inversely propor- 
tional to evapotranspiration, which increases dur- 
ing the growing season. This results in 65 percent 
of the average annual runoff occurring in the six- 
month period between November 1 and April 30. 
In contrast, only 38 percent of the average annual 
precipitation occurs during this same period (see 
Figure 10). 

Re lationship of Soils to Runoff 
As noted in Chapter N of this report, an espe- 
cially complex pattern of soil types has developed 

Figure 24 
HYDROGRAPHS OF TYPICAL 

SPRING AND SUMMER FLOODS ON JHE 
MILWAUKEE RIVER AT MILWAUKEE 
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Source: Harza Engineering Company. 

in the Milwaukee River watershed. Soil charac- 
teristics which affect surface water runoff include 
infiltration and transmission rates, depth to water 
table, and, to some degree, moisture retention. 
A detailed operational soil survey was completed 
in 1966 by the U. S. Soil Conservation Service, 
under a cooperative agreement with the Regional 
Planning Commission, for the entire seven-county 
Southeastern Wisconsin Region. This survey was 
extended in 1968 to include all that part of the 
Milwaukee River watershed which lies in Dodge, 
Fond du Lac, and Sheboygan Counties. As an inte- 
gral part of these soil surveys, the soils of south- 
eastern Wisconsin have been classified according 
to their surface runoff potential into four hydro- 
logic soil groups, designated A, B, C, and D. 
Group A has the lowest runoff potential, which 
increases to a maximum value for Group D . ~ ~  
For the watershed as a whole, approximately 15 
percent of the soils covering the watershed belong 
to Hydrologic Soils Group A; 43 percent of the 
soils covering the watershed, to Group B; 32 per- 
cent of the soils covering the watershed, to Group 
C; and 10 percent of the soils covering the water- 
shed, to Group D. Thus, for the watershed as a 
whole, the soils have moderate infiltration and 
transmission rates when wet, resulting in a mod- 
erate surface runoff potential. A more detailed 
description of the soil types by subwatershed is 
provided in Table 3 1. 

Relationship of Drainage Pattern to Runoff 
The drainage pattern of the Milwaukee River 
watershed is basically dendritic, but much of the 
pattern of channel system has been modified by 
the erratic surficial topography created by glacia- 
tion. Geologically, the drainage system is a 
youthful one; and many areas of the watershed are  
imperfectly drained by circuitous, inefficient, and 
underdeveloped channel systems. The streams 
are actively cutting and filling their waterways in 
an attempt to create channel profiles which will be 
in equilibrium. The natural geomorphic processes 
of weathering, mass wasting, and erosion have not 
yet had time to develop an efficient surface water 
drainage system within the watershed. This inef- 
ficiency is reflected in the Qumerous lakes and 
wetland areas within the watershed which tend to 
retard and prolong surface runoff hydrographs and 
peak flows. Inefficiency of the drainage pattern is 
the dominant non-climatic factor determining sur- 
face water runoff characteristics in the Milwaukee 
River basin. 

"see SEWRPC Planning Report No. 8, Soils of Southeastern 
Wisconsin, June 1966, p. 243. 



TABLE 31 

HYDROLOGIC S O I L  GROUPS I N  THE MILWAUKEE R I V E R  WATERSHED 
BY SUBWATERSHED 

'EXCLUDES 3.8 SQUARE M I L E S  OF I N T E N S E L Y  URBANIZED AREA DOWNSTREAM FROM 
NORTH AVENUE DAM. 

SOURCE- HARZA E N G I N E E R I N G  COMPANY. 

SUBWATERSHED 

CEDAR CREEK.,...,....,... 
CROOKED LAKE C R E E K - - * * o * *  
EAST BRANCH.-.*-**.,,.--. 
L I N C O L N  CREEK.*-...o.---- 
LOWER MILWAUKEE RIVER?,,. 
M I O D L E  MILWAUKEE RIVER...  
NORTH  BRANCH^^,^^^^.^^.,. 
S I L V E R  CREEK-.*---.,.,.,* 

(SHERMAN TOWNSHIP 1 
S I L V E R  CREEK.,....,...... 

(WEST BEND TOWNSHIP)  
UPPER HILWAUKEE R I V E R * . , .  
WEST B R A N C H ~ . o ~ o ~ - ~ , ~ - ~ . .  

TOTAL 

Relations hip of Surf ace Water Storage Areas to 
Runoff 
Surface water storage areas within a watershed 
modify runoff hydrographs by decreasing peak 
discharges and increasing the duration of runoff. 
Under natur a1 conditions, surf ace water storage 
areas can be divided into three groups on the 
basis of the relative influence on the flow regimen 
in the watershed. In decreasing order of magni- 
tude of storage effect, these groups are: 1) lakes, 
2) permanent wetlands, and 3) temporary over- 
flow areas. 

DRAINAGE 
AREA 

( SQUARE M I L E S )  

1 2 6 . 8  
1 4 . 2  
3 6 . 1  
19.8 
132.3 
50.5 

1 2 7 . 9  
19.6 

9, 9 

9 3 . 2  
60.4 

6 9 0 . 7  

FREQUENCY OF OCCURRENCE 
HYDROLOGIC S O I L  GROUP 
I N  P E R C E N T I L E  RANGES 

There are a total of 71 lakes within the Milwaukee 
River watershed having a combined surf ace area 
of 6.5 square miles, or 0.93 percent of the total 
watershed area. Most of these lakes occupy 
basins formed in natural depressions at the time 
the ice sheets receded. Geologically, most of 
these lakes are temporary and eventually will be 
naturally drained when the surface drainage net- 
work of the watershed is fully developed. There 
are 21 natural lakes of 50 acres or  more in sur- 
face area which have a total combined surface 
area of 5.4 square miles, or 82.6 percent of the 
total lake surface area within the watershed. 

Table 32 summarizes selected hydrologic data for 
these 21 lakes. None of these lakes are individu- 
ally large enough to modify significantly the dis- 
charge hydrographs of the Milwaukee River. The 

A 

10- 2 5  
25- 50 
0- 10 
10- 25 
0- 10 

25- 50 
25- 50 
10- 25 

10- 25 

0- 10 - - 
10- 25 

SELECTED H Y C R O L O G I C  CATA 
FCR C A J C R  LAKES I N  TbE 

PLLWAUKEE R I V E R  UATEKSI-EO 

C 

25- 50 -- 
10- 25 
50-100 
50-100 
25- 50 
10- 25 
10- 2 5  

25- 50 

10- 25 -- 
10- 25 

B 

10- 25 
50-100 
50-100 -- 
25- 50 
25- 50 
50- 100 
50-100 

0- 10 

50- 100 
50-100 

25- 50 

SURFACE n A x I n u n  S T C R A G E  1 COUYTV I AREA 1 DEPTH I VCLUVE I 
( A C R E S )  ( F E E T I  ( A C R E - F E t T )  

D 

0- 10 -- 
10- 25 -- 
0- 10 

LO- 25 
0- 10 
0- 10 

50-100 

10- 25 
10- 25 

25- 50 

B I G  CECAR......... 
LCkG.............. 
L I T T L E  CEOAR...... 
WUO............... 
K E T T L E  H O R A I N t . . . .  
RLNCOC ............ 
ELLEN............. 
SILVER............ 
AUBURN ( F I F T E t N l . .  
CRCCKEC........... 
SVITH............. 
MbUThE............ 
LUCAS............. 
GREEN............. 
eARTCN PONO....... 
WEST B E N 0  PCNO.... 
SPRIhG............ 
MUC............... 
TWELVE............ 
WbLLPCE........... 
FCREST............ 

WASHIUGTUN 
FOYO CU LAC 
t lbSHINGTUN 
O L A U K E t  
FCND L)U LAC 
SHEBOYGAN 
ShEBOYGA4 
W A S H I N G I O N  
F U N 0  OU LAC 
SHEHOYGAH 
WASHIYGTOV 
FONO CU LAC 
WASHINGTON 
WdSHINGTOU 
WAShlhLTOY 
WASHINGTON 
OLAUKEE 
FONO CU L 4 C  
WASCINGTON 
WASHINGION 
FLNG OU LAC 

-- 3 . 4 3 8  -- 5 8 . 1 8 3  

SCURCE- HARLA t N G l U E E R I N G  CCMPANV- 



combined effects of the lakes on the discharge 
hydrographs, however, are significant on the East 
Branch of the Milwaukee River and on three minor 
tributaries: Silver Creek, located in the Town of 
West Bend, Washington County; Silver Creek, 
located in the Town of Sherman, Sheboygan County; 
and the outlet channel from Crooked Lake, located 
in the Town of Scott, Sheboygan County, and the 
Town of Auburn, Fond du Lac County. 

A significant natural reduction of flood peaks on 
the Milwaukee River system i s  provided by the 
substantial areas of permanent wetlands within the 
watershed. The term "permanent  wetland^,^^ a s  
used herein, is equivalent to the significant wet- 
land units plus the minor wetland units, as dis- 
cussed in Chapter IV of this volume, and refers to 
all marshes, swamps, and other poorly drained 
areas of the watershed which remain saturated 
throughout most of the year and are unsuitable for 
agricultural use or  for urban use without artificial 
drainage. Map 21 shows the wetland areas within 
the watershed. About 16  percent of the Milwaukee 
River watershed is covered by permanent wet- 
lands, and a significant part of the total watershed 
area contributing to surface water runoff must 
eventually flow through these wetland areas. The 
amount and distribution of permanent wetlands by 
subwatershed are  shown in Table 33. 

Wetland areas, like lakes, tend to increase the 
base time of surface water hydrographs and 
reduce peak discharges through decreased flow 
velocity and temporary storage. The largest 
wetland areas in the watershed are located on the 
East Branch of the Milwaukee River and on the 
central reaches of Cedar Creek. These wetlands 
have a significant effect upon the flow regimen of 
the East Branch and upon Cedar Creek, but only a 
relatively small effect upon the lower reaches of 
the Milwaukee River. Major wetland areas which, 
due to their size and locations, have an important 
effect upon the surface water hydrology of the 
watershed include the Jackson Marsh and Cedar- 
burg Bog areas above Cedarburg on Cedar Creek; 
all of the wetland areas along the East Branch of 
the Milwaukee River; and large wetland areas of 
the Upper Milwaukee River subwatershed. The 
large wetlandareas through which the East Branch 
flows have perhaps the most important effect 
on streamflow of any wetland area within the 
watershed. 

The third type of surface water storage area 
which is generally closely associated with r ivers,  
lakes, and permanent wetland areas, both in 
occurrence and effect, is the temporary overflow 
area. These areas include active floodplains 
which are located adjacent to the channel system, 

T A B L E  3 3  

P E R P A N E Y T  NETLANDS I N  Tt'E b ' I L k P t i k F E  + I V E R  n l T t R S H E C  BY SUBkATERSHED 

'LESS THAN + 0 0 1  PERCENT. 

SOURCE- WISCONSIN DEPARTMENT OF NATURAL RESOURCES AND SEWRPC. 

SUBWATERSHED 

CEDAR CREEK---o- - . . - . - - - -  
CROOKED C R E E K - - - - - - - - - - - -  
EAST B R A N C H - - - - - - - - * - - - - -  
LINCOLN C R E E K - - - - - - - - - - - .  
LOWER MILWAUKEE--- - - - - - - -  
MIDDLE MILWAUKEE-.o.----- 
NORTH BRANCH--- - - - - , - - -o-  
SILVER CREEK--o- -o - - - - -oo  

fSHEBOYGAN COUNTY) 
SILVER CREEKo- -o - - - . - . - - *  

(WASHINGTON COUNTY) 
UPPER MILWAUKEE----------  
WEST BRANCH-- - . - - - - - - - - - -  

TOTAL 
ACRES 

8 0 9 7 7 6  
8,655 

248 5 0 3  
1 2 9 4 5 2  
8 6 , 3 7 4  
3 2 9 9 3 2  
82, 7 8 3  
11 ,757  

6s 1 3 0  

6 0 , 0 7 0  
38 ,519  

ACRES OF 
WETLAND 

12 1 0 9 2  
2 r 2 6 9  
6 ,388  

6  
6  r 6 0 7  
4 ,795  

1 3 , 1 3 1  
2 ,389  

7 6  1  

14 .639  
5.991 

PERCENT OF 
SUBWATERSHED 

1 5 - 9 7  
2 4 - 2 2  
2 6 - 0 7  

0- 05 
7 - 6 5  

1 4 - 2 5  
1 5 - 8 6  
200 3 2  

1 2 - 4 1  

2 4 - 3 7  
1 5 - 5 5  

PERCENT OF 
WATERSHED 

2 - 7 2  
0 - 5 1  
1 - 4 3  -- 0 

1 - 4 8  
1 - 0 6  
2 - 9 5  
0.54 

0.17 

3  2 9  
1 - 3 5  



as well as other topographically low, flat areas 
subject to inundation during periods of overbank 
flow. The latter areas may be comprised of 
marginal areas located around lakes and perma- 
nent wetlands, with no marked boundary existing 
between the lake or  wetland area and the tempo- 
ra ry  overflow area or ,  because of the glacial 
origin and the geologic youth of the stream sys- 
tem, may exist as irregular and random ?'wide 
spotsTT in the active floodplain. The temporary 
surface water storage areas have a significant 
flood retardation effect during times of high stage. 
During the snowmelt season in the spring of the 
year, when storage in the soil profile is least 
effective, the surface storage areas become most 
important in attenuating flood flows. 

1 
Average land slopes within the basin vary from 
subwatershed to subwatershed but are generally 
less than 5 percent. Under natural conditions 
long times of concentration prevail, due to the flat 
slopes, long overland flow distances, and gener- 
ally full vegetation cover. Long times of concen- 
tration result in low peak flows and long duration 
runoff contributions to the river channel system. 
Slopes in the headwater portions of the watershed 
are steeper than the average within the watershed 
and contribute to relatively higher peak dis- 
charges in these areas. 

Bed slopes of the channel system are  irregular 
with steep slopes near the channel heads and often 
alternating flat and steep slopes in the middle and 
lower reaches. The generally flat slopes of the 
Milwaukee River channels result in low stream- 
flow velocities and long flood peak travel times. 
The bed slope profiles of the main channel system 
are  shown in Figure 25. A summary of mean 
channel slopes and drainage areas is presented in 
Table 34. 

Channel and floodplain hydraulic roughness is still  
another feature which effects hydrograph shape 
and stage-discharge relationships within a water- 
shed. Roughness of the flow cross sections is 
represented by the lln" value in the Manning for- 
mula. It is a function of many factors, including 
degree of surface irregularity, variation of cross- 
section size and shape, obstructions, vegetation, 
and meandering. An I1n" value can be calculated 
for selected channel reaches if data on channel 
cross sections, discharges, and water surface 
slopes are  known for specific flood events. All of 
the required information is not ordinarily avail- 

able, so estimates of the "nT1 value must usually 
be made by experienced hydraulic engineers on 
the basis of a field inspection. Stream channels 
and floodplains providing considerable obstruction 
to flow have high llnTT values and reduced flood 
flow velocities. This combination results in atten- 
uated hydrographs and higher stages. 

Average channel and floodplain l1nl1 values are 
summarized by subwatershed in Table 34. The 
"nl1 values may change seasonally with the grow- 
ing cycle of vegetation and accompanying obstruc- 
tions in the flow area. Values of "n" used in this 
study are based on summer or foliage season con- 
ditions. Although severe floods are more likely 
to occur during the dormant season, it is probable 
that these spring floods will be accompanied by 
unpredictable obstructions consisting of ice, snow, 
and debris. The use of higher summer "nT1 values 
compensates, to some degree, for these random 
obstructions and, in general, gives higher, more 
conservative, floodwater heights for equivalent 
discharges. 

ARTIFICIAL CHARACTERISTICS 
OF THE BASIN 

The preceding discussion was confined to the 
natural characteristics of the Milwaukee River 
watershed which would determine the surface 
water runoff characteristics of the basin in the 
absence of any external factors. In fact, however, 
the natural hydrologic regimen of the Milwaukee 
River watershed has been changed significantly by 
the activities of man. Consequently, a complex of 
artificial or lTunnaturall' characteristics has been 
superimposed on the natural characteristics pre- 
viously discussed, and these artificial factors 
have important effects on the streamflow regimen 
of the basin. 

The fact that man can significantly modify the 
hydrologic and hydraulic characteristics of a 
watershed provides at once a powerful tool for 
abating water-related problems if wisely used 
and a danger that further severe environmental 
problems will be created through thoughtless 
actions. Even intentional acts designed to affect 
directly the flow regimen of a watershed, such as 
the construction of dams, improvement of channel 
capacity and alignment, and drainage activities, 
may result in locally improved conditions at the 
expense of increased problems elsewhere in the 
watershed. Moreover, activities, such as the 
construction of roads and bridges and changes in 
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TABLE 34 

SELECTED HYDROLOGlC AND HYDRAULIC INFORMATION OF THE 
MILWAUKEE R I V E R  WATERSHED B Y  SUBHATERSHED- f967 

C E C 6 R  C U E 6 6  .............. 
C R C C K E C  L D K t  CRCEK ....... 
E b S T  BHANCb .............. 
L l h C C L h  C ? r t K  ............ 
L C h E H  V I L Y D U K C C  RIVER'.... 

C I C C L E  P I L . , A U K t t  ~ I J E R . . .  

N C R T I  8 R A h C k  ............. 
S I L V E 9  C q E t K  ............. 

I S k E R P D b  T C b 2 S b l P I  

S L L V t R  C K E t K  ............. 
I h E S T  P E b l :  T C h ' h S k I P 1  

UFPEK V I L W r i L K k b  K I d t K . . . .  

h E S T  B R A Y C b  .............. 
.................... T C T I L  

A V E R b G t  
P I L E S  P k K  

C 9 C S S I h G  

L.94 

0 . U b  

2 . 0 0  

0 . 2 6  

1 . 4 0  

1 .76  

1 . o e  

C . 8 0  

C . 4 2  

2 . 0 6  

1 . 3 9  

' F C S  T k E  P E R L k n l A L  C H b h N E L S  F 0 3  b H I C H  b A T t K  S L R k A C F  P R C F I L E S  H A V E  B E E N  D E T C P ? 4 I N L C .  

F l t L C  I \ S P t C T I C V .  

' C C R R U G D T F C  8VcTSL P I P t .  

d ~ ~ ~ ~ b ' b ~ ~  E A S E C  UU PI-.CTI;CRA?HS FROM S L R V E Y  L'Y 4 L S T F H  G A S S C C I A T E S ,  I N C .  

e ~ ~ C ~ ~ ~ t ~  3.10 V I L t S  C F  C k b # \ h t L .  16 B R l D G t S .  b a D  C R A I h A L t  AREA C F  3.8 S C U A R E  P I L E S  L?CH\STlL4n3 Fll l lh. i \ ,CRTk A'JENUC LAW. 

SCLIRCt -  F A l ( L b  k \ C l h i t R l N G  CClPPAldY. 

land use which are not designed to change the kee River watershed for which hydraulic studies 
hydrologic regimen, do so in an incidental or often were made. These structures include all devices 
drastic manner. It i s ,  therefore, vitally important designed and built especially to regulate o r  modify , 

that the effects of man's activities on the hydro- the natural flow regimen of surface runoff but do 
logic regimen, whether intentional or  incidental, not include structures, such as bridges and cul- 
be understood to the fullest extent possible. verts ,  which are treated separately. 

The effect of man's activities on the hydrologic 
regimen of the watershed can best be investigated 
by grouping these activities according to their 
basic effect and first  considering each of these 
groups separately before analyzing the combined 
effect upon the watershed. Accordingly, man's 
activities in the Milwaukee River basin have been 
grouped into five categories: 1) water control 
structures; 2) channel improvement; 3) artificial 
drainage ; 4) constrictions, such as roads, bridges, 
and culverts; and 5) land use. The influence of 
each of these activities on the Milwaukee River 
basin as a whole is treated briefly in the following 
discussion. 

Water Control Structures 
There are  48 man-made water control structures 
located on the total stream system of the Mil- 
waukee River watershed, of which 38 are located 
on the 216 miles of channel within the Milwau- 

Eleven of the water control structures have been 
constructed at natural lake outlets to regulate and 
control lake levels for recreational purposes but 
do provide a degree of incidental benefits in the 
form of flood control. The amount of storage 
provided by these structures per increment of 
depth above normal lake level is proportional to 
the lake surface area and, in the case of the 
larger lakes, is a significant factor in attenuating 
flood peaks resulting from smaller storms. 

Certain man-made water control structures, of 
which there are 14 in the basin, were originally 
built to impound water for recreational and aes- 
thetic purposes. Even the two most significant of 
these, the Estabrook Park Dam and the Kletzsch 
Park Dam on the main stem of the Milwaukee 
River, do not .have enough storage to affect 
materially the peaks or durations of surface 
water runoff hydrographs during the spring run- 
off period. 



A number of water control structures were origi- 
nally built for water power or  water supply. 
These include 24 low-head millpond dams and one 
industrial hydroelectric dam. With the availability 
of inexpensive, areawide electrical power service, 
these low-head water power developments were 
abandoned; and the millponds and dams are now 
maintained for aesthetic and recreational pur- 
poses. In their present condition, these artificial 
impoundments are too small to provide any signi- 
ficant storage effect during major runoff events. 
Urban and topographic restrictions, furthermore, 
impose serious limitations on these sites as 
future flood control developments. 

All water control structures in the Milwaukee 
River watershed have the same effect on the sur- 
f ace water hydrology as do natural impoundments 
of comparable size. That is, they tend to retard 
flow velocity and increase hydrograph base time 
and decrease peak discharge rates. Also, like 
natural surface water storage areas, they act as 
channel obstructions and produce backwater which 
may have detrimental upstream effects in return 
for somewhat lower flood peaks downstream. 
There are no impounding structures presently 
existing within the watershed which have been 
constructed solely for flood control purposes. 
The existing dams generally provide only a small 
overall hydrograph modification, due to the tem- 
porary storage above spillway elevation. A few 
local areas, especially below the water level con- 
trol  structures on the major lakes, do enjoy a 
fairly significant reduction in flood peak; but even 
under natural outflow conditions, flooding would 
probably not be a serious problem at these 
locations. 

Map 26 shows the locations and distribution of 
these man-made water control structures within 
the Milwaukee River watershed. A summary of 
the inspection results of these structures and a 
brief description of each are?given in Chapter V of 
this volume. 

Channel Improvement 
Several miles of the perennial stream system of 
the Milwaukee River watershed have been inten- 
tionally modified by man in an attempt to improve 
their hydraulic characteristics. Channel improve- 
ment may consist of straightening, deepening, 
increasing the cross-sectional area, improving 
the alignment, o r  diking, and generally involves 
all five phases, all of which result in increased 
velocity of flow and decreased time of concen- 

tration. Some portions of the Milwaukee River 
basin were so poorly drained under natural 
conditions that it was necessary to improve the 
hydraulic characteristics of the main stream 
channels in order to provide adequate outlets for 
agricultural drainage systems and prevent long 
periods of inundation which would interfere with 
efficient agricultural operations. Because of the 
individual manner and long period of time over 
which such channel improvements have been 
made, i t  i s  not possible to determine precisely 
the history of such operations; but it appears that 
channel straightening and deepening have been 
carried out through legally organized farm drain- 
age districts, through informally organized citizen 
action groups, and through individual action since 
before the end of the last century. 

Although small channel improvements have been 
made in nearly every subwatershed of the Mil- 
waukee River basin, the most intense activity has 
occurred in the central and southern parts of the 
watershed, particularly in the Lincoln Creek sub- 
watershed. The spatial distribution of known chan- 
nel improvements within the Milwaukee River 
watershed is shown on Map 27 and is summarized 
in Table 35 .  

The effects of channel improvement projects are 
exactly the reverse of those of the structural 
measures previously discussed. Whereas water 
control structures retard flow, decrease velocity, 
and cause backwater effects, upstream channel 
improvements accelerate flow, increase velocity, 
and reduce backwater effects upstream. Control 
structures tend to prolong the base time of sur- 
face runoff and decrease peak discharges in the 
downstream direction, while channel improvement 
has the effect of decreasing base time and in- 
creasing stage and the peak flow rate downstream 
from the improvement. It is apparent, therefore, 
that haphazard and uncoordinated channel modifi- 
cation may cause compensating effects with little 
or  no overall benefits or  with a negative overall 
effect on the surface water problems of a water- 
shed and, as such, points to the need for proper 
water management practices based upon a com- 
prehensive watershed plan. 

Because of the lack of adequate historic data, 
it i s  extremely difficult to make a meaningful 
quantitative evaluation of the overall effect which 
existing channel improvement projects have had 
on the surface water characteristics of the Mil- 
waukee River watershed as a whole. Because of 



TABLE 35 

SURFACE AND SUBSURFACE DRAINAGE I N  THE MILWAUgEE R I V E R  WATEQSHED 
B Y  SUBWATERSHED 

CEDAR CREEK .............. 
CROOKED LAKE CREEK ....... 
E A S T  BRANCH .............. 
L I N C O L N  CREEK ............ 
LONER MILUAUKEE.......... 
M I D D L E  M I L k A U K E E  ......... 
NORTH BRANCH ............. 
S I L V E R  CREEK ( S H E B O Y G A N I .  
S I L V E R  CREEK L W A S H I N G T O N I  
U P P E R  MILWAUKEE.......... 
MEST BRANCH...... ........ 

A R T I F I C I A L  U R 8 A N  0 ~ 4 1 ~ 4 ~ ~ ~  CHANNEL IMPROVEMENT 

1 TOTAL. .  .................. 1 6 9 3 . 8  1 4 8 . 8  1 0 . 0 8  1 3 3 . 3  1 4 . 8  3 4 . 4 7  1 4 . 9  1 

A R T I F I C I A L  4 G R I C U L T U R A L  D R A I N A G E '  

'INCLUDES ALL AREAS FOUND TO B t  I N  H I S T O R I C  OR E X I S T I N G  FARM D R A I N A G E  D I S T R I C T S .  

SUBWATERSHED 

b~~~~~~~ OF ALL QUARTER S E C T I O N S  W I T H  THE URBAN LAND U S t S  R E S I O L N T I A L ~  COMMERCIALI  I N O U S T R ~ A L I  GOVERNMENTAL, AND I N S T I T U T I O N A L  T O T A L I N G  
5 0  ACRES OR MORE. 

SOURCE- SEURPC. 

O R A I N A G t  AREA 
SQUARE M I L E S  

the large amount of natural storage which st i l l  
exists within the main channel system of the 
watershed, it is reasonable to assume that the net 
effect on the flow regimen at Milwaukee is hardly 
measurable. Nevertheless, the basic trends indi- 
cated previously are  very real. In the Cedar 
Creek subwatershed, for example, such activity 
has made possible the drainage of valuable farm 
land, with the probability that downstream flood 
peaks are  somewhat higher. It is possible, how- 
ever, that a channel improvement which shortens 
the time of concentration of a tributary peak could 
sufficiently cause staggering of tributary peaks to 
actually decrease the combined discharge rate. 
The opposite result could also be true, in which 
case the changed time of concentration would tend 
to increase the combined discharge rate. 

Artificial Subsurface Drainage 
Artificial subsurface drainage is another factor 
affecting the flow regimen of a watershed and is 
often closely associated with channel improve- 
ment. Large portions of the Milwaukee River 
watershed have such poor surface drainage under 
natural conditions that i t  is necessary to install 
tile underdrains to permit efficient agricultural 
operations. Because of the individual manner and 
long period of time over which such drainage 
improvements were installed, it i s  not possible 
to determine precisely the total tile-drained area. 
Estimates based upon historical records and 
legally established farm drainage district bounda- 
r ies  indicate that, about 33 square miles, or 
5 percent of the entire watershed area, has been 
tiled, with nearly 53 percent of this total lying 
within the Cedar Creek subwatershed. Map 3 

shows the spatial distribution of known tile- 
drained areas within the Milwaukee River water- 
shed basin. These areas are  also summarized in 
tabular form for the entire watershed and for the 
11 hydrologic subwatershed units in Table 35. The 
location map indicates that tile-drained areas are  
often, though not always, associated with channel 
improvement. This is because straightening and 
deepening of natural channels i s  often required 
to provide adequate outlets for the agricultural 
drain tiles. 

M I L E S  

The effect of artificial drainage on the flow regi- 
men of a watershed is difficult to analyze, since 
the effect of the drainage is  not to reduce the 
surface water storage but to increase the capacity 
for temporary soil water storage during the grow- 
ing season. The net result would generally be 
expected to increase the volume of streamflow due 
to a reduction of evapotranspiration losses. In the 
spring, when ice and snow conditions cause block- 
ing of the drainage courses, there is probably 
little overall effect on natural flow conditions. 
During the frost-free months, when tile under- 
drains are fully operable, i t  is probable that areas 
that have been tiled to eliminate poor surface 
drainage or to lower a high ground water table 
would show a decrease in peak surface runoff due 
to the increased storage made available in the 
dewatered soil profile but would result in the 
ultimate release of a greater volume of flow. For 
the more infrequent high-intensity short-duration 
rainfall events, however, where soil infiltratiod 
capacity is a limiting factor, it is doubtful that 
tiling in the Milwaukee River watershed has any 
perceptible influence on peak rates of runoff. 

SQUARE M I L E S  PERCENT OF T O T A L  M I L E S  PER SQUARE M I L E  SQUARE M I L E S  PERCENT OF TOTAL 



Roads, Bridges, and Culverts 
A total of 231 highway and railroad crossings over 
the stream system of the Milwaukee River water- 
shed were inventoried in the watershed study. Of 
this total, 209 structures were located on the 
216 miles of perennial stream network for which 
the flood-flow simulation model was constructed. 
Of these 209 structures, four did not significantly 
affect the hydraulic capacity of the stream system 
and were thus eliminated from the model, leaving 
a total of 205 structures used in the model. The 
location of all 231 structures inventoried is shown 
on Map 36, along with the 48 dams and lake outlet 
control structures existing in the watershed. All 
of the 48 dams and lake outlet control structures 
were inventoried and 38 were used in the flood- 
flow simulation model. 

The number and type of crossing structures are  
summarized in tabular form for the entire water- 
shed and for the 11 hydrologic subwatershed areas 
in Table 34. This tabulation shows that the great- 
e s t  number of crossings per river mile is 3.26, 
which occurs in the Lincoln Creek subwatershed, 
and the least number is 0.49 per river mile, 
which occurs in the Upper Milwaukee River sub- 
watershed. The average distance between cross- 
ings for the entire Milwaukee River watershed is 
approximately one mile. 

Roadway and railway bridges and culverts are 
cultural features imposed upon the watershed by 
man. Unlike water control structures, they are 
not built for the purpose of regulating or  modify- 
ing the natural flow regimen of surface runoff but 
do so only incidentally. Bridges and culverts, 
along with their approaches, function as  obstruc- 
tions during times of high surface water dis- 
charge, causing upstream water levels to be 
raised above downstream water levels by an 
m o u n t  equal to the head loss (loss of hydraulic 
energy) through the structure. This causes the 
water surface profiles to be raised above natural 
levels for some distance upstream from the 
bridges. This backwater effect reduces the effec- 
tive slope and the amount of energy available for 
flow, resulting in lower velocities and decreased 
flow capacity. This, in turn, causes temporary 
surface water storage, which tends to decrease 
peak discharges and increase the duration of sur- 
face runoff downstream at the expense of higher 
stages and increased inundation upstream. 

The amount of head loss through a bridge is a 
function of i ts  waterway opening and hydraulic 
characteristics, as well as the mount  of flow in 

the channel and, for a well-designed bridge, can 
be quite small. For a given discharge, therefore, 
the amount of backwater effect depends more on 
the hydraulic characteristics of the individual 
structures than on the total number of crossings. 
Backwater caused by bridges and culverts within 
the watershed is generally very small and, for a 
100-year recurrence interval flood, ranges from 
only a few tenths of a foot to slightly over 2.0 feet. 

Head loss attributed to bridges and culverts varies 
from subwatershed to subwatershed within the 
Milwaukee River basin. For the watershed as a 
whole, however, the significance of the stream 
crossing effect is overshadowed by the much more 
significant influence of head losses which occur at 
dams and head losses associated with natural 
watershed characteristics, such as channel and 
overbank frictional resistance and channel mean- 
dering. In the Lower Milwaukee River, for exam- 
ple, hydraulic computations indicate that bridges 
and culverts cause less than one percent of the 
total head loss during a 100-year recurrence 
interval flood. 

Land Use 
The type, intensity, and spatial distribution of 
land use, along with soil type, determine, to a 
large extent, the surface water runoff character- 
istics of a watershed. Soil type, which has been 
discussed previously, is a natural property; but 
land use is a result of human activity and must be 
considered as an artificial characteristic. 

The type of land use and treatment have two major 
effects on hydrologic r e  lationships. The rainfall- 
runoff ratio is a function of the degree of per- 
viousness of the surface and the type of cover. 
The rainfall-runoff relationship may be expressed 
as a hydrologic soil-cover complex number 25 , 
with the volume of runoff being proportional to 
its magnitude. Time of concentration varies with 
the hydraulic smoothness associated with the 
land use. Smoother surfaces, such as  bare soil 
or  paved areas, decrease the time of concen- 
tration and cause the incremental surface run- 
off hydrograph to have a high peak and short 
base, whereas the converse is true to hydrau- 
lically rough surf aces. 

2 5 ~  hydrologic soil-cover complex is represented numerical- 
ly by a Runoff Curve Number (RCN), which is based on the 
combination of hydrologic soil group and land use and treat- 
ment class. For further discussion, See Chapter XII of this 
volume, entitled "River Performance Simulation.'' 



Source: Harza Engineering Company and SEWRPC. 



The spatial distribution of the existing land uses 
within the watershed is summarized on Map 9, 
and the various existing land uses are  quantified 
in Table 7. It should be noted from the table 
that, about 15 percent of the total area  of the 
watershed is devoted to intensive urban-type land 
uses, which have the highest surface runoff poten- 
tial; about 61 percent is devoted to agricultural 
uses; and about 14 percent is devoted to woodlands 
and wetlands, which have the lowest runoff poten- 
tial. The volume of surface runoff generally 
increases with increased land use intensity, while 
the time of concentration tends to decrease with 
increased land use intensity. For instance, if 
woodlands a r e  converted to commercial or  indus- 
tr ial  land use, runoff volume may be increased as  
much as  three o r  four times. It can be  generally 
stated that man's activities with respect to land 
use increase both the volume of runoff and peak 
discharges over natural conditions, the amount of 
increase varying with the type and intensity of 
land use and with the rate of change from one use 
to another. Although change in land use from nat- 
ural  conditions has had a very definite effect upon 
the flow regimen of the Milwaukee River basin, a 
precise quantification of this effect would be diffi- 
cult. The result can be summarized qualitatively, 
however, with respect to three major phases of 
historic development in the watershed, as follows: 

1. Before the settlement of the area by Euro- 
peans, the entire watershed was either in 
wetland, prairie, or  woodland, all "naturalw 
land uses which tended to reduce both the 
velocity and volume of surf ace runoff, 
resulting in hydrographs with low-peak 
discharges and long-base times. Erosion 
and sedimentation problems were minimal. 

2. The first  major change in the flow regimen 
came with the transition from natural to 
agricultural land use. This change was 
fairly gradual but had a major influence 
upon the hydrology of the basin. Natural 
cover was reduced through more intensive 
grazing; the plow laid much of the area 
bare and made it susceptible to erosion. 
Both flood peaks and runoff volumes were 
increased, probably by as  much as  15 per- 
cent. Sedimentation problems increased, 
and small millponds silted up more rapidly. 

3. The second major change in the flow regi- 
men came with the transition from agri- 
cultural to urban use and is  still underway 

at the present time. The effects of urbani- 
zation on the flow regimen of a watershed 
are of such major importance that they 
warrant more detailed consideration. 

Urbanization: Urbanization is actually a combina- 
tion of intensive land uses, including commercial, 
industrial, transportation, and residential uses, 
each of which has a somewhat different effect upon 
the flow regimen of a watershed. Since every 
urban area has differing proportions of each land 
use, i t  is obvious that runoff modification will 
vary accordingly. Since the changes in peaks, 
duration, and frequency of floods vary widely from 
subwatershed to subwatershed, depending upon 
such factors as  soils and topography, a s  well 
as upon the relative proportions of each of the 
urban land uses, the effects of land use alone are  
extremely difficult to evaluate on a quantitative 
basis. 

Urbanization generally modifies the hydrologic 
system of a watershed by decreasing the storm 
water retention capability over much of the area 
and by increasing the rate at which storm water is 
transported over the surface of the land. The 
ratio of runoff to rainfall is increased as a result 
of increased impervious area. The time of con- 
centration i s  decreased as  a result of decreased 
hydraulic friction and increased drainage density. 
The time of concentration of an area which is fully 
storm sewered may be reduced to one-third of the 
time under agricultural use. These reductions in 
concentration time and increases in runoff have 
the effect of shortening the time of tributary out- 
flow but increasing the peaks. It should be pointed 
out, however, that the increase in impervious 
area may be somewhat compensated for by the 
increased retention capability of soils under lawn 
cover as compared to some types of agricultural 
use; but the net effect is  still  toward increased 
runoff except in the case of extremely low-density 
residential development. 

The preceding discussion is valid for summer 
rainfall events, but major floods in the Milwaukee 
River watershed are  more likely to be associated 
with snowmelt conditions when the soil is either 
saturated or  frozen and the retention capacity for 
concurrent rainfall is practically nil. Effectively 
then, the entire area of the watershed is imper- 
vious regardless of the extent of urban develop- 
ment. In fact, it is likely that the volume of 
snowmelt runoff in a flood situation will be some- 
what smaller under urban conditions than i t  would 



be for agricultural conditions. Snow deposits dis- 
appear more rapidly in an urban situation, allow- 
ing comparatively less accumulation prior to 
sudden thaw, such as occurred in 1960. Snow is 
removed or  melted from the streets, melts from 
roofs of buildings, and is more effectively melted 
off by solar radiation because of darkening from 
soot and dust. 

The rate of runoff of snowmelt water from urban 
areas i s  increased, however, because of paved 
drains and sewers and hydraulically improved 
stream channels. As a result flood peaks may be 
higher, even though the totalvolume of flood runoff 
is less. It can be concluded that flood peaks from 
urban areas under snowmelt conditions may be 
expected to be somewhat higher than under agri- 
cultural conditions, especially for the more infre- 
quent events. This is due to shorter concentration 
times and the increased likelihood of unpredict- 
able conditions, such as  ice jams, despite the 
tendency toward decreased surf ace runoff volume. 

A comparison of peak flood discharges from the 
Silver Creek (Sherman Township) subwatershed 
and the Lincoln Creek subwatershed illustrates the 
aforementioned effects of urbanization on surface 
water runoff characteristics. The Silver Creek 
subwatershed i s  almost entirely in rural land use 
and, as  shown in Table 34, has a drainage area of 
19.6 square miles and a mean channel slope of 
7.60 feet per mile. In contrast, the Lincoln Creek 
subwatershed i s  urbanized, being covered almost 
entirely with high-density residential land use; 
however, i ts  drainage area of 19.8 square miles 
and mean channel slope of 5.80 feet per mile are  
very similar to the Silver Creek subwatershed. 
Therefore, different responses of these two sub- 
watersheds to the same flood-producing event 
may be attributed almost exclusively to the rural  
state of land use in the one subwatershed as  
opposed to the urbanized state of land use in the 
other subwatershed. 

The flood-flow model described in Chapter XII of 
this volume indicates that the 100-year recurrence 
interval subwatershed rainfall flood would produce 
a peak discharge of 2,430 cfs at the downstream 
end of the Silver Creek subwatershed, while the 
same precipitation sequence applied to the Lincoln 
Creek subwatershed would generate a peak dis- 
charge of 3,700 cfs at the subwatershed dis- 
charge point. Therefore, as  indicated by the 
model, urbanization i s  responsible for a 52 per- 
cent increase in peak discharge accompanying 

the 100-year recurrence interval subwatershed 
flood. Peak discharges for the 10-year recur- 
rence interval subwatershed rainfall flood events 
are  1,570 cfs for  Silver Creek and 2,800 cfs for 
Lincoln Creek, a 78 percent discharge increase 
attributed to urbanization. An increase in peak 
discharge would also be expected to occur for  
snowmelt o r  snowmelt-rainf all flood events on 
these two subwatersheds, although a s  stated above, 
the increase would generally not be a s  large as  for 
rainfall floods. 

Besides increasing surface runoff peaks and de- 
creasing base time, urbanization tends to modify 
surface water hydrology in other ways. Increased 
velocity may increase scouring and sedimentation 
downstream. Shorter runoff time base and ground 
water pumpage may decrease base flow during 
low-flow periods. This will lead to increased 
waste assimilation problems and locally change 
flow-duration characteristics of the subwatershed. 

PHYSICAL CHARACTERISTICS 
BY SUBWATERSHED 

In previous sections of this chapter, the major 
natural and man-made physical characteristics of 
the watershed were described and the individual 
influence of these characteristics upon the overall 
surface water hydrology of the Milwaukee River 
basin discussed. The general relationships which 
have been developed for the basin as a whole also 
apply to the 11 subwatersheds which have been 
chosen as basic units for hydrologic analysis. 
There are  eight major subwatersheds ranging in 
size from 19.8 to 132.3 square miles. These 
subwatersheds were determined on the basis of 
their hydrologic similarity and generally corre- 
spond to the naturally defined watersheds of the 
major tributaries at their confluence with the 
main stem of the Milwaukee River. Each sub- 
watershed is  homogeneous enough that i t  can be 
reasonably considered as having uniform climatic, 
hydrologic, geologic, and geomorphologic charac- 
teristics. The other three minor subwatersheds 
range in size from 9. 9 to 19. 6 square miles and 
were selected for study due to their particular 
proximity to existing o r  anticipated structural 
developments. 

Since the surface water runoff characteristics 
vary profoundly from subwatershed to subwater- 
shed, it is necessary to discuss for each sub- 
watershed those physical characteristics which 
affect surface water runoff. Such a discussion is 



essential to the attainment of a proper under- 
standing of the hydrologic model developed for the 
watershed, including the synthetic hydrographs 
and the simulation of actual runoff events. The 
subwatersheds are discussed in order of their 
contribution to flow to the main stem of the Mil- 
waukee River, beginning with the Upper Milwaukee 
River subwatershed, which is  the most northerly 
subwatershed, and the headwaters of the basin and 
ending with the Lincoln Creek subwatershed within 
the City of Milwaukee. 

Upper Milwaukee River Subwatershed 
The Upper Milwaukee River subwatershed has an 
areal extent of 93.2 square miles, o r  13.5 per- 
cent of the total watershed area, and i s  divided 
into 13 sub-basins. This subwatershed comprises 
the headwater region of the main stem of the Mil- 
waukee River, lying between the watershed divide 
and the junction with the East Branch of the Mil- 
waukee River. This subwatershed is characterized 
by numerous permanent wetlands, totaling 14,639 
acres, o r  24.4 percent of the subwatershed area. 
Surface water storage areas cover 799 acres, o r  
1.3 percent of the subwatershed area. Woodlands 
cover a total of 4,389 acres, or  7.4 percent of the 
subwatershed area. 

Channel improvement to facilitate drainage is 
among the most intensive for the entire watershed, 
and about 5 percent of the subwatershed area has 
been artificially drained. There a re  11 stream- 
crossing structures on 22.61 miles of channel 
system for which hydraulic characteristics have 
been determined, giving the Upper Milwaukee 
River subwatershed the lowest representative 
structure density in the watershed. Channel slopes 
average 4.59 feet per mile, with a mean coeffi- 
cient of roughness of TinTi = 0.042. Five percent 
of the subwatershed is devoted to urban land 
use, making i t  the eighth most urbanized of the 
11 subwatersheds. 

West Branch Subwatershed 
The West Branch subwatershed consists of five 
sub-basins and has a drainage area of 60.4 square 
miles, o r  8.8 percent of the total watershed area. 
It is tributary to the Upper Milwaukee River 
approximately 1.5 miles north of Kewaskum. This 
subwatershed has scattered wetland areas totaling 
5,991 acres, o r  15.6 percent of the subwatershed 
a r e a  Of this total, 1,433 acres, o r  26 percent of 
the subwatershed wetlands, are located in the 
Wayne Marsh in the Town of Wayne. Surface 
water storage areas total 5,645 acres, o r  15 per- 

cent of the subwatershed area. Woodlands cover 
a total of 1,789 acres, o r  4.6 percent of the sub- 
watershed area. 

There are 15 stream-crossing structures on 
16. 66 miles of channel system for which hydraulic 
characteristics have been determined. Channel 
slopes average 4.50 feet per mile, with a mean 
coefficient of roughness of "nl1 = 0.040. Four 
percent of the subwatershed is devoted to urban 
land use, making i t  the least urbanized of the 
11 subwatersheds. 

East Branch Subw aters hed 
The East Branch of the Milwaukee River is tribu- 
tary to the Upper Milwaukee River approximately 
five miles north of the City of West Bend. The 
subwatershed consists of five sub-basins totaling 
36.1 square miles, o r  5.2 percent of the total 
watershed area. This subwatershed has exten- 
sive natural surface storage areas in depressions, 
swamps, and lakes. Of these storage areas,  wet- 
lands total 6,388 acres, o r  26.1 percent of the 
subwatershed area, while lakes and streams com- 
prise 682 acres, o r  3.0 percent of the subwater- 
shed area. Much of the riverine area is within 
the Kettle Moraine State Forest, which i s  devoted 
to the preservation and development of woodlands 
and wetlands. Woodlands in this subwatershed 
total 4,274 acres, o r  18.5 percent of the total 
for the subwatershed. The potential for surface 
runoff, both in volume and peak per unit area, 
is less for this subwatershed than for nine of the 
11 subwatersheds. 

There are  9 stream-crossing structures, or 
about 17.97 miles of channel system, for which 
hydraulic characteristics have been determined. 
Channel slopes average 4.67 feet per mile, with 
a mean coefficient of roughness of "nl1 = 0.051. 
Urban land use comprises 1,404 acres, or 5.7 
percent of the area of this subwatershed. 

Crooked Lake Creek Subwatershed 
Crooked Lake Creek drains an area of 14.2 square 
miles into the East Branch of the Milwaukee River 
at a point approximately one-half mile south of 
Mauthe Lake. Much of the riverine area is within 
the Kettle Moraine State Forest. Wetlands and 
woodlands total 2,269 and 1,486 acres, respec- 
tively, o r  26.2 and 16.4 percent, respectively, of 
the subwatershed area. There are six stream- 
crossing structures on about 5.13 miles of channel 
system for which hydraulic characteristics have 
been determined. Channel slopes average 6.65 



feet per mile, with a mean coefficient of rough- 
ness of "nu = 0.034. Urban land use comprises 
400 acres,  o r  4.6 percent of the area of this 
subwatershed. 

Middle Milwaukee River Subwatershed 
The Middle Milwaukee River subwatershed is 
herein defined as that area  lying along the main 
stem of the Milwaukee River between the junctions 
with the East and North Branches of the Milwau- 
kee River. The drainage area of 50.5 square 
miles, o r  7.3 percent of the total area of the 
watershed, i s  divided into six sub-basins. Surface 
water storage areas include 4,795 acres of wet- 
lands and 791 acres of lake and stream surfaces, 
which represent 14.3 and 2.5 percent, respec- 
tively, of the subwatershed area. Woodlands, 
totaling 2,962 acres,  o r  9.2 percent of the sub- 
watershed area, are  scattered throughout the 
subwatershed. 

Channel improvement to facilitate drainage is the 
least extensive within the entire Milwaukee River 
watershed, and only about 4 percent of the total 
area of the subwatershed has been subjected to 
artificial drainage improvements. There are  15 
stream-crossing structures on about 26. 37 miles 
of channel system for which hydraulic character- 
istics have been determined. Nearly all the land 
is in agricultural use, but urbanization is spread- 
ing to rura l  lands around the City of West Bend 
and could significantly change the runoff charac- 
teristics of the subwatershed. Channel slope 
averages 5.02 feet per mile, with a mean coeffi- 
cient of roughness of "nV = 0. 041. 

Silver Creek (West Bend Township) Subwatershed 
The Silver Creek (West Bend Township) subwater- 
shed has an areal extent of 9.2 square miles, or 
1.4 percent of the total area  of the watershed, and 
is the smallest of the 11 subwatersheds. Silver 
Creek flows in a northeasterly direction and 
is tributary to the Milwaukee River within the 
limits of the City of West Bend. There is a 
relatively large potential for storage of surface 
runoff in Lucas and Silver Lakes and extensive 
marshy areas located in the upstream areas of the 
subwatershed. Of these storage areas, wetlands 
total 761 acres, o r  12.4 percent of the subwater- 
shed area. The lake surfaces of Lucas and Silver 
Lakes total 196 acres, or 3.2 percent of the sub- 
watershed area. Peak runoff is significantly 
reduced by this storage. However, downstream 
from the storage areas, runoff is  rapid, as the 
mean channel slope is 23. 87 feet per mile. This 

slope is more than twice as steep as  the mean 
channel slopes for the other subwatersheds. 

There are 11 stream-crossing structures on about 
4. 62 miles of channel system for which hydraulic 
characteristics have been determined. The mean 
coefficient of roughness in the subwatershed is 
1 1  n 1 1  = 0.044. Urban land use totals 1,237 acres, 

or  20 percent of the subwatershed area. 

North Branch Subwatershed 
The North Branch of the Milwaukee River is 
tributary to the Milwaukee River two miles 
west of Waubeka. The drainage area of 127.9 
square miles, o r  18.5 percent of the total area  of 
the watershed, is divided into 12 sub-basins. The 
drainage system of the North Branch subwater- 
shed includes many well-defined second order 
tributaries which contribute flow at regular dis- 
tances along the North Branch channel. There a re  
no large lakes or wetlands in this subwatershed. 
Of the total surface water storage areas, wetlands 
total 13,131 acres, or  15.9 percent of the sub- 
watershed area, while lake and stream surfaces 
total 587 acres, o r  0.7 percent of the subwater- 
shed area. Because it lacks large surface water 
storage areas, the runoff from this subwatershed 
exceeds the average for the Milwaukee River 
watershed. Woodlands in the subwatershed total 
8,352 acres, or  2 percent of the subwatershed area. 

About 0.8 percent of the subwatershed area  has 
been artificially drained. There a re  21 stream- 
crossing structures on about 22.66 miles of channel 
system for which hydraulic characteristics have 
been determined. Channel slopes average 4.51 
feet per mile, with a mean coefficient of rough- 
ness of "nfl = 0.037. Most of the drainage area  is 
used for agricultural purposes; and because of 
this, only 4.6 percent of the area of this sub- 
watershed is in urban land use. 

Silver Creek (Sherman Township) Subw atershed 
Silver Creek (Sherman Township) drains an area  
of 19.6 square miles, or  2.8 percent of the total 
area  of the Milwaukee River watershed. It flows 
into the North Branch of the Milwaukee River 
one-half mile north of the Sheboygan-Washington 
County line. The headwater region of the Silver 
Creek drainage area is controlled by Random 
Lake. Marshy lands lie astride the stream in the 
middle reach. These wetlands total 2,389 acres, 
o r  20.3 percent of the subwatershed area. Lake 
and stream surfaces total 254 acres, o r  2 percent 
of the subwatershed area. Also, in this subwater- 



shed woodlands total 576 acres, or  5 percent of 
the subwatershed area. 

Channel improvement to facilitate drainage is the 
fifth highest for the watershed, and about 0.4 per- 
cent of the subwatershed area  has been artificially 
drained. There are 12 stream-crossing struc- 
tures on about 9.60 miles of channel system for 
which hydraulic characteristics have been deter- 
mined. Channel slopes average 7.60 feet per mile, 
with a coefficient of roughness of "n" = 0.037. 
Urban land uses comprise 766 acres, or  6.5 per- 
cent of the subw atershed area. 

Lower Milwaukee River Subwatershed 
The Lower Milwaukee River begins at the junction 
with the North Branch and terminates at the North 
Avenue Dam in Milwaukee. The drainage area of 
132.3 square miles, o r  19.2 percent of the total 
watershed area, is divided into 11 sub-basins. 
Wetland areas total 6,607 acres, or  7.7 percent 
of the subwatershed area. Lake and stream sur- 
faces for the subwatershed total 2,292 acres, o r  
2.7 percent of the subwatershed area. Also, 
woodlands total 6,701 acres, o r  7.9 percent of the 
subwatershed area. Runoff from this area is more 
rapid than from areas farther upstream. In addi- 
tion, the water yield per unit area is probably 
greater in this area, due both to the effects of 
urbanization and due to the type of soils. 

Channel improvement to facilitate drainage is the 
fifth highest for the watershed, and about 23 per- 
cent of the area has been artificially drained. 
There are 32 Stream-crossing structures on about 
45 miles of channel system for which hydraulic 
characteristics have been determined. Channel 
slopes average 4.46 feet per mile, with a coeffi- 
cient of roughness of "n" = 0. 036. Land nse 
varies from rural  in the upstream areas to high- 
density urban within the City of Milwaukee. The 
subwatershed is undergoing rapid urbanization, 
which is spreading northward from the City of 
Milwaukee. 

Cedar Creek Subwatershed 
The Cedar Creek subwatershed is divided into 
10 sub-basins totaling 126.8 square miles, or 
18.4 percent of the total watershed area. Begin- 
ning at Big Cedar Lake, the largest lake in the 
watershed, Cedar Creek flows in a general east- 
erly direction and is tributary to the Milwaukee 
River two miles south of the Village of Grafton. 
The Cedarburg Bog, located five miles north of 
the City of Cedarburg, is a large, scientifically 

monitored wildlife refuge maintained by the Wis- 
consin Department of Natural Resources. It con- 
stitutes a sizable area of off-channel natural 
storage for runoff. Jackson Marsh lies along the 
main channel of Cedar Creek and provides consid- 
erable on-channel storage during floods. These 
and other wetland areas total 12,092 acres, or  
16.0 percent of the subwatershed area. Lake and 
stream surfaces total 2,052 acres, o r  2.53 per- 
cent of the subwatershed area. Also, woodlands 
total 6,527 acres, o r  8.05 percent of the sub- 
watershed area. 

About 15 percent of the subwatershed area has 
been artificially drained. There are  35 stream- 
crossing structures on about 32.72 miles of 
channel system for which hydraulic character- 
istics have been determined. Channel slopes 
average 11.55 feet per mile, with a coefficient of 
roughness of "n" = 0.039. Land use varies from 
recreational and low-density residential in the 
headwaters to agricultural and marshy areas in 
the central drainage area to urban in the down- 
stream portion of the subwatershed. The urban 
land uses comprise 6,678 acres, or  8 percent of 
the subwatershed area. Runoff from this sub- 
watershed equals approximately the average for 
the entire watershed. 

Lincoln Creek Subwatershed 
Lincoln Creek drains 19.8 square miles of high- 
density residential area, o r  2.9 percent of the 
total watershed area, most of which is within 
the City of Milwaukee. A portion of Lincoln Creek 
is now a concrete-lined channel surrounded by a 
grassy parkway that serves as the floodway. Run- 
off from this subwatershed is rapid and, for 
intense storms of short duration, results in high, 
sharp, peak flows at the Milwaukee River gage 
which precede the main river peaks. 

Lincoln Creek has experienced the most intensive 
channel improvements of all the streams of the 
Milwaukee River system. Hydraulic data has 
been obtained for 5.75 miles of channel. Within 
this distance there a re  22 stream-crossing struc- 
tures for an average spacing of 0.26 mile, the 
highest crossing density in the total watershed. 

SUMMARY 

This chapter has described those elements of the 
complex hydrologic environment of the Milwaukee 
River watershed, which, because of their profound 
influence upon water resources, must be con- 



sidered in any comprehensive land and water use 
planning effort. These elements are  summarized 
in the following paragraphs and include the quan- 
tity and distribution of precipitation, evapotrans- 
piration, the quantity of runoff and the factors that 
influence runoff, and surface and ground water 
storage and the factors that influence storage. 

Quantitative knowledge of the complex hydrologic 
cycle as i t  affects the watershed is necessary to 
assess the availability of surface and ground water 
for various uses and to improve the management 
potential of water during times of flooding o r  
drought. The quantitative relationships between 
inflow and outflow, termed the "hydrologic budget," 
were determined for the watershed. Precipitation 
is the primary source of water to the watershed 
and averages approximately 29.4 inches annually. 
Surf ace water runoff and evapotranspiration losses 
constitute the primary outflow from the basin. The 
average annual runoff approximates 6 .9  inches, 
while the annual evapotranspiration loss to the 
watershed totals about 22.5 inches. Over a long 
period of time, the outflow from, and inflow to, 
the watershed have been equal, indicating that 
there is no apparent long-term trend in the net 
gain o r  loss in the quantity of water in the basin. 

There a re  three main ground water aquifers that 
underlie the watershed, including the deep sand- 
stone, the shallow dolomite, and the unconsolidated 
sand and gravel aquifers. The sandstone is the 
deepest of the three aquifer systems; and wells 
tapping this aquifer are  sometimes more than 
2,000 feet deep and, therefore, very expensive to 
drill and operate. This aquifer, except for minor 
leakage and a connection to the recharge area, is 
hydraulically separated from the remainder of the 
hydrologic system by the overlying semiperme- 
able Maquoketa shale formation. This aquifer in 
the past has been a principal source of water 
supply to Milwaukee County industry; however, 
because of severe water quality problems recently 
incurred, most industrial users are  no longer 
depending on this source of supply. 

There are  two shallow aquifer systems that a re  
important sources of ground water supply. One 
is the shallow dolomite aquifer system. This 
system, in general, overlies the Maquoketa shale 
formation. Overlying the dolomite strata are the 
unconsolidated deposits of sand and gravel which 
comprise the second shallow aquifer system. Both 
of these aquifers are  important sources of water 
to the Milwaukee River watershed; and, due to 
their relative nearness to the land surface, wells 
therein are  inexpensive to construct and operate. 
The shallow aquifers are  extensively used for pri- 
vate residential and commercial purposes but less 
extensively used by the larger municipalities. 

The surface water of the watershed is composed 
almost entirely of streamflow and lake storage. 
Streamflow varies widely, reflecting changes in 
climatic conditions, soil moisture, season of the 
year, ground water levels, and land use. Records 
of streamflow for the basin a re  limited. The 
55-year streamflow record of the Milwaukee 
River at Milwaukee, Wisconsin, is the longest 
streamflow record available within the basin. 
This record does not, however, adequately rep- 
resent the streamflow characteristics of the major 
tributaries; and, therefore, these characteristics 
were determined by synthetic means. 

The greatest quantity of surface water in the basin 
exists as lake storage. Variations in the lake 
levels have occurred in the past in response to 
a number of natural hydrologic factors. In the 
future, however, changes in land use, brought 
about by continued urbanization, may adversely 
affect lake levels. 

An inventory and evaluation of the physical char- 
acteristics of the watershed which affect surface 
water runoff, both natural and artificial, were 
made as a basic step in the development of mean- 
ingful plans to abate serious flooding problems. 
Each natural feature of the basin-climate, soils, 
drainage pattern, storage areas, and channel and 
floodplain areas-and each artificial feature- 
water control structures, channel improvement, 
subsurf ace drainage, bridges and culverts, and 
land use-were included as  a part of this inventory. 
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Chapter W 

ANTICIPATED GROWTH AND CHANGE IN THE MILWAUKEE RIVER WATERSHED 

INTRODUCTION 

In any planning effort, forecasts are  required of 
all future events and conditions which are outside 
the scope of the plan but which affect either the 
plan design or  implementation. Normally, the 
future demand for land and water resources in a 
planning area  is determined primarily by the size 
and spatial distribution of future population and 
economic activity levels. Control of changes in 
population and economic activity levels, however, 
lies largely outside the scope of governmental 
activity at the regional and local level and entirely 
outside the scope of the watershed planning proc- 
ess. In the preparation of a comprehensive 
watershed plan, therefore, future population and 
economic activity levels within the watershed 
must be forecast. These forecasts can then be 
converted to future demand for land and water 
resources within the watershed, and a land and 
water use plan prepared to meet this demand. 

It i s  important to note that, because of the basic 
concepts under lying the Milwaukee River water- 
shed planning program, the spatial distribution of 
future land use within the watershed lies within 
the scope of the plan to be produced and is, there- 
fore,  a design rather than a forecast problem. 
Thus, while it is necessary to forecast the future 
gross requirements within the watershed for  each 
of the major land use categories, the spatial allo- 
cation of land to meet these requirements within 
the watershed is  an important element of the plan 
itself. It i s  also important to note that the geo- 
graphic location of the Milwaukee River watershed 
within the rapidly urbanizing Southeastern Wis- 
consin Region is  an important factor affecting 
forecast requirements and methods. Economic 
activity affecting development within the Milwau- 
kee River watershed is located largely, although 
not entirely, outside the watershed boundaries. 
Thus, the primary determinant of future land and 
water demand within the watershed is the future 
level of population within the watershed; and this 
level must be forecast primarily on the basis 
of broader regional forecasts of economic activity 
and employment levels. 

The primary natural resource elements affected 
by population growth within the watershed are  land 
and water, particularly land a s  open space with 
i ts  attendant recreational and broad resource con- 
servation values. The riverine areas a re  particu- 
larly important in this respect because it i s  here 
that the problems and opportunities arising out of 
a land use pattern, rapidly changing in response 
to changes in the size, characteristics, and, most 
importantly, the spatial location of the watershed 
population, will most affect the other elements of 
the natural resource base and the overall quality 
of the environment within the watershed. A rapidly 
changing land use pattern in the remainder of the 
watershed will also affect certain elements of the 
natural resource base, particularly woodlands and 
prime agricultural lands; but the effect upon the 
total environment will be less intensive than the 
effect of development in the riverine areas. 

The water resource will be, in turn, affected by 
the land use pattern, particularly by the future 
spatial distribution of water-using and waste- 
disposing activities within the watershed. These 
will, to a considerable extent, determine the waste 
assimilatior, demands placed upon the lakes and 
streams of the watershed and the +ility of these 
lakes and streams to  meet the established water 
use objectives and standards. 

POPULATION AND ECONOMIC ACTIVITY 

Forecasts of future population and economic 
activity levels within the Milwaukee River water- 
shed must take into consideration the distinct 
geographic and political features of the watershed, 
as  well as  the present pattern of, and historic 
trends in, the distribution of population and eco- 
nomic activity within the watershed. With respect 
to the preparation of forecasts of population and 
economic activity levels, the watershed may be 
considered to be comprised of two generally dis- 
tinct areas: one consisting of that portion of the 
watershed lying within the Southeastern Wisconsin 
Region and the other, that portion lying outside the 
Region. These two areas not only differ with 
respect to the variety and depth of demographic 



and economic information available for fore- 
casting purposes but also with respect to growth 
characteristics and potential. 

As indicated in Chapter III of this volume, the 
headwater area of the watershed lying outside the 
Region in Dodge, Fond du Lac, and Sheboygan 
Counties contains 38 percent of the land area of 
the watershed but only 2 percent of the population. 
Moreover, since 1920 the population of the entire 
watershed increased by 104 percent, while the 
population of the headwater area increased by only 
22 percent. Development in that portion of the 
watershed lying within the Southeastern Wisconsin 
Region is strongly influenced by the greater Mil- 
waukee metropolitan area,  and population and 
economic activity changes in this portion of the 
watershed are  closely related to the population 
and employment changes in the Region as  a whole. 
The growth potential of the headwater area  is 
influenced in part by the Milwaukee metropolitan 
area and in part by the Cities of Fond du Lac and 
Sheboygan, but the area remains predominately 
rural  in character. 

In recognition of these factors, population and 
economic activity forecasts were prepared sepa- 
rately for the two portions of the watershed and 
summed to obtain forecasts for the entire water- 
shed. For that portion of the watershed lying 
outside the Region, population and employment 
forecasts were based upon an extrapolation of 
historic trends under the assumption that the area 
will continue to change and progress at about the 
same rate as  i t  has in the past. For that portion 
of the watershed lying within the Region, popula- 
tion and employment forecasts were based upon an 
analysis of population growth and economic activ- 
ity levels within the watershed as  related to the 
Region a s  a whole. 

Population Forecasts 
Population forecasts for the Region and for that 
portion of the Milwaukee River watershed within 
the Region have been prepared by the commission 
to the year 1990. These forecasts are  based upon 
economic, as  well a s  demographic, studies and 
analyses using several independent methods.' 

'See Chapter I11 of SEWRPC Planning Report No. 7, Volume 
2, Forecasts and Alternative Plans - 1990, for a discussion 
of the assumptions and techniques employed in the economic 
and demographic forecasts. In addition, SEWRPC Planning 
Report No. 3, The Economy of Southeastern Wisconsin, and 
SEWRPC Planning Report No. 4, The Population of South- 
eastern Wisconsin, each contain descriptions of the economic 
activity and population forecasting techniques employed by 
the Commission. 

The population of the Region is  forecast to reach 
a 1990 level of approximately 2,700,000 persons, 
an increase of about 890,000 persons over the 
1967 level of 1,809,500 persons (see Figure 26). 

Figure 26 
POPULATION TRENDS AND FORECASTS FOR THE 

MILWAUKEE RIVER WATERSHED, THE REGION, 
WISCONSIN, AND T H E  UNITED STATES 1900-1990 

1900 1910 1920 1930 1940 1950 1960 1970 1980 ISSO 
YEAR 

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

As indicated in Table 36, the population of the Mil- 
waukee River watershed, considered as  a whole, 
has increased steadily from a level of about 
266,000 persons in 1920 to about 544,000 persons 
in 1967, an increase over the 47-year period of 
about 104 percent. This level is forecast to 
increase to about 678,000 persons by 1990, o r  
by an additional 25 percent. The forecast popula- 
tion distribution within the watershed for 1990 is 
depicted on Map 37 by the overall gross density 
of each sub-basin area within the watershed. 
Table 36 also indicates that most of the population 
growth in the watershed may be expected to occur 
within that portion of the watershed lying within 
the Region, with the population of that portion 
of the Milwaukee River watershed within the 
Region forecast to reach a 1990 level of approxi- 
mately 665,000 persons, o r  98 percent of the total 
watershed population. The population of that por- 
tion of the watershed lying outside the Region i s  
forecast to reach a 1990 level of approximately 
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13,000 persons, o r  2 percent of the total water- ures for the Milwaukee River watershed became 
shed population. available late in the watershed study. These fig- 
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Although the population levels forecast represent 
a quite moderate rate of population growth for the 
watershed, a review of the historic relationship 
between population growth in the watershed and 
population growth in the Southeastern Wisconsin 
Region indicates the forecast levels to be reason- 
able, particularly in light of the location of the 
watershed within the seven-county Region (see 
Map 1). That portion of the watershed lying within 
the Region has, since 1920, consistently comprised 
from 31 to 34 percent of the total regional popula- 
tion. This portion of the watershed is ,  however, 
expected to account for a decreasing proportion 
of the total regional population, decreasing from 
31 percent in 1967 to 25 percent by 1990. This 
anticipated decline reflects present trends which 
a re  tending to concentrate new urban development 
within the Region in areas to the west and south of 
the Milwaukee River watershed rather than within 
the watershed itself. Moreover, although com- 
pletion of the proposed freeway system within the 

hISCONSlN  

Region by 1990 may change somewhat the existing 
trends with respect to the direction and magnitude 
of urban development within the Region and the 
watershed, the system will probably not be com- 
pleted in time to influence in any major way the 
1990 forecast population and economic activity 
levels in the watershed. 

As discussed in Chapter III of this volume, the 
preliminary 1970 U. S. Census of Population fig- 
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ures revealed that the total watershed population 
grew by only about 0.2 percent during the 1960- 
1970 decade, from a 1960 estimated population of 
526,823 to a 1970 estimated population of 527,652. 
Furthermore, the 1970 population level reveals an 
estimated population loss in the watershed from 
1967 to 1970 of about 16,000, since the 1967 popu- 
lation of the watershed was estimated at about 
544,000. All of this population loss, however, was 
concentrated in the lower reaches of the watershed 
and within the City of Milwaukee, where a number 
of extraordinary factors have been cited as  con- 
tributing to a net population loss. These factors 
include the substantial depletion of the housing 
stock through extensive urban renewal, freeway, 
and other essential public works activities, a s  
well as  a reduction in the average household size. 
Combined with this significant population loss in 
the lower watershed i s  a pattern of equally signifi- 
cant population growth in the middle o r  suburban 
reaches of the watershed. 

WATERSHED POPULATION 
W I T H I N  THE REGlON AS 

A PERCENT OF THE 
REGIONAL POPULATION 

CILWAUKEE R IVER WATERSHEC 

The impact of these recent population shifts and 
changes on the forecast 1990 watershed popula- 
tion, as  presented above, could not be properly 
assessed within the context of the watershed study 
itself. Not only were the detailed census data not 
to be available until after completion of the study, 
but also i t  was recognized that the socioeconomic 
changes evidenced in the watershed were part of 
a set of complex factors at work throughout the 
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FORECAST POPULATION DENSIT IES  
IN T H E  MILWAUKEE R IVER WATERSHED BY HYDROLOGIC SUB-BASIN 

1990 

The population of the Milwaukee River watershed, estimated at about 544,000 persons in 1967, is 
forecast to reach 678,000 persons by 1990. This represents a relatively modest 25 percent in- 
crease over an approximately 25-year period. Most of the forecast population growth is expected 
to occur in the suburbanizing middle reaches of the watershed, particularly in the Mequon- 
Cedarburgarafton areas of Ozaukee County and the West Bend area of Washington County. The 
population of the in-Region portion of the Milwaukee River watershed, which has historically 
comprised from 30 to 34 percent of the total regional population, is expected to decline to ap- 
proximately 25 percent of the total regional population by 1990, reflecting regional growth trends 
which have expanded the Milwaukee urbanized area more rapidly to the west into the Fox River 
watershed than to the north into the Milwaukee River watershed. 

Source: SEWRPC. 



Southeastern Wisconsin Region and, indeed, the 
state and the nation and, hence, can only be prop- 
erly studied after more detailed comparative 
census data became available on a nation and 
statewide, a s  well as  a regionwide, basis. It i s  
significant to note , however, that sharp reductions 
in the growth rate of the population of the water- 
shed have also occurred in past decades, particu- 
larly in the 1930-1940 and 1940-1950 decades (see 
Figure 26). Such periods of relatively slow growth 
have normally been followed by periods of rapid 
growth. It is also significant to note that, if the 
urban renewal activities are  successfully com- 
pleted in the lower watershed a s  proposed and 
according to planned densities, it is likely that 
the population decline in the lower watershed 
will cease and that population levels there will 
stabilize o r  actually increase. Finally, i t  i s  

important to recognize that the overall watershed 
growth pattern in the 19601s, which, a s  noted 
above, reflected a total watershed growth rate of 
about 0.2 percent, masks a true pattern of sub- 
stantial population growth in the middle reaches 
of the watershed, combined with housing stock 
depletion and consequent population loss in the 
lower watershed. Heavy demands are  and may be 
expected to continue to be, therefore, 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. 

Changes in the characteristics of the watershed 
population are  expected to parallelclosely those of 
the regional population, as  described in SEWRPC 
Planning Report No. 7, Volume 2, Chapter III. In 
1990 there will be proportionately more older 
people (ages 65 and over) and more younger people 
(ages 34 and under) than there were in 1967. The 
average household size within the watershed is 
expected to increase from the present level of 
about 3.16 persons to approximately 3.28 persons 
by 1990 due, in part, to an increasing rate of 
household formation and, in part, to the majority 
of the population increase in the watershed occur- 
ring in the outlying areas of the watershed. 

Economic Forecasts 
Economic activity, considered chiefly in terms of 
employment and employment opportunities, is not, 
within southeastern Wisconsin, functionally linked 
to watershed patterns. Rather, the forces from 

which economic activity originates and is  sus- 
tained, as  is partly the case of the Milwaukee 
River watershed, may lie outside the watershed 
itself. The watershed, and particularly the middle 

and lower portions, may be expected to continue to 
serve as a residential "dormitory11 or 'bedroom1' 
area for many of the workers in the industrial 
complexes of the Milwaukee urbanized area. The 
watershed may also expect to continue to provide 
the location for new and expanding industrial and 
commercial enterprises seeking location on the 
periphery of the existing urbanized areas, par- 
ticularly in the lower portions of the watershed 
and in the area surrounding the City of West Bend. 
In addition, the watershed may be expected to 
continue to provide for a substantial portion of the 
Region's agricultural production, although the 
product mix will probably change a s  more inten- 
sive use is made of the remaining agricultural 
lands. As indicated in Table 37, employment 
opportunities within the watershed are  forecast to 
increase from the 1967 level of about 290,000 
to a 1990 level of about 346,000, an increase of 
19 percent. 

LAND USE DEMAND 

The requirements of approximately 678,000 resi- 
dents for dwelling space and service facilities will 
largely determine the amount and variety of each 
of the various land uses within the Milwaukee 
River watershed in 1990. If present trends were 
to continue without guidance and regulation in the 
public interest, it is probable that the approxi- 
mately 134,000 new residents which the watershed 
may be expected to gain between 1967 and 1990 
will live primarily in residential areas developed 
at medium densities. The approximately 30 per- 
cent of the new residents, however, who will live 
in residential areas developed at low densities, 
will require nearly two-thirds of the newly devel- 
oped residential land. 

An analysis of urban development within the 
watershed from 1950 to 1967 indicates that about 
64 percent of the land developed for residential 
use during this period consisted of low-density 
development, nearly 30 percent consisted of 
medium-density development, and about 6 percent 
consisted of high-density d e ~ e l o ~ m e n t . ~  Because 

2~ow-density residential development is defined as develop- 
ment having an overall average density of 0.2 to 1.7 dwelling 
units (households) per gross acre (350-3,499 persons per 
gross square mile); medium-density, as 1.8 to 4.7 dwelling 
units per gross acre (3,500-9,999 persons per gross square 
mile); and high-density, as over 4.8 dwelling units per gross 
acre (10,000-25,000 persons per gross square mile). The 
midpoints of these ranges would correspond to net lot areas 
of 35,700, 10,000, and 3,630 square jeer per dwelling unit, 
respectively. 
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higher-density development by definition contains 
proportionally more households per acre than 
lower-density development, it was found that, 
within the watershed from 1950 to 1967, less than 
28 percent of the new households resided in 
low-density areas, while 46 percent resided in 
medium-density areas and more than 26 percent 
resided in high-density areas. The high propor- 
tion of new medium- and high-density households 
in the watershed as compared to the Region as a 
whole reflects, in part, the greater predominance 
of Milwaukee County's urban growth pattern within 
the watershed than within the Region. It also 
reflects, to some extent, the recent historic trend 
in the Milwaukee area of the expansion of urban 
sprawl westward to a greater degree than north- 
ward. The analysis further indicates that, for  
the Region as a whole, 98 percent of the popula- 
tion reside in households and that the average 
household size in 1960 was 3.30 persons. The 
remaining 2 percent of the population reside in 
group quarters, such as dormitories and boarding 
houses, o r  are  inmates of institutions. 

For land use demand forecast purposes, there- 
fore, i t  was assumed that 98 percent of the popu- 
lation increase in the watershed from 1967 to 1990 
would reside in households with an average house- 
hold size of 3.28 persons. It was further assumed 
that, if existing trends (1950-1967) continue, 
approximately 28 percent of the new households 
within the watershed would reside in low-density 
residential areas; that 46 percent would reside in 
medium-density residential areas; and that 26 
percent would reside in high-density residential 
areas. Commercial, industrial, and governmental 
and institutional land uses were forecast using the 

land use-to-population ratios established in the 
regional forecast of 6.3 commercial acres, 4.9 
industrial acres, and 8.8 governmental and insti- 
tutional acres per 1,000 additional persons. 
Transportation and utility land uses were forecast 
to increase in direct proportion to increases in 
residential, commercial, industrial, and govern- 
mental and institutional land uses. This increase 
in the transportation and utility land use category 
was forecast a s  equaling one-third of the in- 
creases in other categories. Recreational land 
use demand was forecast using a land use-to- 
population ratio of 14 acres per 1,000 additional 
persons. Future agricultural and water, wood- 
land, and wetland demand was not forecast since 
these uses within the watershed generally provide 
the area for expansion of the other land uses. 

EXIST ING 1 9 6 7  

Based upon the foregoing assumptions and the 
population forecast for the watershed, the 1990 
demand within the watershed for the major land 
use categories was forecast as shown in Table 38. 
Comparison with existing land use data indicates 
that the continuation of present residential land 
development trends within the watershed may be 
expected to result in an increase in residential 
land use from over 42 square miles in 1967 to 
nearly 60 square miles in 1990, an increase of 
about 42 percent. All other urban land uses may 
be expected to increase from a total of nearly 60 
square miles in 1967 to over 73 square miles in 
1990, or  by about 23 percent. This total demand 
for urban land will have to be satisfied primarily 
through the conversion to urban use of existing 
agricultural lands, woodlands, and unused lands, 
which may be expected to decline collectively by 
about 31 square miles, or approximately 6 percent. 

NUMBER 

2 8 9 s 9 0 0  
285 ,835  

4 8 0 6 5  

6 7 5 r 5 0 0  

PERCENT 
OF REGION 

-- 
42.3 -- 

100.0 

IkCREHENT 1967 -1990  

NLMBER 

56120C 
559 7 6 5  

4 3 5 

3 C 8 r 5 0 0  

TOTAL 1 9 9 0  

PERCENT 
CHANGE 

19.4 
19.5 
10.7 

4 5 0 7  

NUMBER 

346s 1 0 0  
3 4 1 1 6 0 0  

4s 5 0 0  

9 8 4  r 0 0 0  

PERCENT 
OF REGION 

-- 
3 4 0 7  -- 

100.0 



TABLE 3 8  

FCRECPST LAND U S E  CFPAND I \  TI-J- MILWAUKtF 2 I V E R  kATkRSHED 

a E S T ~ P ~ T ~ ~  FROM 1967  LANC USE INVENTORY INFCRPATIChr 

b h ~  INCRECENT WAS FCRECAST FOR THE MINING LANC USE CATEGORY DUE I N  PART TO A 
LACK CF CETAILEC INFORMATION ON FISTCRIC PINING LAND LSE ACTIVITY AhC I N  PART 
TC AN ASSUMPTION T l - A T  THE TOTAL APOUhT OF LAhfl DEVOTEE TC C I h I h G  ACTIV IT IES  
h I L L  SUBSTANTIALLY REPAIN Tl-E S A M E  OVER T I t E ,  ALTHCUGl- THE SPATIAL LCCATION OF 
SUCb ACT I V  I T  I E S  WCULC BE ALTERED. 
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SUMMARY 

It is estimated that the population of the Milwau- 
kee River watershed may be expected to increase 
from the 1967 level of about 544,000 persons to 
about 678,000 persons by 1990, an increase of 
about 25 percent over the 23-year period. The 
level of economic activity, measured at about 
290,000 jobs in 1967, may be expected to increase 
to about 346,000 jobs by 1990, an increase of 
19 percent. It is also anticipated that the popula- 
tion of the watershed will share in the increased 

levels of income, educational achievement, and 
leisure, as will the Region in general. 

If present trends in urban development within the 
watershed are projected to 1990, residential land 
use may be expected to increase by nearly 42 per- 
cent and supporting urban land uses by over 
23 percent. In turn, the expansion of urban devel- 
opment within the watershed under forecast con- 
ditions would require the conversion of nearly 
31 square miles, or  over 6 percent of the existing 
open land resources of the watershed. 



Chapter VIII 

FLOOD CHARACTERISTICS AND DAMAGE 

INTRODUCTION 

Flooding of the perennial stream system of the 
Milwaukee River watershed is a common occur- 
rence, with at least nuisance levels of inundation 
to be expected almost annually from spring snow- 
melt and less frequently from summer thunder- 
storms. Flood damage from these events has 
been, to a large extent, an unnecessary conse- 
quence resulting from failure to recognize and 
understand the proper relationships which should 
exist between the use of land and the behavior of 
the r iver system. The unnecessary occupancy of 
the natural floodplains of the watershed by flood 
vulnerable land uses, together with development- 
induced changes in the hydrologic regimen of the 
watershed, has increased flood risks to substan- 
tial proportions. Comprehensive watershed plan- 
ning is the f irst  step in achieving o r  restoring 
a balance between the use of land and the hydro- 
logic regimen in the riverine areas of the water- 
shed. To ensure that future flood damage will be 
held to a minimum, plans for the proper utiliza- 
tion of the riverine areas of the watershed must 
be developed which, through public acquisition, 
land use controls, and river engineering, can be 
used to direct properly new development into 
a pattern which is compatible with the demands of 
the r iver system on i t s  floodplains and to seek 
a mutual adjustment o r  balance between develop- 
ment and flood needs. 

Flood-damage potential and flood risk have grown 
from a nuisance level during predominantly agri - 
cultural occupation of the watershed to substan- 
tial proportions as  urban land use has increased. 
Practically all of the present flood risk can be 
ascribed to unnecessary residential occupation of 
the river floodplain-unnecessary since adequate 
alternative locations are  available for residential 
use. Nevertheless, such residential occupation ,of 
the floodplain i s  continuing to increase a s  urban 
development proceeds within the watershed. Most 
of the floodplain, however, i s  as  yet unoccupied 
by flood-vulnerable uses; and the opportunity still 
exists for limiting flood risk by means of sound 
land use planning and control. 

HYDROLOGIC CHARACTERISTICS OF FLOODS 

Historic Floods 
The Milwaukee River has experienced flood stages1 
at Estabrook Park in Milwaukee County during 
25 of the 54-year period of stream gaging records 
extending from 1915 through 1968. Two floods 
of moderate severity (10 -year recurrence inter- 
val) occurred in 1959 and 1960, with the 1960 
flood being slightly larger. The major floods of 
1918 and 1924 were each nearly as severe a s  
a 100-year recurrence interval event, both having 
a recurrence interval of about 77 years at the 
Estabrook Park stream gaging station in the City 
of Milwaukee. 

Long-term residents of the watershed interviewed 
during the historic flood damage inventory con- 
ducted as  a part of the watershed study recalled 
that the flood event of 1918, like the events of 
1959 and 1960, was a typical spring flood which 
originated from a combination of snowmelt and 
rainfall, but that the 1924 flood event was gen- 
erated entirely by an unusual summer rainfall. 
The severe rainstorm that produced the 1924 flood 
centered over the City of West Bend in Washing- 
ton County, where a total of 9.31 inches of rain- 
fall was recorded in a four-day period, of which 
7.58 inches fell in a 24-hour period. Map 29, an 
isohyetal map of this storm, shows the rainfall 
pattern which occurred over the watershed and 
further indicates that the rainfall over the water- 
shed averaged about eight inches. A discharge of 
15,100 cfs (cubic feet per second), equivalent to 
a runoff of 3.85 inches over the tributary water- 
shed area,  was recorded by the U. S. Geological 
Survey at  the Milwaukee River gaging station 
at  Milwaukee. Although the flood was not gaged 
at West Bend, reports indicate a larger unit 
flood occurred in the upstream tributary areas. 

1 Flood stage is herein defined as the water surface ele- 
vation that accompanies a discharge exceeding 5,000 cubic 
feet per second at Estabrook Park in Milwaukee County, the 
stage at which the river overtops its banks and leaves its 
channel to occupy its floodplain. 



The 1918 and 1924 floods were the most severe and damaging 
floods on the Milwaukee River in the living memory of the resi- 
dents of the watershed. Historic newspaper accounts make refer- 
ence to an even greater flood in 1881, but no definitive data can be 
assembled for that flood. The accompanying photos illustrate the 
severity of the damages caused by the 1924 flood to highway and 
railway bridges and facilities in the West Bend area of the water- 
shed. 

Photos Courtesy of The West Bend News 



Although, as  already noted, the resulting flood 
that occurred at Milwaukee was slightly less 
severe than the estimated 100-year recurrence 
interval event (77-year recurrence interval), the 
pattern and amount of rainfall indicate that the 
flood at upstream points, such a s  West Bend, may 
have equaled o r  exceeded the 100-year recurrence 
interval event. 

The combination of climatological events which 
caused the 1960 flood was also unusual. Measure- 
ments of the snow cover at the U. S. Weather 
Bureau Station in Milwaukee indicate that the depth 
of snow on the ground immediately prior to the 
flood was 24 inches, equivalent to 2.8 inches of 
water. Temperatures, after having been below 

normal for most of the month, began to r ise on 
March 27 and reached a high of 6 2 ' ~  on March 29. 
Starting in the evening of the 29th, rain fell inter- 
mittently for a period of about 24 hours. An iso- 
hyetal map of this storm is shown on Map 30 and 
indicates that the average depth of rainfall over 
the watershed during this 24-hour period was 
1.2 inches. These two events combined to produce 
a peak flood flow of 9,300 cfs at the U. S. Geo- 
logical Survey gaging station at Milwaukee, equi- 
valent to a runoff of 2.39 inches over the tributary 
watershed area, and a discharge of 3,600 cfs at  
Cedarburg, equivalent to a runoff of 2.53 inches 
over the tributary watershed area. Figures 27 and 
28 show the hydrographs of the 1960 flood at Mil- 
waukee and Cedarburg. 

Figure 27 
HYDROGRAPH OF THE MARCH - APRIL  1960 FLOOD 

MILWAUKEE RIVER AT MILWAUKEE 
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Source: Harza Engineering Company. 



Figure 28 
HYDROGRAPH OF THE MARCH -APRIL 1960 FLOOD 

CEDAR CREEK NEAR CEDARBURG 
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Source: Harza Engineering Company. 

Seasonal Nature of Floods 
The record of river discharge obtained since 
1915 at Milwaukee by the U. S. Geological Survey 
shows that most floods on the Milwaukee River in 
the last 54 years have occurred during the late 
winter o r  early spring. The date of occurrence of 
54 annual flood peaks between 1915 and 1968 i s  
shown in Figure 29. During the 54 years, 32 of 
the yearly peaks, including five of the six high- 
est  recorded, have occurred in March o r  April. 
In 1938 the highest discharge during the year 
occurred on February 15. Although severe floods 
are  unusual in February, i t  is not uncommon for 
sudden thaws to occur at this time of the year and 
produce minor floods. 

The record of discharge obtained since 1931 at  
Cedarburg by the U. S. Geological Survey shows 
that most floods on Cedar Creek in the last 

38 years have also occurred during the late 
winter o r  early spring. The date of occurrence of 
38 annual flood peaks between 1931 and 1968 i s  
shown in Figure 30. During the 38 years, 27 of the 
yearly peaks, including seven of the eight highest 
recorded, have occurred in March o r  April. 

The probability of heavy rainfall within the water- 
shed i s  much greater in the summer months than 
at any other time of the year. In spite of this 
greater rainfall potential, summer floods within 
the watershed have been much less frequent than 
spring floods, with the August 1924 flood being 
the only major summer flood event in the 54 years 
of record. Several factors contribute to this dis- 
tribution of major flood events during the 54-year 
period of streamflow recorded at Milwaukee. 
Summer floods generally result from the rapid 
rate of runoff that accompanies high-intensity 
rainstorms. The hydraulic characteristics of the 
watershed above Milwaukee, however, are  such 
that intensive rainfall will not usually produce 
peak flood flows on the Milwaukee River. This 
i s  due to the large amount of natural floodwater 
storage existing above Milwaukee which i s  nor- 
mally available to suppress the effect of intensive 
rainfall and rapid runoff to the extent that high 
peak flows are not generated. Such suppression 
requires that the natural storage in lakes and wet- 
lands be available due to normal seasonally low 
water levels in these natural reservoirs. The 
August 1924 rainfall was so heavy and intense that 
the natural storage was filled, and a large com- 
ponent of rainfall excess ran off. The probability 
of severe summer floods, therefore, does exist 
on the Milwaukee River, although spring floods 
a re  far  more frequent. 

HISTORIC FLOOD DAMAGE SURVEYS 

Although the streams within the Milwaukee River 
watershed have since time immemorial periodi- 
cally occupied their floodplains, no flood problem 
existed within the watershed until flood-vulnerable 
development was allowed to intrude into the natu- 
ral  floodplains. This unwise land use development 
has generated a demand from the flood-vulnerable 
property owners for relief from periodic damages 
through the construction of flood control works. In 
order to determine what type of relief i s  required, 
where this relief should be applied, and whether 
o r  not the provision of this relief i s  economically 
sound, the conduct of a historic flood damage 
survey i s  necessitated. Such a survey serves to 
determine the exact nature of the flood problem 



Figure 29 
SEASONAL DISTRIBUTION OF ANNUAL PEAK DISCHARGE OCCURRENCES 

MILWAUKEE RIVER AT MILWAUKEE 
1915-1968 

Figure 30 

SEASONAL DISTRIBUTION OF ANNUAL PEAK DISCHARGE OCCURRENCES 
CEDAR CREEK NEAR CEDARBURG 

1931 -1968 

Source: Harza Engineering Company. 



and to assess the annual monetary risk of flood 
damage under present land use, hydrologic, and 
hydraulic conditions and provides the basis for 
forecasting such risks under alternative future 
land use and water control facility development 
conditions within the watershed. 

Wisconsin State Planning Board 
Several historic flood damage surveys have been 
carried out within the Milwaukee River watershed. 
The first  major flood damage survey was carried 
out in 1938 as  a part of the U. S. Department of 
Commerce, Works Project Administration (WPA) 
project, sponsored by the Wisconsin Public Ser- 
vice Commission. It incorporated the findings of 
several preceding minor studies carried out pur- 
suant to the state Flood Control Enabling Act of 
1931. The WPA survey covered the flood damages 
which had occurred in the flood of 1924 along the 
main stem of the Milwaukee River from the City of 
Milwaukee through the Village of Saukville. The 
results of the survey were documented in areport2 
published in 1940 which, while describing the areas 
and buildings along the Milwaukee River inundated 
by the 1924 flood, does not present any information 
on the actual monetary damages incurred. The 
purposes of the project included determination of 
the principal facts concerning flood conditions on 
the Milwaukee River; collection of data on his- 
toric flood stages and building inundation and on 
the probability of future floods; exploration of 
alternative means of flood control and abate- 
ment; and estimation of the cost of flood con- 
trol works. The two major alternative means of 
flood control explored were the construction of 
a single-purpose floodwater detention reservoir 
at a site at the junction of the North Branch and 
the main stem of the Milwaukee River near Wau- 
beka and the construction of a flood-flow diversion 
facility. The latter consisted of two subalter- 
natives: the f irst ,  a 6,000-foot long flood-flow 
diversion tunnel to Lake Michigan from a point 
on the Milwaukee River near the center of Sec- 
tion 18, Town 9 North, Range 22 East, in the City 
of Mequon, and the second, a 10,500-foot long 
open floodwater diversion channel to Lake Michi- 
gan from Duck Lake, a point on the Milwaukee 
River in the City of Mequon about three-fourths 
of a mile south of the proposed tunnel location. 

Although the WPA project report does not present 
a reach-by-reach discussion of historic flood 
damages for the river system, i t  does generally 
identify the problem reaches of the r iver by des- 
cribing the location of the most serious flood 
problems as they existed at that time: 

Probably the most insistent present 
demand for the control o r  diminution of 
floods on the Milwaukee River comes 
from people who are  interested in occupy- 
ing lands within the flood plain of the 
r iver within areas located a s  follows: 
(1) that portion of the flood plain in Mil- 
waukee County lying north of Lincoln 
Park and along Lincoln Creek, (2) in 
Ozaukee County, in the low-lying lands 
along the river in the f irst  six tiers of 
sections north of the Milwaukee County 
line, (3) in the village of Thiensville, 
(4) in the village of Saukville and low- 
lying lands in the vicinity extending along 
the river to a point about 2 1/2 miles 
north of Saukville, and (5) the village of 
Waubeka. This i s  the territory which 
suffers most from floods. Considerable 
portions of the lands described, outside 
the three villages named, are  platted for  
residential purposes. There are  summer 
cottages along the r iver which would be 
occupied the year around were i t  not for 
the probability of flooding during the 
spring. As i t  i s ,  the occupants move out 
during the winter, taking such precau- 
tions as  a r e  necessary to protect the fur- 
nishings from high water when i t  comes, 
and return after the spring floods sub- 
side. The farmers along that portion of 
the river below Waubeka are  not greatly 
harmed by floods, unless they come 
during the season when there are  crops 
to be damaged. A large portion of these 
lands is in "wild pasture" which is bene- 
fited by the sediment deposited by floods. 
Floods damage crops only during the 
growing season; most of the Milwaukee 
River floods have occurred in the early 
part of the year, before spring ~ l a n t i n g . ~  

3 ~ e e  m e  Milwaukee River Basin, Wisconsin State Planning 
Board Bulletin No. 10. Chavter IL "Present Demand for 

2The Milwaukee River Basin, Wisconsin State Planning Flood Control-Statement of Extent of Flooding," p. 6, June 
Board Bulletin No. 10, June 1940. 1940. 



The report describes in very general terms the 
flood problems in that reach of the MiIwaukee 
River extending from the Waubeka reservoir site 
downstream to Lincoln Park in the City of Mil- 
waukee, describes in some detail the channel 
improvements made by the City of Milwaukee in 
the Lincoln Park area of the Milwaukee River 
in 1935, and describes the manner in which the 
Estabrook Park Dam regulates flood flows. The 
project collected enough high water mark data to 
permit delineation of the historic floodplain of the 
Milwaukee River, as  defined by the outer limits 
of the area subject to inundation by the 1924 flood 
in the Lincoln Creek area of the Milwaukee River, 
the Kletzsch Park area of the Milwaukee River 
(see Map 38), and a reach of the Milwaukee River 
in Ozaukee County (see Map 39). The 1940 report 
indicates that a total of 296 buildings located in 
the floodplain could be expected to experience 
first-floor inundation along that reach of the Mil- 
waukee River extending from Lincoln Park to 
Kletzsch Park if a flood of the magnitude of the 
1924 flood were to reoccur under 1940 develop- 
ment conditions. The stage of the 1924 flood was 
approximately the same as the stage of a 100-year 
recurrence interval flood, with the stage differen- 
tial between the 1924 flood, which had a 77-year 
recurrence interval, and a 100-year recurrence 
interval flood at the Ozaukee County line on the 
main stem of the Milwaukee River, being less 
than 0.5 foot. The report also identifies channel 
sections subject to ice jams and concomitant 
floodwater backup in the reach of the Milwaukee 
River extending from Silver Spring Drive to Good 
Hope Road. 

The fact that no flood inundation of any buildings 
was found to occur in that reach of the Milwaukee 
River extending from the Kletzsch Park Dam to 
the Ozaukee County line was due to the fact that 
all of the buildings then existing along this reach 
were located on high ground, well above the 
stage of the 100-year recurrence interval flood. 
Very little flood inundation of buildings was found 
to occur along the res t  of the main stem of 
the Milwaukee River surveyed, from the Ozaukee 
County line up to Waubeka, due to the fact that 
very little development existed on the flood- 
plain at that time, with the exception of the 
Thiensville area (see Map 39). The report pre- 
sents a table, reproduced herein as  Table 39, 
listing 417 platted lots located in Ozaukee County 
outside the Villages of Saukville, Thiensville, and 
Waubeka as  subject to flooding. No specific costs 
for  flood damages were, however, reported for 

these lots, although the information regarding high 
water marks in the area was gained by personal 
interview of residents within the locality at the 
time of the flood. Even though the report does not 
indicate any monetary flood damages of these 
417 platted lots, i t  does indicate 169 of the lots 
were occupied by buildings of some kind. The 
report also presents a table of historic maximum 
flood discharges, reproduced herein as  Table 40. 
This table indicates that the discharge of a flood 
on the Milwaukee River at Estabrook Park likely 
to be equaled o r  exceeded once in 100 years was 
16,000 cfs. 

The report attempted to make public officials and 
citizen leaders aware that the flood problem of 
the r iver could be expected to intensify if develop- 
ment of the floodplains of the Milwaukee River 
was allowed to continue. That this warning was 
ignored is indicated by the fact that, in those 
reaches of the river covered by the 1938 survey, 
the number of buildings subject to inundation 
increased from about 380 in 1938 to over 1,200 in 
1968. The report i s  an invaluable historic record 
in that i t  maps the areas along lower reaches of 
the Milwaukee River which were actually inundated 
by the 1924 flood and provides evidence that devel- 
opment of the floodplain was allowed to continue 
even after this particular report was published. 

To aid the reader in visualizing the extent of 
flooding, historic flood inundation maps, where 
available, have been included as part of this 
chapter. Maps 38 and 39 were obtained from The 
Milwaukee River Basin, Wisconsin State Planning 
Board Bulletin No. 10, which was published in 
June 1940. These maps indicate the extent of the 
area  flooded in 1924 and also the extent of devel- 
opment in the floodplain in 1936. As noted above, 
substantial development has continued to occur 
within the floodlands of the Milwaukee River since 
publication of this report in 1940. The principal 
characteristics of the potential flood damages a re  
described in this chapter by river reach, as  shown 
on Map 40. 

First  U. S. Armv Corm of Engineers 
Survey Report-1942 
In 1942 the U. S. Army Corps of Engineers sub- 
mitted a preliminary examination report for flood 
control of the Milwaukee River. This report was 
authorized pursuant to the provisions of Sec- 
tion 4 of the Flood Control Act of 1941, under 
Public Law 228 passed during the f irst  session of 
the 77th Congress. The report, utilizing available 



FLOOD INUNDATION MAP KLETZSCH PARK DAM TO THE OZAUKEE COUNTY LINE 
1924 FLOOD (SOUTHERN SECTION) 



Map 38 (Continued) 
FLOOD INUNDATION MAP KLETZSCH PARK DAM TO T H E  OZAUKEE COUNTY LINE 

1924 FLOOD (INTERMEDIATE SECTION) 



Map 38 (Continued) 

FLOOD INUNDATION MAP KLETZSCH PARK DAM TO THE OZAUKEE COUNTY LINE 
1924 FLOOD (NORTHERN SECTION) 

weir: ELEVATIONS &RE ON MILWAUKEE DaTYM. TO OBTAIN MEAN SEA LEVEL ADD 580.6 F E E r  

Very little urban development existed in the natural floodplains of the Mil- 
waukee River from the Kletzsch Park Dam north to the Ozaukee County line 
in 1936. Therefore, it can be reasonably assumed that even less such de- 
velopment existed at the time of the 1924 flood. The historic map reproduced 

above shows the extent of the areas inundated by the 1924 flood superimposed 
upon 1936 land use conditions. The 1924 flood was one of the major floods 
within the watershed and had a recurrence interval of about 77 years, only 
slightly less than the 100-year recurrence interval flood recommended for 
use today in floodplain regulation. 

Source: WisconsinSlafe Planning Board, Bullelin No. 10, June 1980. 



Map 38 
FLOOD INUNDATION MAP OZAUKEE COUNTY LINE TO WAUBEKA 

1924 FLOOD 



Map 39 (Continued) 
FLOOD INUNDATION MAP OZAUKEE COUNTY LINE TO WAUBEKA 

1924 FLOOD 

HIGH WATER 

GRAPHIC =ALE 

0 Z W O  4000 MXlO (1000 -FEET 



Map 39 (Cont inued)  

F L O O D  INUNDATION M A P  O Z A U K E E  C O U N T Y  LINE TO W A U B E K A  
1 9 2 4  F L O O D  

The extent of the area flooded in 1924 along the Milwaukee River from the Ozaukee County line north to the unincorporated 
Village of Waubeka is shown on this historic map, along with land use development conditions in 1936. With the exception of 
the Village of Thiensville, very little urban development existed on the natural floodplains of the River in this reach. 
There were, however, well over 400 platted lots located along the River in 1936, many of which contained summer cottages. 
Despite repeated flooding, these natural floodplains have since been intensely developed with permanent urban land uses, 
particularly in the Mequon and Saukville areas of this reach. 

Source: Wisconsin State Planning Board, Bulletin No. 10, June'1940. 
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secondary information on historic flood damages, 
concluded that flood control improvements were 
not economically justified under the development 
conditions existing at  the time. No new flood 
damage survey was carried out for the report. 
The report was not distributed to the public, but 
was prepared for internal use by the U. S. Army 
Corps of Engineers only. A copy of the report 
i s  on file in the Chicago District Office of the 
U. S. Army Corps of Engineers. 
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Lieberman-Unger Survey 
After the March-April 1960 flood on the Milwaukee 
River, two families living along the r iver in the 
Village of Brown Deer-the Jerome S. Lieberman 
and the Irvin W. Unger families-undertook, a s  
a private effort, a flood damage survey along that 
reach of the Milwaukee River extending from the 
Village of Saukville through the City of Glendale, 
inclusive of both municipalities. The purpose of 
the survey was to identify the monetary flood 
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-- 
-- 
-- 
-- 
-- 
-- 
- - 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
- - 
-- 
105 

BAhK 
BLCCS. 

2 2 - - 
15 -- 
19 - - 
5 - - 
3 - - 
1 - - 

-- 
- - 
-- 
- - 
-- 
- - 
- - 
2 -- 

- - 
- - 
- - 
-- 
-- 
- - 
- - 

6 7 

HANK 
B L C G S -  

1 
6 

3 2 - - 
2 4 -- 

9 - - 
5 -- 
2 - - 

- - 
- - 
-- 
2 - - 

1 1  -- 
1 
2 
5 
2 - - 

-- 
-- 
-- 
- - 

- 

102 

ELEVATIGh 

H IGH 
S. LINE 

053 
6 5 5 
05E -- 
C63 -- 
663 -- 
665 -- 
0 6 R -- 
68 1 
710 -- 
740 -- 
747 - - 
-- 
7 5  3 
755 
759 
763 
766 
772 
777 
784 

WATER PARK 
N. LINE 

0 5 5 
6 58 
663 -- 
6 6 3 - - 
t 6 5  -- 
668 - - 
081 -- 
7 10 
740 -- 
747 -- 
752 -- 
-- 
755 
759 
763 
766 
7 72 
777 
7 84 
193 



TABLE  40 

ARRAY OF ANNUAL SPRING AND SUMMER FLOOD EVENTS 
T b E  MILWAUKEE R I V E R  AT MILWAUKEE 

MAXIMUM OBSERVED R A T E  OF DISCHARGE DURING EACH Y E A R O  

( I N  T b E  DESCENDING ORDER OF MAXIMUP D ISCHARGE)  

OTPE FCSTER METHOD OF C E T E R Y I N I N G  PROBABLE FLCOD F R E Q U E h C I E S  ANC I N T E N S I T I E S  
A P P L I E D  TO THE R E V I S E D  MILWAUKEE R I V E R  DATA I N  TABLE  40 (PEARSON CURVE, TYPE 
111, C O E F F I C I E N T  O F  V A R I A T I O N  0.645, C O E F F I C I E N T  CF SKEW, 1-8.1 I N D I C A T E S  
T k A T  THE EST IMATED MAGNITUGE OF ANNUAL SPRING FLOCD L I K E L Y  TC BE EQUALLED OR 
EXCEECED ONCE I N  1 C C  YEARS I S  16,CCO C F S - 9  OhCE I h  50 YEARS, 14,000 CFS* ,  
CNCE I N  25 YEARS, l l r7CO CFS* ,  AND ONCE I N  1 C  YEARS, 91000 C F S *  T H t S E  RESULTS 
SEEM A L I T T L E  LON, RUT TFEY  ARE A USEFUL GUIDE ,  BASED CN SOMETHING BETTER 
T k A N  GUESSWORK, AS  TO WHAT FREQUENCIES AND I h T E N S I T I E S  MAY B E  EXPECTED I h  T H E -  
FUTURE-  I T  MAY B E  THAT THE 15,100 C F S *  MAXICLM DISCHARGE CBSERVED I N  MARCH 
1918 W I L L  NOT OCCUR A G A I N  ON T H I S  WATERSHEO FOR A P E R I O D  VUCH GREATER THAN 
25 YEARS- ON THE OTHER HAND, THERE I S  NO GbARANTEE THAT DISCHARGES EVE& 
GREATER ThAN THE OBSERVEG MAXIMUM OF 15rlOC CFS, h I L L ' h C T  CCCUR WUCH SCOhER* 

SCURCE- THE MILWAUKEE R I V E R  B A S I N ,  WISCONSIN  STATE P L A N N I N G  BOARD B U L L E T I N  
NO- 10, JUNE 1940, PAGE 21. 

NO, FLOODS 
AS  GREAT 

OR GREATER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
1 3  
14  
15 
16 
17 
18  
1 9  
20 
2 1 
2 2 
2 3 
2 4 
2 5 

S P R I N G  FLOODS 

CAT E 

MARCH 209 1918 
MARCH 15,  1929 
A P R I L  7 ,  1923 
FEBRUARY 15, 1938 
FEBRUARY 211 1937 
A P R I L  2, 1933 
FEBRUARY 24, 1915 
MbRCH 26, 1920 
MPRCh 17-18, 1919 
MARCH 25, 1917 
MARCH 14-15, 1928 
MARCH 29, 1924 
MARCH 259 1926 
FEBRUARY 24, 1922 
MARCH 29, 1916 
FEBRUARY 26, 1930 
MARCH 13, 1927 
MPRCH 17,  1935 
FEBRUARY 11, 1925 
MARCH 24, 1936 
MARCH 26, 1939 
A P R I L  4-59 1934 
JANUARY 14, 1932 
MbRCH 17G20, 1921 
MARCH 2, 1931 

SUPMER FLOOCS 

DATE 

AUGUST 6, 1924 
SEPTEMBER 18 ,  1938 
JUhE  17 ,  1920 
A P R I L  23,  26, 27 ,  1921 
A P R I L  22,  1937 
PAY 29, 1915 
MAY 20,  1933 
A P R I L  12,  1922 
A P R I L  24, 1925 
A P R I L  20 G JUNE 9-10, 1916 
MAY 3 ,  1930 
A P R I L  28s 1929 
A P R I L  21, 1927 
MAY 1, 1917 
NOVEMBER 24 ,  1931  
MAY 27, 1926 
MAY 41 1919 
A P R I L  14, 1935 
NOV- 30 & DEC. 1 ,  1934 
J U k E  22, 1914 
A P R I L  19-20, 1939 
A P R I L  1 9 - M A Y  19 ,  1928 
MAY 229 1918 
J L k E  19 ,  1923 
MAY 7, 1936 
MAY 23, 1932 

MEAN F I G H  
D A I L Y  

DISCHARGE 
(CFS .  I 

151100; 
101800 

7, 950b 
7, 360b 
6,  360 
6,060 
5931C 
5,160 
57 160 
5,160 
41 940 
416CO 
41 540 
4, 150 
49 130 
3,970 
37 740 
3,300 
31 160 
2,880 
21 180 
2,070 
1 ,210  
ltCC0 

598 

PEAN H I G H  
D A I L Y  

G ISCHARGE 
( CFS*  1 

1 4 , 7 0 0 ~  
6 9 220 
5,630 
41 150 
3 1 580 
3 r 570 
3,550 
2,960 
2 9 790 
2r500  
2,380 
29290 
2r  160 
21 140 
2,020 
1 ,910  
1,800 
1,710 
1,570 
1 r 560 
1 r 540 
1 430 
1.220 
1,160 

93  1 
695 



MAJOR FLOOD DAMAGE REACHES 
IN THE MILWAUKEE RIVER WATERSHED 
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@ REACH NUMBER 
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The extended width of the normal floodplain of the Milwaukee 
River in certain reaches is illustrated by this photo taken of the 
1960 flood just south of Highland Road in the City of Mequon. The 
channel of the Milwaukee River is in the foreground, clogged with 
ice. The homes along the River are completely surrounded by 
flOOd~aterS, with several homes in this reach experiencing first- 
floor inundation. Unwise, improper flwdland development such as 
this inevitably results in pleas for public officials to "do some- 
thing about it." 

Photo courtesy of The Milwaukee Journal 

damages incurred by residents of this reach of the 
river during the spring floods of 1959 and 1960. 
Through personal interviews, the survey deter- 
mined that 154 residences, commercial establish- 
ments, and public properties were damaged either 
by the 1959 o r  the 1960 flood, o r  by both; and the 
total monetary damages incurred in the two floods 
were estimated at $345,300, expressed in 1960 
dollars. Of the six communities surveyed the 
City of Glendale was reported to have experi- 
enced approximately $40,200 worth of damages 
to 40 privately owned properties; the Village 
of Thiensville, approximately $33,400 worth of 
damages to 15 privately owned properties; the 
Village of Grafton, approximately $13,100 worth 
of damages to 15 privately owned properties; the 
Village of Brown Deer, approximately $73,500 
worth of damages to six privately owned proper- 
ties; the Village of Saukville and the Town of 
Saukville, together approximately $63,100 worth 
of damages to privately and publicly owned prop- 
ert ies;  and the City of Mequon, over $122,000 to 
78 privately owned properties. 

The survey apparently was undertaken to make 
public officials and interested citizens gener- 
ally aware of the existing flood problem; to 
identify flood-vulnerable areas; and to illus- 
trate, by means of the estimated monetary flood 
damages incurred, just how severe the flood 
problem actually was in the area surveyed. The 
Lieberman-Unger survey is documented in an 
unpublished memorandum entitled, "Flood on the 
Milwaukee River" and dated March-April 1960, 
a copy of which i s  on file in the Commission 
offices. The report provides an important and 

invaluable source of historic flood damage data 
for the reaches of the Milwaukee River covered. 
The survey was made at a time (fall of 1960) when 
the extent and cost of the flood damages resulting 
from the 1959 and 1960 spring floods were still 
fresh in the minds of those residents of the river- 
ine areas unfortunate enough to be damaged by 
these two floods. It is also apparent from the 
report that the residents of the floodplain were 
very willing to discuss the nature and estimate the 
cost of the flood damages incurred at that time, an 
attitude which, a s  indicated later in this report, 
has changed so that the residents of the floodplain 
are now very reluctant to discuss the historic 
flood damages, probably in fear that such infor- 
mation will lower the value of their properties. 

Soil Conservation Service Report 
The U. S. Department of Agriculture, Soil Con- 
servation Service (SCS), in February of 1961, 
issued a flood control report for the Milwaukee 
River watershed? The purpose of the report was 
to review and dispose of an application for plan- 
ning assistance to the State Soil Conservation 
Committee filed under Public Law 566 by the 
Honorable Gaylord A. Nelson, then Governor of 
Wisconsin. The report concluded that small flood- 
water retarding structures would not provide 
a satisfactory level of protection in the main flood 
damage areas; that diversion channels could be 
designed to provide such protection; that careful 
land use planning implemented through zoning 
would be necessary to prevent further unwise 

4 U. S. Deoortment o f  Anrinrlture, Soil Conservation Serr  
ice, ~ e ~ o i  for ~ l o o d  ~ o i t r o l  in the Milwaukee River Wa- 
t_ershed, February 1961. 



development in the floodplains ; and that, inasmuch 
as  the principal damages were of an urban nature, 
any further study of the flood problems should be 
made by the U. S. Army Corps of Engineers, with 
due consideration being given to possible contri- 
butions to flood control by Public Law 566 small 
flood control works. No new flood damage surveys 
were made by the Soil Conservation Service for 
this report, all analyses and conclusions being 
based upon available secondary data. 

Second U. S. Army Corps of Engineers 
Survey Report-1964 
As a direct result of the findings of the Lie- 
berman-Unger Survey, the U. S. Army Corps of 
Engineers in 1964 undertook a new fleod damage 
investigation of the Milwaukee River watershed. 
This investigation was undertaken a s  a part of a 
flood control study of the Milwaukee River water- 
shed authorized in 1958 pursuant to the provi- 
sions of Section 205 of the Flood Control Act of 
1950, Title 11 Public Law 516-81st Congress. The 
resulting report5 i s  the most complete report 
issued to date on the flood problems of the Mil- 
waukee River watershed and potential solutions to 
those problems. The field investigations carried 
out under the study included a reconnaisance of 
the area by the District Engineer; subsurface 
explorations to determine soil and bedrock char- 
acteristics along the route of a possible diversion 
channel; engineering surveys to establish hori- 
zontal and vertical survey control in the water- 
shed and to obtain cross sections of the existing 
riverbed and a profile along the route of a possible 
diversion channel; and a historic flood damage 
survey to determine the extent and magnitude of 
the flood damages. 

The historic flood damage survey included the 
Menomonee and Kinnickinnic River watersheds, 
as well as  the Milwaukee River watershed, as  
defined in this report. The Corps report indi- 
cates that the most persistent demand for the 
control of floods on the Milwaukee River comes 
from property owners occupying o r  interested in 
occupying floodplain lands located along the r iver 
downstream from the Village of Saukville. Above 
Saukville flood damages are  generally confined to 
agricultural uses, although a number of summer 
cottages along the Milwaukee River might be con- 
verted to permanent residences if the flood hazard 
were reduced. 

The flood damage survey and the flood control 
measures considered were limited to that area 
along the Milwaukee River below Saukville, indi- 
cating that the flood problem above Saukville was 
not considered of sufficient importance to warrant 
investigation. The survey attempted to collect 
flood damage data not only for the spring floods of 
1959 and 1960, but also for the summer flood of 
1924. The data collected indicated that a recur- 
rence of the 1924 flood in 1964 would have damaged 
621 homes and 8 1 commercial structures, while 
a recurrence of the 1959 flood would damage 
173 homes and 19 commercial structures and 
a recurrence of the 1960 flood, 267 homes and 
18 commercial structures. Monetary damages 
were determined for public buildings and grounds 
and for utilities and streets and bridges, as  well 
as for private residential and commercial struc- 
tures. Agricultural damages were not surveyed. 
The total flood damages that would be incurred in 
a recurrence of the 1924 flood were estimated at 
$851,400;~ for a recurrence of the 1959 flood, 
$306,500; and for a recurrence of the 1960 flood, 
$375,000, all measured in 1964 dollars. 

The report recommends the construction of a 
floodwater diversion channel extending from the 
Milwaukee River at the Village of Saukville a dis- 
tance of about three miles to a point on the Lake 
Michigan shore about one and one-half miles south 
of the City of Port Washington. Control struc- 
tures at Saukville would divert flood flows into the 
diversion channel. The outlet at Lake Michigan 
would include a chute and stilling basin. Con- 
struction of the single-purpose diversion channel 
could be expected to reduce average annual flood 
damages by an amount estimated at $217,000 (see 
Table 41). The flood control benefits would be 
achieved by lowering the hydraulic gradeline (high 
water surface elevation) of the flood flows on the 
Milwaukee River below the Village of Saukville. 
The total installation cost of the diversion channel 
was estimated by the Corps of Engineers at 
$4,410,000 in 1964 dollars, including construction, 
engineering, and administrative services, but not 
including the cost of obtaining land easements and 
land rights-of-way. Amortized at 3 1/8 percent 
interest over a 100-year period, the average 
annual capital cost would be $185,000. Average 
annual operation and maintenance costs were esti- 
mated at $14,100. Average annual costs would be 
$200,000. The benefit-cost ratio of the single- 

s~ 
and Tributaries, Wisconsin, November 1964, U. S. Army 6~eveloped from synthetic unit damages, 1924 floodplain 

data, and 1964 structure count. Engineer District ~ h i c a ~ o x o r ~ s  of Engineers. 



PROJECT FORMULATION STUDIES-DETERMINATION CF OPTIMUM PROJECT 
IFLOODYATER D I V E R S I O N  CHANNEL) 

- - -- 

"INCLUGES BEN6FfTS ATTRIBUTABLE TO LAND ENHANCECENT- 

SOURCE- U. S. ARMY CORPS OF ENGINEERS SURVEY REPORT. MILWAUKEE RIVER AN0 
TRIBUTARIESI  Y ISCONSIN,  1964.  

INCREMENTAL 
BENEFIT - COST 

RAT I 0  

0 .25  

purpose diversion channel, calculated at 3 1/8 
percent interest, would be 1 . 0 9  to 1.0, including 
both flood damage reduction and land enhancement 
benefits. The diversion channel was one of six 
alternative flood control measures considered. 
The other alternatives include the construction of 
channel improvements, the construction of levees, 
the construction of flood control reservoirs, the 
construction of multi-purpose reservoirs, and 
floodplain evacuation. 

1NCREMENTAL 
AVERAGE 
ANNUAL 
CHARGES 

112eOOO 

DEGREE OF 
PROTECTION 

( Y E A R S )  

100  

2 0 0  

The U. S. Army Corps of Engineers flood control 
report provides invaluable historic flood damage 
data along that reach of the Milwaukee River 
extending from the City of Milwaukee through the 
Village of Saukville, data constituting an important 
input to the flood damage survey conducted by the 
Commission. The report also provides important 
engineering data about the river below Saukville 
and proposes a possible solution to the flood prob- 
lems of the lower river. 

SEWRPC MILWAUKJ3E RIVER WATERSHED - I 
FLOOD DAMAGE SURVEY 

AVERAGE 
ANNUAL 
BENEFITSO 

S217rOCO 

2 2 0 , 0 0 0  

All of the past historic flood damage surveys pre- 
viously described were considered to be incom- 
plete because the geographic scope of the surveys 
was limited to the lower reaches of the main stem 
of the Milwaukee River, extending from the City 
of Milwaukee through the Village of Saukville, and 
because the economic scope of the survey was 
limited to urban flood damages. Therefore, a new 
flood damage survey was conducted by the Com- 
mission in the summer of 1968 a s  an integral 
part of the Milwaukee River watershed study. 
This study was comprehensive, including all of 
the watershed and all forms of .flood damages, 
including agricultural, as well as urban, damages, 
and public, as well as private, Losses. The pri- 
mary objectives of the survey were to obtain com- 
prehensive, a s  well as accurate, information on 
historic and potential flood losses and to solicit 

Historic high water marks are essential to the determination of 
high water surface profiles for actual major floods and attendant 
flood hazards and are an invaluable aid in calibrating the flood-flow 
simulation models used to synthesize high water surface profiles 
for floods of specified recurrence intervals. This photo shows 
documented historic high water marks as recorded by a resident 
of the City of Mequon for the 1959 and 1960 floods on the Milwau. 
kee River. Many such high water marks were collected in the 
SEWRPC flood damage survey. 

AVERAGE 
ANNUAL 
CHARGES 

S200,CCO 

212sCOC 

SEWRPC Photo 

BENEFIT-  
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information useful in the necessary hydrologic and 
hydraulic investigations, such as the maximum 
height of the floodwaters (see Table 107), time of 
flood cres t ,  and duration of flooding. Before 
undertaking the new survey, all available previous 
flood damage survey information was carefully 
reviewed in order to identify the measures neces- 
sary  to both update the information and to expand 
i ts  geographic and economic scope. 

The procedures developed by the Commission for 
the conduct of the historic flood damage surveys 
carried out under the Root and Fox River water- 
shed planning programs were utilized in this 
survey. These procedures a re  in accordance with, 
and patterned after, historic flood damage survey 
practices established by the U. S. Army Corps of 
Engineers and the U. S. Soil Conservation Service. 

Field Survey Operations 
SEWRPC field survey operations consisted pri- 
marily of on-site personal interviews with home- 
owners, farmers,  and businessmen located in the 
historic floodplains of the watershed who either 
suffered direct o r  indirect damages from floods 
which occurred in the recent past o r ,  in the case 
of structures erected since the last major flood, 
could potentially incur flood damages. The field 
interviews were conducted by a team of Commis- 
sion flood damage surveyors who were instructed 
to collect sufficient information on historic flood 
damages to enable accurate reconstruction of 
monetary losses in terms of current dollar values. 
The team of surveyors was kept small in number 
to assure consistency in damage interpretation and 
reporting throughout the watershed and was sup- 
plied with standard flood damage questionnaire 
forms to be utilized during interviews withowners, 
lessees, o r  managers of the damaged property 
and with appropriate public officials. Eight sepa- 
rate questionnaire forms were utilized, relating 
to the flood damage categories of public build- 
ings and grounds; railroads; streets and highways; 
bridges; utilities and communications; relief and 
health expenditures; agricultural damages ; and 
nonpublic buildings and grounds. The question- 
naire forms used are  reproduced in Appendix Dof 
this volume. The flood damage data thus collected 
were divided into three sectors: public property 
and utilities, private agriculture, and private resi- 
dential and commercial. 

Because of the relatively large size of the Milwau- 
kee River watershed, it was impractical to arrange 

personal interviews with officials of all the fed- 
eral ,  state, and local public agencies within the 
watershed that might have incurred flood damage 
costs. Instead, letters of inquiry were sent to offi- 
cials of these agencies. The letters explained the 
purpose of the SEWRPC flood damage survey and 
requested information concerning public expen- 
ditures incurred because of flooding in recent 
years. Such letters of inquiry were sent to all 
village presidents and town board chairmen within 
the watershed; to all county sheriffs and civil 
defense directors of Fond du Lac, Milwaukee, 
Ozaukee, Sheboygan, and Washington Counties; to 
all chiefs of the police departments of the Cities 
of Cedarburg, Glendale, Mequon, and West Bend; 
to officials of the State Highway Commission of 
Wisconsin and the county highway departments; 
to all city and village engineering departments; 
and to all public utilities within the watershed, 
both because these agencies were more likely to 
have incurred significant flood damage costs and 
because the officials of these agencies were more 
likely to be able to supply definitive hydrologic 
and hydraulic data to the study. 

Personal interviews were conducted with 262 
homeowners in, and residents of, the riverine 
areas of the watershed. The interviews included 
questions concerning the direct flood damages 
incurred to structures, furnishings, and other con- 
tents, as  well as  the indirect damages incurred, 
such a s  the cost of flood fighting and evacuation. 
The height of floors above, and the depth of floors 
below, ground level was also obtained for each 
structure. In the conduct of the survey, three 
basic categories of residential flood damage were 
recognized; and sampling rate objectives for these 
were established as  follows: 

1. Inundation from direct overflow of the f irst  
(ground level) floor of buildings: 100 per- 
cent sample rate within the assumed his- 
toric floodplain. 

2. Inundation from direct overflow but limited 
to basements, lawns, and grounds: 20 per- 
cent sample rate within the assumed his- 
toric floodplain. 

3. Sewer backup o r  seepage through walls 
and floors, resulting in basement flooding: 
20 percent sample rate within the assumed 
historic floodplain. 



In isolated areas containing relatively few dam- 
aged properties, a 100 percent sampling rate 
within the assumed historic floodplain was set  a s  
the objective for all residential damage categories. 

Personal interviews were conducted with the 
owners o r  managers of 11 commercial proper- 
ties located in the floodplain. Because of the 
extreme variability of flood damage susceptibility 
of individual commercial properties, a 100 per- 
cent sampling rate within the assumed historic 
floodplain was set as  the objective for this sector. 

Personal interviews were conducted with 48 farm- 
owners o r  operators. A 100 percent sampling rate 
within the assumed historic floodplain was set  a s  
the objective for this sector. The farmers  were 
questioned as  to direct damage to crops, live- 
stock, equipment, buildings, and other property; 
a s  to damage resulting from erosion and sedimen- 
tation; and a s  to other water resource-related 
problems, such as  poor drainage o r  deteriorating 
surface water quality. Wherever the farmowners 
o r  operators were able to reconstruct them, inun- 
dation lines were delineated on prints of 1" = 400' 
scale aerial photographs. 

Evaluation of Flood Damage Survey Results 
The field data were entered on the personal inter- 
view forms and aerial photographs used for this 
purpose and, together with the data collected 
through the letters of inquiry, were reviewed 
immediately after completion of the interviews 
o r  receipt of the replies and converted into a con- 
sistent form suitable for analysis. .Such conver- 
sion was necessary, since most of the interviews 
resulted in information on the extent and type of 
physical damage incurred by the damagees rather 
than in dollar amounts of damage. Moreover, in 
the case of structures erected on the known his- 
toric floodplain since the last major flood,damages 
had to be imputed in order to enable the total flood 
damages which would be incurred in afuture major 
flood to be estimated. All such new structures 
were identified in order to permit a reconstruc- 
tion of the actual 1960 flood damages and to permit 
the preparation of an estimate of the potential 
flood damage under existing land use development. 
Some of the interviews, however, resulted in 
information on the actual costs of the damages, 
while in a few instances, the interviews resulted 
only in information on the flooding characteristics 
of the river. 

The individual flood damage forms completed 
by the U. S. Army Corps of Engineers in the 
1964 flood damage survey and supplied to the 
Commission upon the submittal of a release 
from individuals originally interviewed by the 
Corps were analyzed in the same manner a s  the 
SEWRPC interview forms? Every effort was made 
by the SEWRPC surveyors to obtain the necessary 
releases and thereby permit full use to be made 
in the current SEWRPC survey of the data col- 
lected in the previous Corps flood damage survey. 
In several instances a flood damagee who had been 
included in the Corps survey was reinterviewed by 
the SEWRPC surveyors a s  a basis for comparison 
of survey results and to ensure consistence in the 
evaluation of individual flood damage forms. The 
results of such comparisons were excellent and 
indicated a very high degree of consistency in 
the results. 

Public, a s  well as  private-sector, cost quota- 
tions, where provided, were carefully reviewed 
and adjusted as  necessary. Where data on the 
extent and type of physical damage were available, 
these were converted to monetary values with the 
aid of a cost schedule based on average regional 
prices. If neither cost quotations nor the exact 
nature of the physical damage were available, 
empirically derived cost tables obtained from the 
U. S. Soil Conservation Service were used to com- 
pute probable monetary loss from the depth of 
inundation. The probable depth of flooding was 
determined from careful analyses of the outer 
limits of the areas of inundation, as  defined by 
historic high water marks and the high water 
surface profiles determined through application 
of the mathematical flood-flow simulation model 
developed under the study. The tables used a re  
reproduced in Appendix E of this volume. All 
monetary flood damages were expressed in 1969 
dollars. This required the adjustment of reported 
flood damages to reflect the changes in the actual 
purchasing power of the dollar between 1960 and 
1969 in some cases, and in other cases between 
1964 and 1969. In a few instances in which both 
flood inundation data and individual cost quotations 
were provided, the tables were found to compare 
quite satisfactorily with the quoted damage costs, 
adjusted to 1969 dollars, for  the various depths of 
flooding which occurred. 

7 All flood damage survey forms are on file in the SEWRPC 
offices. 



Many possible sources of e r r o r  exist in any flood 
damage survey and must be guarded against during 
the conduct of the interviews and in the inter- 
pretation and application of resulting data. The 
principal factors which may adversely affect the 
accuracy of the flood damage survey are: 

1. A high rate of change in ownership between 
the time of the last major flood (1960) 
and the time of the flood damage survey 
(1968), especially in high damage reaches. 
Present owners of damaged units were 
often found to be unaware of past flood 
damage, while former owners were diffi- 
cult to find o r  were uncooperative because 
they retained little interest in the affected 
property. 

2. The large number of the residences located 
in certain floodplain areas were vacation 
homes owned by persons residing outside 
the watershed. Because many of these 
homes were occupied only at  unpredict- 
able times during the summer, i t  was not 
always practical to achieve full interview 
coverage in these areas. 

3. A relatively long period of time had elapsed 
since the last major flood (spring of 1960) 
and the flood damage survey (summer of 
1968). With the passage of eight years, 
many private damagees had either for- 
gotten entirely o r  inaccurately recalled 
past flood damages. 

4. Under-reporting of damages was likely in 
some areas because of fear  that the survey 
results might depreciate property values. 
This fear was particularly apparent among 
owners who were subdividing farmland 
for urban development o r  trying to sell 
urban dwellings. 

5. Some damaged properties were not restored 
to preflood condition, so that repair costs 
were not representative of actual damages. 

6. It was apparent that some owners failed to 
recognize all damages sustained, particu- 
larly certain indirect costs. 

It  is important to note that all of the above factors 
will tend to result in an under-reporting of actual 
flood damages and, therefore, in conservatively 
low flood damage estimates. 

Results of the flood damage surveys indicated that 
residential flood damages are  significant only 
along that reach of the Milwaukee River extending 
from the confluence with the North Branch of the 
Milwaukee River in Ozaukee County to the con- 
fluence with Lincoln Creek in Milwaukee County, 
a distance of about 36.5 miles. 

It should be emphasized that the procedures fol- 
lowed in the SEWRPC flood damage survey resulted 
in both a reconstruction of the actual monetary 
damages incurred in the 1960 flood on the Mil- 
waukee River and an estimate of the potential 
damages from 10- and 100-year recurrence inter- 
val floods under existing (1967) land use develop- 
ment in the floodplains. In addition, the survey 
permitted estimates to be made of flood damages 
under future (1990) land use conditions. All dam- 
ages were expressed in 1969 dollars. In order to 
be conservative, the damages actually incurred 
in the 1960 flood were reconstructed by simply 
totaling only those damages actually reported by 
interviewed damagees, even though these repre- 
sented only a sample of the total universe. The 
flood damages attendant to the 10-year and 100- 
year recurrence interval floods under present 
(1967) land use conditions, however, a re  based 
upon computations of potential damage to all exist- 
ing land uses in the floodplains of the watershed, 
as  those land uses were identified in the flood 
damage survey. As already noted, the damages 
were computed using empirical cost tables and 
actual flood stage heights. It should be noted that 
a 10-year recurrence interval flood would be of 
approximately the same magnitude a s  the 1960 
flood; a 100-year recurrence interval flood would 
be of a slightly greater magnitude than the 1918 
and 1924 floods. The latter floods both had an 
estimated recurrence interval of 77 years and, 
therefore, a stage somewhat lower than the 100- 
year recurrence interval flood. 

COST AND CHARACTERISTICS 
OF FLOOD DAMAGE 

Definitions 
Flood damage may be  defined as  the physical dete- 
rioration o r  destruction caused by floodwaters. 
The term flood loss refers to the net effect of 
the flood damage on the regional economy and is 
usually expressed in monetary units. All losses 
resulting from a flood o r  the risk of a flood can be 
broadly classified a s  direct, indirect, deprecia- 
tion, and intangible. To assure full compatibility 
with the policies and practices of those federal 



agencies which may be asked to assist in the 
implementation of the recommended watershed 
plan, these four categories of flood Losses were 
defined for  the purpose of the study so a s  to 
be consistent with the definitions used by the 
U. S. Army Corps of Engineers and the U. S. Soil 
Conservation Service, as  follows: 

1. Direct losses were defined as  monetary 
expenditures required, o r  which would be 
required, to restore flood-damaged prop- 
erty to i ts  preflood condition. Included in 
this category within the agricultural sector 
is the net potential value of farm crops 
destroyed by flooding. 

2. Indirect losses were defined as  the net 
monetary cost of flood-fighting, flood- 
proofing, and flood-caused loss of wages, 
sales, and production. Cost of evacuation 
and relocation, increased cost of carrying 
on operations during periods of flood dis- 
ruption, and increased cost of transporta- 
tion because of flood-caused detours were 
also defined a s  indirect losses. Indirect 
losses, although often difficult to deter- 
mine with accuracy, nevertheless consti- 
tute real  monetary losses to the economy 
of the Region. 

3. Depreciation losses were defined a s  the 
reduction on the value of real  property 
when the r isk of flooding becomes known. 
Property values after a flood a r e  reduced 
by the probable amount of money which 
will have to be expended for  future flood 
repairs. This being the case, deprecia- 

Automobiles often become useless vehicles to residents of nat- 
ural floodplains during flood periods, as shown in this photo of 
the 1960 flood near the unincorporated Village of Kohler in Ozau- 
kee County. Canoes and rowboats are often the only way floodplain 
residents can reach their homes. Floodwaters such as these often 
require several days to recede, thus causing rather extended pe- 
riods of disruption of normal daily lives. 

Photo Courtesy of The Milwaukee Journal 

tion losses should be equal to the probable 
direct losses from future floods. Depre- 
ciation losses are  difficult to define in 
monetary terms, however, because the 
economic value of depreciation depends not 
only on actual direct flood Losses but on 
public attitudes, time elapsed since the 
last damaging flood, the vagaries of human 
memory, and the information available 
to prospective buyers. When damaging 
floods are  infrequent, many residents o r  
buyers of residential property in a poten- 
tial damage area  are  unaware of flood 
risks;  and, consequently, flood risk may 
not actually enter into the establishment of 
property values. Because of the difficulty 
and uncertainty in assigning a monetary 
value to depreciation losses, these losses 
were not included in the economic analy- 
ses. The direct losses, which a r e  another 
means of determining the depreciation, 
were instead evaluated and included in 
the economic analyses of the alternative 
watershed plans. 

4. Intangible losses were defined a s  losses 
which cannot be measured in monetary 
terms Intangible losses caused by floods 
range from loss of life to minor incon- 
venience and include health hazards, inter- 
ruption of schooling, loss of f ire protec- 
tion, and severe mental aggravation. It is 
significant to note, however, that, in the 
course of the flood damage survey, many 
damagees declared that the intangible dam- 
ages, such a s  mental aggravation, were 
the most severe flood damage they experi- 
enced, monetary costs notwithstanding. 



Flood damage may also be classified on the basis 
of ownership into public-sector and private-sector 
losses. Private-sector can be further subclassi- 
fied into residential-commercial losses, road- 
user detour costs, and agricultural losses. A 
summary of these estimated losses within the 
Milwaukee River watershed expressed in present 
day prices (1969) is set  forth for the 10-year and 
100-year recurrence interval floods under present 
(1967) land use conditions in Tables 42 and 43. 

Public-Sector Losses 
The costs of flood damages to public property, 
utilities, and relief agencies were accepted as 
reported in the 1964 flood damage survey con- 
ducted by the U. S. Army Corps of Engineers 
but were adjusted to account for the increases 
in prices between 1964 and 1969. This was done 
on the assumption that no new flood-vulnerable 
public facilities were constructed in the historic 
floodplains between 1960 and 1967. Direct losses 
included road and bridge repairs, basement pump- 
ing, and flood cleanup operations. Indirect losses 
included blasting of ice jams, relief and health 
services, and highway and railway traffic rerout- 
ing. In evaluating flood costs resulting from public 
labor charges, only the cost of overtime pay 
was included. 

Public-sector damage incurred in the 1960 flood, 
a flood having a recurrence interval of approxi- 
mately 10 years, as reported in the U. S. Army 
Corps of Engineers flood damage survey and 
adjusted for the increase in the Milwaukee area 
consumer price index from 1964 to 1969: totaled 
about $75,000 and may be assumed to be the 
same under present (1 967) land use conditions. 
Public-sector damages for a 100-year recurrence 
interval flood under present land use conditions 
may be expected to total about $169,000. The 
average annual public-sector losses may be esti- 
mated at about $17,000. 

Private-Sector Losses 
Residential and Commercial Losses: Damages to 
the private residential sector, as  measured in 
terms of monetary loss, number of people affected, 
and intangible damages, were by fa r  the most sig- 
nificant damages resulting from the 1960 flood; 
and i t  is estimated that about 75 percent of the 
total flood damages incurred in all major floods 

'7he Milwaukee consumer price index increased from 105.2 
in 1964 to 122.8 in 1969, an increase of 16.8 percent. 

along the Milwaukee River a r e  sustained by pri- 
vate residences, as  was the case in the 1960 flood. 
At least 267 families in 8 communities were 
directly affected by the 1960 flood event, with 
damages ranging from basement seepage to first- 
floor inundation, and monetary damages in the 
private residential sector totaled about $200,000. 
The residential losses that would be incurred as  
a result of a 10-year recurrence interval flood, 
using a 1967 structure count and 1969 dollar 
values, a re  indicated in Table 42. As noted in the 
table, total residential flood damages may be 
expected to total about $227,900. The comparable 
dollar losses which could be expected with the 
occurrence of a 100-year recurrence interval 
flood on the Milwaukee River under present (1967) 
land use conditions exceed $1.5 million for resi- 
dential damages alone (see Table 43). 

The cost of flood damage to commercial-industrial 
property was accepted as  reported in the 1964 
U. S. Army Corps of Engineers Survey Report, 
the total cost being adjusted only to reflect the 
change in the Milwaukee area consumer price 
index from 1964 to 1969. This was done on the 
assumption that no new flood-vulnerable commer- 
cial-industrial uses were constructed on the his- 
toric floodplains between 1960 and 1967. Eighteen 
commercial establishments reported damage from 
the 1960 flood; and estimated damage to the com- 
mercial sector totaled $23,000, expressed in 1969 
dollars, and may be assumed to be the same under 
present (1967) land use conditions. It is estimated 
that over 80 commercial establishments would 
experience about $75,500 in damages if the 100- 
year recurrence interval flood occurred under 
present (1967) land use conditions. Average annual 
commercial losses are  estimated to approximate 
$6,000. Observation of recent commercial devel- 
opment in the floodplains indicates that commer- 
cial developers are  becoming more aware of 
flood risks and may be expected in the future to 
take precautions to insure against flood damage. 
Therefore, the probable future annual commercial 
flood damage was not increased beyond the esti- 
mated 1969 levels. 

Road-User Detour Costs: Detour costs to road 
users a re  often an important indirect loss accom- 
panying flood closure of streets. This cost was 
calculated for affected arterial s treets  and high- 
ways on the basis of traffic volume, incremental 
detour length, hours of flooding, and an esti- 



TABLE 42  

E S T I P A T E D  FLOOC DAMAGES I &  THE P I L k A U K E t  R I V E R  WATERSHED 
BY MAJOR CAMAGE KEACH -- 1C-YEAR RECURREhCE I h T E R V P L  F L C C D  

UNDtK 1967 LAND USE C O N D I T I O N S ~  ( 1 9 6 9  C C L L A R S )  

NUMBER 

P X  I V A T E  SECTOR D A M A G E S  

R l  VER 
M I L E S  

6.2-8.5 

NAME -- G E O G R A P H I C  
D E S C R I P T I O N  

M I L W A U K E E  -- S I L V E R  
S P R I N G  OR T O  E S T A -  
BROOK P A R K  

G L E N O A L E  -- S I L V E R  
S P R I N G  CR T O  1 / 4  
P I L E  S O U T H  O F  BRAD- 
L k Y  K O  

R I V E R  H I L L S - -  GREEN-  
T R E E  R D  T U  COUNTY 
L I N E  AD 

BROViN D E E R  -- 1/4 
M I L E  S O U T H  OF BRAD- 
L E Y  RO T O  COUNTY 
L I N E  K O  

MEOUON -- C O U N T Y  
L I N E  R D  T O  S T H - 1 6 7  

T H I E N 5 V I L L E  I V I L -  
L A G E )  

MEQUON -- S T H - 1 6 7  
T O  SW C O R N t R  O F  SEC-  
T I O N  1 8 ,  T9N.  R 2 2 E  

MEQUOY -- SW CORNER 
O F  S E C T I O N  18.  T 9 N .  
R l 8 E  T O  CTH-C 

G R A F T O Y  -- CTH-C T O  
3 1 4  M I L E  S O U T H  O F  
S  1 H - 6 0  

G R A F T O N  -- 3 1 4  M I L E  
S O U T H  OF S T H - 6 0  T O  
3 / 4  M l L E  N O R T H  O F  
S T H - 6 0  

G R A F T O N  -- 3 / 4  M l L E  
N O R T H  OF S T H - 6 0  T O  
S A U K V I L L E - G R A F T O N  
TOWN L I N E  

I 

S A U K V  I L L .  I V  I L L A G E  I 

S A U K V I L L E  -- V I L L A G E  
L I N E  N O R r H  4  M I L E S  

WA(J8EKA -- 4 M I L E S  
N O R T H  GF S A U K V I L L E  
V I L L A G E  L I N E  THROUGH 
WAUBEKA 

T O T A L  

-- 1 4 6 . 0 +  I U P S T R E A M  O F  WAUREKA I -- I -- I -- I -- 

" A  l o - Y E A ?  R E C U R K E N C E  I N T t K V A L  F L U 0 0  I S  A  F L O O O  O F  A B O U T  T H E  SAME M A G N I T U D E  A S  T H E  
1 9 6 0  F L O O O  ON T H E  H I L k A U K E t  R I V E K .  

-- 

b~~~ M A P  4 0 .  

COPIMAGES F R O M  U. 5. AKMY CORPS O t  E N G I N E E R S .  S U R V E Y  R E P O R T  F l l A  F L L O O  Cr)l.ITd(JL OY T H E  
M I L W A U K E E  R I V E R  AND T A I R U T A K I E S  W I S C O N S I U 1  U O V t M D E ?  1 9 6 4 .  

-- 

SOUKCE-  H 4 K Z A  E N G I N E E K l Y G  COMPAplY AND S t W R P C .  

SURTOTAL................................ 

C E D A R  C R E E K  

S 2 2 7 r 9 C O  

-- 

P U B L I C  S t C T O R  D A M A G E S ~  .................................................. 
$ 2 3 , 4 0 0  

7 4 . 8 0 0  

-- 

S R r 7 0 0  $ 2 6 0 , 0 0 0  

1 r O O O  1 ,Odd 



E S T I M A T E D  FLGOC CAMAGES I N  T b E  M I L h A U K E E  R I V E R  k A T E K S H E C  
b Y  MAJOR FLCOC DAMAGE R E A C H  -- I C O - Y t A R  K t C L Q R E h C E  I k T k K V A L  

F L c a c  UNCER 1967 LANE L S E  C C ~ C I T I C N S ~  (1969  C C L L A K S )  

'A 100-YEAR RECURRENCE INTERVAL FLCOO I S  A FLCOG OF SLIGHILY GREATER MAGNITUOt THAN 
THE 1 9 2 4  FLOOC ON TbE MILWAUKEE RIVER. TbE 1924 FLOOD HA0 AN ESTIYATEO RECUYREhCE 
INTERVAL OF 77 YEARS. 

b~~~ MAP 40. 
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1 4  
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COACAGES FROM U.S. ARMY CORPS OF ENGINEERS, SURVEY REPORT FOR FLCCO CChTROL Oh THE 
MILWAUKEE RIVER AN0 TRIRUTPRIESI WISCONSIN. NOVEMBER 1964. 

~ B R E A K O O W N  OF C A M A G E  BY R E A C W  NOT AVAILABLE. 

SOURCE- HARZA ENLINEERIUG COMPANY AN0 SEWKPC. 

TOTAL O A M A G E S . . . . . . . . . . . . . . ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - -  

PRI 

RESIDENTIAL 

J -- 

570rOC0 

38r8CO 

1 9 ~ 1 C O  

196r5CO 

93.3CO 

2 18.6CO 

179.740 

16.6CO 

26.600 

53.5C0 

48.150 

2013CO 

74.5CO 

-- 
-- 

$1,555,690 

................................................... PUBLIC S E C T O R  D A C A G E S C ~  

MAJOR 

RIVER 
MILES 

6.2-8.5 

8.1-12.0 

11.3-16.0 

14.8-16.0 

16-0-18.8 

18.8-20.6 

18.8-22.0 

22.0-26.3 

26.3-30.0 

30-0-31-8  

31.8-35.0 

35-0-37.5 

37.5-42.0 

42.0-46.0 

46.0+ 

-- 

61r1136~990 

D A M A G E S  

ROAD 
U S ~ R S  

1 -- 

-- 

-- 

-- 

6rCOO 

-- 

-- 

29110 

-- 

-- 

-- 

21,100 

-- 

-- 

5.100 

2.490 

S36r800 

V A T E  SECTOR 

 COMMERCIAL^ 

S 41100 

14.7CG 

-- 

l C 1  700 

1,900 

24.800 

-- 

-- 

2.700 

-- 

-- 

16,600 

-- 

-- 

-- 
-- 

$75,500 

C A M A G E   REACH^ 

NAPE -- GEOGRAPHIC 
CESCRIPTION 

MILWAUKEE -- SILVER 
SPRING CR TO ESTA- 
RROCK PPRK 

GLEYOALE -- SILVER 
SPRING CR TO 1 / 4  
MILE SCUTH OF BRAE- 
LEY ROAC 

RIVER HILLS--GREEN- 
TREE RC TO COUNTY 
L I N E  RO 

BROWN DEER -- 114 
P I L E  SGUTP OF BRAC- 
LEY RC TO COUNTY 
L INE RD 

MECUGN -- COUNTY 
L INE RO TO STH-I67 

THIENSVILLE ( V I L -  
LAGE) 

MECUON -- STH-167 
TO SW CGRNER OF SEC- 
T ICN 18. T9N1 RZZE 

CEOUON -- SW CORNER 
OF SECTION 18s T9N. 
R22E TO CTH-C 

GRAFTCN -- CTH-C TO 
3 / 4  MILE SOUTH OF 
STH-60 

GRAFTON -- 3 / 4  MILE 
SOUTH OF STH-60 TO 
3 / 4  MILE WORTH OF 
STH-60 

GRAFTON -- 3 / 4  MILE 
NORTH OF STH-60 TO 
SAUKVILLE-GRAFTON 
TCWN L I h E  

SAUKVILLE (VILLAGE)  

SAUKVILLE -- VILLAGE 
L INE NORTh 4 MILES 

WAUBEKA -- 4 MILES 
NORTH GF SAUKVILLE 
VILLAGE L I N E  THROUGH 
WAUBEKA 

UPSTREAM OF WAUBEKA 

CEDAR CREEK 

SUBTOTAL................................ 

1 C T A L  

S 4 r 1 0 0  

5841700 

38,800 

29,800 

204,400 

1111,100 

2 1 8 ~ 6 0 0  

181,850 

19.300 

26.600 

5 3 ~ 5 C O  

85,850 

20,300 

74.500 

S1lOO 

L ,490 

$1,6679990 

169.000 



mated 12 cents per mile vehicle operation cost? 
The synthesized 10-year and 100-year flood pro- 
files were used to determine which roads could 
be expected to be closed by major flood events, 
and the synthesized flood hydrographs were used 
to determine the probable duration of flooding. 
Curves were then prepared which related the 
duration of closure to frequency, the area under 
these curves representing the average annual 
hours of closure for each arterial street o r  high- 
way affected. 

The detour cost attributable to the March-April 
1960 flood, a flood having a recurrence interval 
of approximately 10 years, using 1963 average 
daily traffic volumes (ADT), was thus estimated 
at about $9,000. With present (1969) average daily 
traffic volumes, the detour costs attendant to 
a 10-year recurrence interval flood would total 
about $8,700," and for a 100-year recurrence 
interval flood, about $37,000, all expressed in 
1969 dollars. Table 44 lists the arterial s treets  
and highways that were flooded during the 1960 
(10-year recurrence interval) flood event and 
those that could be expected to be flooded by a 
100-year recurrence interval flood. 

'Ttaffic volume and vehick operating cost data were de- 
rived from data developed under the SEWRPC land use- 
transportation snrdy. 

l0'7he decrease in the estimated detour cost from 1963 to 
1969 accompanying a 10-year recurrence interval flood was 
not due to any decrease in traffic volumes but to a shifr in 
traffic @om older flood-prone sutjace arterials to freeway 
facilities and new high-type surface arterials not subject to 
flood closuree 

Detour costs to road users are often an important indirect loss 
accompanying flood closure of streets and highways. This photo of 
thick cakes of ice littering STH 57 north of the Village of Saukville 
was taken in March 1962 and illustrates the closure of a major 
transportation facility due to floods on the Milwaukee River. In 
this case an ice jam had to be dynamited to clear the nearby chan- 
nel and perrnl the floodwaters to recede, after which the roadway 
had to be cleared. 

Average daily traffic volumes were obtained from 
the SEWRPC Regional Land-Use Transportation 
Study. Annual detour costs were estimated for  
each detour route by the following formula: 

t 
Annual cost in dollars = ' ADT ' L C 

where: t = estimated average annual flood 
closure in hours. 

ADT =average weekday traffic volume 
in vehicles per day. 

L = incremental detour length in. 
miles. 

C = vehicle operation costs ($0.12 
per mile). 

The average annual detour cost is estimated a t  
$2,600 in 1969 dollars under 1969 traffic volume 
conditions. 

A g r i c u l t u r a l :  Historic floods have caused 
a wide range of, but only minor, agricultural 
damage within the watershed, including damage to 
crops and orchards; loss of livestock; damage to 
fa rm buildings, machinery, and equipment; dam- 
age to stored feed and supplies; damage to fa rm 
bridges, mads,  and fences; damage to drainage 
and irrigation works; and soil erosion and silta- 
tion. The monetary loss from flooding of a crop 
varies with the date of flood occurrdnce, the dura- 
tion of flooding, the velocity of floodwaters, the 
depth of flooding, and the type of crop. An early 
flood may allow time for replanting of a crop, the 

Photo courtesy of The Milwaukee Journal 



R C P C  

C U R A T I C N  O F  R O A C  C L O S U R E  F O R  T H E  1 C -  A h C  1GC- Y E P R  R E C U R R F h C E  
I N T E R V I L  F L C O C S  Oh T h t  t ' l L h D L K F t  R I V E R  L A T E K S H E L  

L C C A T I O N  O E P T H  
( R I V E R  P I L E )  ( F E E 1 1  

1 0 - Y t A R  
R E L b R R C h C E  I N T E R J A L  

I I I I I 

U I L W P U K E E  R I V E R  

1 0 0 - Y E A R  
# < E C u R R F h C E  I h T C R V A L  

STW 167 
C T H  P 
STI. '33 
S T F  57  
C T H  0 
S T t  53 
C T b  P 
C T t  H  
S T k  28 
STH 67 

C E C A R  C R E E K  

C E C P R  C R E E K  R C A C  
C E C P R  C R E E K  K O P C  37.CO 
C T H  N 1 37.61 
H C R N S  C C X N E R  R O P E  
C T H  t' 
C T H  G 
5-1.H 60 

S C U R C E -  k A K Z A  E N G I N E E R I N G  C O M P A N Y .  

yield of which may be equal to that of the crop 
destroyed, with only the cost of replanting repre- 
senting the flood loss. A mid-season flood may 
allow the production of a lesser value crop, such 
a s  hay. Late season floods shortly before harvest 
may cause a complete loss with no opportunity 
for recovery but "save" the expense of harvest- 
ing. Floods occurring prior to planting o r  after 
harvest cause no crop damage but may result in 
some of the other kinds of agricultural damage 
listed above. 

Agricuttural flwd damages have, on the whole, been relatively 
minor in the Milwaukee River watershed. Many of the rural lands 
subject to flooding are used for pasture and are not, therefore, 
subject to heavy f lwd damage. In addition, most major flood events 
on the Milwaukee River have been early spring Rood events oc. 
curring before any crops were planted. If a Byear recurrence 
i n te~a l  flood were to occur in early summer, however, it is esti- 
mated that agricultural damages within the watershed could exceed 
$200,000. Also, as shown in this photo, many inconveniences result 
from the placement of farm homes in floodplains. 

Phota Courtesy of The Milwaukee Journal 

Truck crops, such as cabbage and potatoes, can 
be severely damaged by only a few inches of 
water, especially if air  temperatures are  high 
during and immediately after flooding. Oats and 
soybeans can survive flood inundations which 
would destroy truck crops but are Less flood 
tolerant than corn. Certain types of hay and 
pasture are very flood tolerant; and, indeed, their 
crop yields might be substantially increased from 
the irrigation benefits of flooding during early 
stages of their growth. 



In poorly drained areas of the watershed, farm- 
e r s  were often unabIe to distinguish between 
crop damage resulting from direct flooding by 
the r iver and from localized ponding of storm 
water due to inadequate agricultural drainage 
facilities. In those instances where analysis of 
the historic high water marks and the floodwater 
surface profiles determined through application of 
the flood-flow simulation model developed under 
the study so indicated, the reported damage was 
adjusted to exclude any costs relating to poor 
drainage. A substantial number of farmowners 
within the watershed have placed floodplain farm- 
lands under soil reserve programs administered 
by the U. S. Department of Agriculture, Agri- 
cultural Stabilization and Conservation Service 
(ASCS)." Because this land has been temporarily 

I I The three major federal soil reserve programs affecting 
agricultural land use in the watershed are: 

I. Conservation Reserve Program-This program was es- 
tablished under the Federal Soil Bank Act of I956 for the 
purpose of removing cropland from production and insti- 
tuting conservation measures on land so removed. Farm- 
owners who participated or are participating in this pro- 
gram agreed to harvest no crops, to permit no livestock 
grazing on the reserve land, and to prevent the reserve 
land from creating nuisances from noxious weeds, insects, 
and rodents. Under this program contracts were entered 
into for periods ranging from three to ten years. No con- 
tracts were, however, executed later than December 31, 
1960; and all such contracts will terminate on or before 
January 1, 1970. 

2. Cropland Adjustment Program-This program was es- 
tablished under the Federal Food and Agricultural Act of 
1965 for the purpose of removing cropland from produc- 
tion and instituting conservation measures on land so re- 
moved. Farmowners who are participating in this program 
have agreed to harvest no crops, to permit no livestock 
grazing on the reserve land, and to prevent the reserve land 
from creating nuisances from noxious weeds, insects, and 
rodents. Under this on-going program, contracts can be 
entered into for periods of either five or ten years. Also 
under this program, the Federal Government willfinancial- 
ly participate in the conversion of the reserve land to con- 
servation, recreation, and wildlife uses. 

3. Feed Grain Program-This program was initially es- 
tablished under the Federal Feed Grain Act of 1961 for the 
purpose of reducing surplus crop production of barley, 
corn, and grain sorghums. This program is presently au- 
thorized under the Agricultural Act of 1965, as amended. 
Farmowners who are participating in this program have 
agreed to harvest no crops, to permit no livestock grazing 
from April I to September 30 on the reserve land, and to 
prevent the reserve land from creating nuisances from 
noxious weeds, insects, and rodents. This is an on-going 
program to which participating farmers must commit them- 
selves annually. 

diverted from agricultuxal use, no flood losses 
can presently be assigned to it. For the purpose 
of evaluating future flood damage risks,  how- 
ever, it was assumed that, under the pressure 
of increasing population levels, this land would 
eventually revert to agricultural use. 

Although the monetary value of crop losses was 
estimated during the interviews, all crop damage 
costs ultimately used in the economic analyses 
were adjusted utilizing the following formula: 

Adjusted Monetary Loss = full probable cash 
value of original crop - 

costs not incurred in cultivation, 
harvest, and storage + 

cost of all operations in 
harvesting, and storing substitute 
crop - 

market value of the substitute crop. 

Of the t,otal reported damages incurred in the 1960 
flood event of $220,000, only $7,100, o r  about 
3 percent, were reported a s  agricultural damages12 
This low monetary loss may be ascribed to two 
factors: 1) most of the rural  lands subject to 
flooding were being used for pasture and were, 
therefore, not subject to heavy damages, and 
2) the 1960 flood event was an early spring event 
occurring before any crops were planted. The 
occurrence of a 10-year recurrence interval flood 
event in the early summer, after crops a re  
planted, could cause agricultural damages in 
excess of $200,000, based on an estimated 2,000 
acres of agricultural cropland located within the 
floodplain. 

12 Of the reported $7,100 agricultural damages in the 1960 
dood, $6,575 was incurred by two farms in combined damage 
Reach Numbers 9-10-11. In that combined reach, a total of 
$6,500 was reported by one farm for dredging and diking and 
for asphalt driveway repair. Other reported agricultural 
damages include: Reach No. 14-one farm, $200 damage, 
and Reach No. 15-one farm, $325 damage. 



Flood Damage Characteristics by River Reaches 
Milwaukee, Mouth of the Milwaukee River to the 
North Avenue Dam: For the reasons stated in 
Chapter I1 of this report, the geographic scope of 
the Milwaukee River watershed study, as  a fully 
comprehensive study, extended from the head- 
water reaches of the watershed to the North 
Avenue Dam in the City of Milwaukee. Because 
of the highly urbanized nature of the area trav- 
ersed by the reach of the River below the North 
Avenue Dam-an area which includes the central 
business district of the City of Milwaukee-this 
reach was, however, included in the flood-related 
work elements of the comprehensive watershed 
study. The historic flood damage survey indicated 
that flood damages have been very minor in the 
3.1-mile reach of the Milwaukee River below the 
North Avenue Dam, being limited to minor damage 
due to basement seepage in structures along the 
r iver  and to the backup of sewers within the down- 
town area of the City of Milwaukee. Some shal- 
low inundation of low-lying street intersections 
located relatively close to the Milwaukee River 
has also occurred. 

Floodwater surface profiles for this reach of the 
r iver were determined under the Milwaukee River 
watershed study for  both the 10-year and 100-year 
recurrence interval floods by backwater computa- 
tions. The magnitude of the flood flow for this 
reach of the r iver was assumed to be the same 
a s  the flow at the North Avenue Dam, a s  that 
flow was derived from the flood-flow simula- 
tion model. The drainage area  downstream from 
the North Avenue Dam, totaling about 3.8 square 
miles in area,  a l l  of which is highly urbanized, 
has a very short time of concentration; and it was, 
therefore, assumed that this area would not con- 
tribute any significant flow to the peak rate of 
discharge of the Milwaukee River at and below the 
North Avenue Dam. 

A discharge for the Menomonee River was deter- 
mined by a comparative analysis of the Cedar 
Creek watershed and the Menomonee River water- 
shed, *both of which have a drainage area of ap- 
proximately 128 square miles and stream channel 
lengths of approximately 32 miles. The Menom- 
onee River watershed, a s  a result of urbanization, 
is a more efficient hydraulic system than the 
Cedar Creek watershed; and, therefore, the peak 
discharges for the Menomonee River would nor- 
mally be considerably higher than those for Cedar 

Creek. It i s ,  however, highly unlikely that the 
peak discharge on the Menomonee River will cor- 
respond in time to the peak discharge on the 
Milwaukee River. Because these two factors tend 
to offset each other, i t  was estimated that the peak 
rate of discharge of the Menomonee River, coin- 
ciding with a 100-year recurrence interval flood 
crest  on the Milwaukee River, would be about 
3,800 cubic feet per second and that coinciding 
with a 10-year recurrence interval flood cres t  on 
the Milwaukee River about 2,800 cubic feet per 
second. A sensitivity analysis was performed in 
order to determine the effect of varying peak dis- 
charge rates for the Menomonee River on the 
floodwater surface elevations of the Milwaukee 
River up to the North Avenue Dam. Varying the 
peak rate of discharge of the Menomonee River 
from 3,600 cfs to 10,000 cfsI3 was found to have 
no appreciable effect upon the high water surface 
profile of the Milwaukee River. The analysis indi- 
cated that the structures which have the greatest 
relative effect on floodwater surface elevations 
a re  the Michigan Street Bridge, the Wisconsin 
Avenue Bridge, and the Wells Street Bridge. 
These bridges all have small cross-sectional 
areas due to large piers and abutments and a cor- 
responding constricted channel. The sensitivity 
analysis indicated further that the primary deter- 
minant of the floodwater surface elevations up to 
North Avenue was the elevation of Lake Michigan. 

Low, average, and probable high lake levels of 
576, 580, and 583 feet above mean sea  level, 
respectively, were then used to compute high 
water surface profiles to the North Avenue Dam 
for various flow rates. The lake elevations and 
flow rates used and the corresponding high water 
elevations a re  set  forth in Table 45. The corres-  
ponding high water surface profiles a re  repro- 
duced in an appendix to Volume 2 of this report. 
The analyses indicate that no overbank flooding 
should occur during the 100-year recurrence 
flood when Lake Michigan is at  o r  below elevation 
(583 feet) if the channel is maintained in i t s  pres- 
ent cross  section and configuration. Some minor 

I 3 ~ n  engineering report prepared by the Klug and Smith 
Company, Milwaukee, Wisconsin, for f ie  Falk Corporation 
in 1960, estimated the peak rate of discharge of the 1960 
flood on the Menomonee River at 10,000 cfs. f ie  1960flood 
was a 10-year recurrence interval flood on the Milwaukee 
River, a 37-year recurrence interval flood on the Fox River, 
and a 100-year recurrence interval flood on the Root River. 



local overbank flooding may be expected during 
the 100-year flood event when Lake Michigan i s  
at i ts  highest elevation. Any damages attendant 
to the overbank flooding should be slight, since 
the lands which would be inundated are  presently 
utilized for parking lots, street intersections, and 
other types of open-space uses. No overbank 
flooding should occur during a 10-year recurrence 
interval flood even when Lake Michigan i s  at the 
highest elevation and extreme flows occur on the 
Menomonee River. 

Some basement damages may occur due to seep- 
age along the dock lines through older dock walls. 
Floodwaters may also be backed through existing 
storm sewers and drains, damaging streets and 
buildings during extremely high Lake Michigan 
stages. Measures should be taken to avoid such 
storm sewer, as  well as  sanitary sewer backups, 
in order to protect those portions of buildings 
which are  below the extreme high water surface 
elevations of the 100-year recurrence interval 
flood in the downtown Milwaukee area (see dis- 
cussion of basement flooding and sewer backup in 
Chapter IX of this volume). The City and Metro- 
politan Sewerage Commissions have notified the 
public of high water problems along the lower 
river by issuing the notice reproduced in Figure 31 
to all property owners within the area delineated 
in Figure 31. An elevation of +4 referred to City 
of Milwaukee datum is  equal to an elevation of 
584.60 referred to mean sea level datum. 

brook Park: No historic flood damages are  known 
to have occurred in that reach of the Milwaukee 
River, extending from the North Avenue Dam 

to Estabrook Park, a distance of about three 
miles. The river banks along this reach a re  gen- 
erally high, and a considerable proportion of the 
stream banks a re  devoted to park o r  other open- 
space uses. No reach number was, therefore, 
assigned to this section for purposes of flood 
damage analysis. 

Milwaukee County, Estabrook Park to Silver Spring 
Drive (Reach Number 1): Historic flood damages 
have been relatively low in this 2.1-mile reach of 
the Milwaukee River, extending from Estabrook 
Park to Silver Spring Drive in the City of Glendale. 
Lincoln Creek, which is about 7.1 miles in length, 
extending from its  confluence with the Milwaukee 
River in Lincoln Park to approximately N. 51st 
Street and W. Good Hope Road in the City of Mil- 
waukee, flows into this reach of the Milwaukee 
River. There are no reported flood damages 
along Lincoln Creek; and only one home reported 
lawn damage in this reach a s  a result of the 1960 
spring flood, but no actual monetary damages 
were reported. 

Significant lengths of the floodlands of this reach 
of the Milwaukee River and the shoreline of 
Lincoln Creek are  not subject to severe flood 
damages, since three miles, o r  71.4 percent of 
the Milwaukee River shoreline, i s  in park o r  
parkway use, and eight miles, o r  56.3 percent of 
the Lincoln Creek shoreline, i s  in park o r  park- 
way use. 

During the 1924 flood (77-year recurrence inter- 
val flood), portions of this reach of the Milwaukee 

TABLE 4 5  
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Figure 31 
NOTICE ISSUED BY MILWAUKEE-METROPOLITAN SEWERAGE 

COMMISSIONS RELATIVE TO BASEMENT FLOODING CAUSED BY SEWER BACKUP 
MARCH 1952 

GENERAL NOTICE 

TO: Building Owner and/or Occupant 

Record high lake levels predicted for this year may seriously interfere 
with the operation of both the City and Metropolitan Sewerage Commission sewer 
systems by raising the levels of the rivers. This will result in direct interfer- 
ence with the outlets of the combined storm and sanitary sewers in the downtown 
area, a s  well a s  the separate sanitary sewers in other districts. 

Under conditions of high lake levels, rapidly melting snow or  heavy rains 
may result in surcharging the sewer system to a point where flooding of basements 
may occur. 

It therefore becomes necessary for all residences, stores, commercial 
establishments or  other buildings to protect themselves to an elevation of plus four. 

This means that materials, facilities and equipment located in basements 
should be protected o r  so placed that water rising to an elevation of four (4) feet 
above City of Milwaukee datum will cause no damage. 

The accompanying map shows the outline of the area  most likely to be 
affected. 

CITY and METROPOLITAN SEWERAGE COMMISSIONS 

March 26, 1952 

Source: Milwaukee-Metropolitan Sewerage Commissions. 



The Estabrook Park reach of the Milwaukee River is shown in 
this photo prior to the construction of the Estabrook Park Dam in 
1940. A swimming beach is evident at the bottom of the photo, and 
as in the case of the swimming beach at Lincoln Park shown in 
another photo reproduced in this chapter, is indicative of a water 
use no longer safe in this reach of the Milwaukee River. The de. 
velopment of park lands in the floodplains of the river in this 
reach represents sound land use development, in direct contrast to 
the residential floodplain development evidenced in other photos 
reproduced in this chapter. 

Photo Courtesy of Me  Milwaukee County Park Commission 

River were subjected to very high water levels, 
a s  evidenced by reported high water marks. At 
the peak flood stage at the W. Silver Spring Drive 
crossing, the water level in the r iver reached 
a height of 627.9 feet above mean sea level, o r  
approximately 11 feet above normal stage, and 
only about 2.4 feet below the crown of the road 
over the bridge!' In their 1964 report, the 
U. S. Army Corps of En@jneers estimated that, 
had 1964 land use conditions prevailed in 1924, 
about 78 homes would have been flooded within 
this reach. Much of the damage potential in this 
reach has been eliminated, however, by chan- 
nel improvements carried out between Lincoln 
Park and N. Port Washington Road in 1937. 
These improvements consisted of cutting a new 
channel through the oxbow bends in the park, 
thereby improving the alignment of the channel 
and increasing i t s  capacity (see Figure 32). If the 
1924 flood occurred under present improved river 
channel and land use development conditions, the 
flood stage at W. Silver Spring Drive would be 
expected to be about five feet lower than the stage 
experienced in 1924; and none of the 78 residences 
located in the original floodplain in this reach 
would be flooded. 

Basement flooding has also been experienced in 
the past along this reach of the Milwaukee River 
due, however, to storm water drainage problems 
not directly related to the flood stages of the Mil- 
waukee River. Remedial measures have been 

"The roadway elevation of the present bridge carrying 
Silver Spring Drive over the river is at elevation 631.1 mean 
sea level datum, or only 0.8 foot above the roadway elevation 
of the old bridge which crossed the river at this same loca- 
tion in 1924. 

taken by the Department of Public Works of the 
City of Milwaukee to alleviate the surface drainage 
problems causing this basement flooding. 

toric flood damam has been freauent and exten- 
sive in this %;-mile reach o f  the Milwaukee 
River, extending from W. Silver Spring Drive in 
the City of Glendale to one-quarter mile south of 
W. Bradley Road in the Village of River Hills. 
Estimated total flood damages in this reach for  
the 10-year recurrence interval flood under pres- 
ent (1967) land use conditions a r e  approximately 
$62,200, o r  19 percent of the total 10-year flood 
damages in the watershed, with approximately 
$17,000 worth of flood damages being incurred by 
residences in the "Sunny Point Lane peninsula" 
area, where, in the 1960 flood, two homes each 
received about $3,000 in flood damages. 

Certain portions of this reach, however, are not 
subject to serious flood damages, since two miles, 
o r  27 percent of the r iver shoreline in this reach, 
a r e  in park o r  parkway use. The 1960 spring flood 
in this reach, however, caused damages to parking 
areas,  roads, and large sections of lawn area in 
Kletzsch Park totaling $8,000. This total could 
have been much larger, however, had there been 
urban development located on the site of Kletzsch 
Park. North of Kletzsch Park several homes 
damaged in the 1960 flood have been removed a s  
a result of the construction of W. Good Hope Road 
(CTH PP), including a new bridge across the Mil- 
waukee River. 

Flood damages in this r iver reach increase rapidly 
with relatively small .increases in r iver stage. 
The portions of the reach which are sensitive to 
r iver stage fluctuation a r e  along the west side of 



The "Sunny Point Lane peninsula" area in the City of Glendale 
has received freouent and extensive historic flood damane. In the 

1 1960 flood shown' in thts ~hoto, two homes in this area eaih rewrt- 
ed damages of about $3,000. The hardship, inconvenience, and men- I tal anguish suffered bv residents of areas alonn the Milwaukee 
River, i u c h  as this, to'say nothing of economic loss, could have 
been avoided had sound land use controls prohibiting residential 
development on natural floodplains been instituted prior to de. 
velopment 

Photo Courtesy of The Milwaukee Sentinel 

Figure 32 
HISTORIC CHANNEL ALIGNMENT IN LINCOLN PARK 

Much of the flood damage potential in that reach of the Milwaukee River extending from Estabrook Park to Silver Spring 
Drive has been eliminated by channel improvements carried out behveen Lincoln Park and N. Port Washington Road in 1937. 
The historic oxbow bends in the River, as shown in the above map and photos, caused numerous ice jams during flood events, 
thus creating very high water levels. The top photo, probably taken in the early 1930's, shows the easterly oxbow looking 
northerly from Lincoln Park. A bathing beach, piers, bathhouse facilities, and swimmers are evident in the lower right 
hand corner of the photo, evidencing a use of the Milwaukee River no longer considered safe. The bottom photo, taken in 
1925, shows the two oxbows looking westerly from Lincoln Park. The approximate centerline of the present alignment of 
the Milwaukee River, which eliminated the oxbows and created islands, is shown on the map at left. Such channel improve- 
ments can relieve flooding in very limited reaches of a river but have limited applicability for a watershed as a whole since 
such improvements increase downstream flood flows and stages. 

Source: Map adapred from The Milwaukee River Basin, Wisconsin Stale Planning Board Bullelin No. 10, -Iune 
1940. Photos courtesy of the Milwaukee County Park Commission. 



the river from W. Silver Spring Drive north to 
W. Good Hope Road and along the east side of 
the river from Bender Road to about one mile 
upstream. It is estimated that 342 homes would be 
inundated if the 1924 flood occurred under present 
land use conditions in this reach. The 1960 flood 
damaged only 22 homes in this reach. Because of 
several very sharp bends in this reach of the 
river, ice jams may cause flood stages higher 
than those indicated by stage-discharge relation- 
ships for this reach. 

Urban development has continued on the floodlands 
in this reach, despite the 1924 and even the 1960 
floods. Map 41 shows a portion of this reach as 
development existed in the late 1930's. The 1924 
flood has been superimposed on this map to show 
the extent of inundation. Map 42 shows the same 
area as development presently (1969) exists and 
shows also the extent of inundation of the 10-year 
and 100-year recurrence interval floods. 

River Hills and Brown Deer, One-Quarter Mile 
South of W. Bradley Road to the Ozaukee County 
Line (Reach Numbers 3 and 4): Historic flood 
damage has been frequent but moderate in this 
3.3-mile reach of the Milwaukee River, extending 
from one-quarter mile south of W. Bradley Road, 
through the Villages of Brown Deer and River 
Hills, to the Ozaukee County line. Indian Creek, 
which is about 1.9 miles in  length from its conflu- 
ence with the Milwaukee River in the Village of 
River Hills to approximately the 8000 block of 
N. Port Washington Road in the Village of Fox 
Point, flows into this reach of the Milwaukee 
River. There is no reported flood damages along 

Indian Creek. Private-sector damages have been 
the largest single flood loss in the reach. Only 
one home experienced damage as a result of the 
1960 spring flood, and the monetary cost was not 
reported. The 1959 flood, however, which was of 
a slightly smaller magnitude than the 1960 flood, 
caused damages totaling $4,500 in this reach, with 
one house receiving $3,700 worth of damages. 
Since this reach i s  susceptible to ice jams due to 
the presence of river bends and islands, this dif- 
ference in the flood damages between 1959 and 
1960 floods was probably caused by ice jams 
rather than the discharge-related stage. Portions 
of this reach of the Milwaukee River are protected 
somewhat from extensive flood damages, since 
one mile, o r  15.1 percent of the river shoreline in 
this reach, i s  in park or  parkway use. 

The majority of residences along this river reach 
are located well above any major flood stage; and 
it is, therefore, estimated that only 10 homes 
would be flooded under present conditions by the 
100-year recurrence interval flood. The 100- 
year recurrence interval flood would also flood 
W. Brown Deer Road and N. Range Line Road, but 
the depth of flooding would not close these roads 
to traffic. 

Mequon, Ozaukee County Line to CTH C (Reach 
Numbers 5, 7, and 81: Historic flood damage has 
been quite extensive in this 10-mile reach of the 
Milwaukee River, extending from the Ozaukee 
County line to CTH C, all within the City of 
Mequon and excluding the Village of Thiensville. 
Private-sector damages have been the largest 
single flood loss in this reach. Total flood 

Street intersections and walkways located in natural floodplains 
are subject to frequent, sometimes yearly, inundation. This 'photo 
of an urbanizing area in the City of Mequon along the Milwaukee 
River was taken in March 1963, a year in which flooding was not 
particularly severe. Such flooding not only constitutes a hazard 
to public safety but also a hazard to public health. 

Photo Courtesy of The Milwaukee Journal 



Map 41 
FLOOD INUNDATION MAP 

PORTION OF THE CITY OF GLENDALE 
1924 FLOOD 

LEQEND 
HISTORIC FLOOD INUNDATION LINE FOR THE 4924 FLOOD, 
A 77-YEAR RECURRENCE INTERWL EVENT, WHICH HAD 
A PEAK DISCHAROE OF ICIOOO CFS ON AUQUST 6 AND AN 
AVERAGE DAILY D~SCHARCE ON THAT PEAK DAY OF 14.m c ~ s ,  
STRUCTURE LOCATED I N  FLOODLANDS 

The Glendale reach of the Milwaukee River has experienced frequent and extensive flooding. A portion of this reach as it 
existed in 1936 is shown on the historic map reproduced above. The extent of inundation of the 1924 flood has been superim- 
posed on the 1936 land use conditions shown on the map. This same area as it exists today is shown on Map 42. I t  is evi- 
dent that the known flood hazard provided no deterrent to continued urban development in the floodplains of the River. 

Source: Adapted from The Milwaukee River &in, Wisconsin State Planning Board Bulletin No. 10, June 1940. 



LEGEND 
10- YEAR RECURRENCE INTERVAL 'A FLOOD INUNDATION LlNE 

100-YEAR RECURRENCE INTERVAL 
FLOOD INUNDATION LlNE 

STRUCTURE LOCATED IN 
FLOODLANDS 

Despite major historic floods in 1918, 1924, 1939, 1959, and 1960, urban development has continued to occur on the natural 
floodplains of the Milwaukee River in the City of Glendale. Many of the homes shown on this 1969 map prepared by the 
Regional Planning Commission were constructed since 1960, the year in which the last major flood on the river occurred. 
If the 10- and 100-year recurrence interval floods were to occur today, it is estimated that 32 and 200 homes, respec- 
tively, in the area shown, would be subject to inundation. Because of rapid turnover in home ownership, many of the home- 
owners in this area contacted during the SEWRPC flood damage survey were unaware of the flood hazards to which their 
homes were subiect. 

Source: SEWRPC. 



damages in this reach for  the 10-year recurrence 
interval flood under present (1967) land use con- 
ditions a r e  approximately $146,000, o r  44 percent 
of total 10-year flood damages in the watershed. 
This 10-mile reach also sustains approximately 
64 percent of all residential flood damages along 
the Milwaukee River. 

Only 0.6 mile, o r  3.2 percent of the r iver shore- 
line in this reach, is in park o r  parkway use. 
Residential structures are  the primary type of 
urban land use development occurring on the 
floodplain, while agricultural uses and wetlands 
are  the primary type of rural  land use. 

Approximately 192 homes would be flooded in this 
reach if the 1924 flood occurred under present 
conditions, while about 123 homes would sustain 
damage during an event similar to the 1960 flood. 
A large number of homes which a re  susceptible to 
flood damage are located on W. Shoreland Drive, 
E. Shoreland Drive, Circle Drive, and Island Drive 
immediately south of CTH M. Depths of flooding 
in these homes would be a s  much a s  five feet over 
the first-floor level during a 100-year recurrence 
interval flood. It i s  estimated that STH 167 would 
be closed for 33 hours and, CTH M would be 
closed for 53 hours during a 100-year recurrence 
interval flood; however, these two roads would 
not be closed during a flood similar to the 1960 
flood event. 

Village of Thiensville (Reach Number 6) : Historic 
flood damage has been extensive in this 1.6-mile 
reach of the Milwaukee River in the Village of 
Thiensville and in that portion of Pigeon Creek 
affected by the backwater of the Milwaukee River. 
Pigeon Creek i s  2.4 miles in length and flows into 
the Milwaukee River at Thiensville, with its head- 
water area located in the northwestern part of the 
City of Mequon. The public-sector flood cost has 
been high in Thiensville compared to other river 
reaches due to the recognition by the Village 
that repair of the Thiensville Dam is sometimes 
required following a major flood. Repairs cost- 
ing $5,800 were made to the Dam following the 
1959 flood. 

Portions of this reach are protected from exten- 
sive flood damage, since 0.4 mile, o r  25 percent 
of the river shoreline in this reach, i s  in park 
o r  parkway use. The remaining 1.2 miles, o r  
75 percent of the r iver shoreline,arein some form 
o r  urban land use, with some scattered empty 
lots remaining. 

Both residential and commercial structures a r e  
located on the floodplain in Thiensville. It is esti- 
mated that about 40 homes and 40 commercial 
establishments experienced flooding during the 
1924 flood. During the 1960 flood, however, only 
eight homes and nine commercial establishments 
experienced flooding. No major new development 
on the floodplain is expected in ~hiensvi l le  ,I5 but 
increasing property values and improvements to 
existing properties could contribute to a small, 
steady increase in flood damage potential. It i s  
interesting to note that many of the older com- 
mercial establishments built shortly after the 
1918 and 1924 floods have first-floor elevations 
about two feet above ground level (ground level 
being about 660 feet above mean sea level), while 
many of the newer commercial establishments 
have first  floors built at ground level. 

Grafton, CTH C to the Saukville Town Line (Reach 
Numbers 9. 10. and 11): Historic flood damage , . - 
has been occasionally extensive in this 8.4-mile 
reach of the Milwaukee River from CTH C on the 
City of Mequon-Town of Cedarburg line to the 
Saukville Town line. Cedar Creek, 31.5 miles in 
length from i ts  confluence with the Milwaukee 
River in the Town of Cedarburg to i t s  source in 
Big Cedar Lake in the Towns of Polk and West 
Bend in Washington County, flows into this reach 
of the Milwaukee River. Private-sector damages 
in this reach for the 10-year recurrence interval 
flood under present (1967) land use conditions a re  
$10,300, o r  3 percent of the total 10-year flood 
damages in the watershed. Only 0.4 mile, o r  
2.3 percent of the river shoreline in this reach, 
is in park o r  parkway use. 

Cedar Creek enters the Milwaukee River in the 
downstream portion of this reach and, therefore, 
has little effect on the overall flow of the river 
within this reach. The Village of Grafton, with 
two dams located inside the village limits and one 
dam located just south of the village limits, i s  
located in the middle of this reach. Even though 
these dams each have a head loss of 10 feet o r  

In 1970 a proposal was made to construct a new U. S. 
Post Office in the floodway and floodplain of the Milwaukee 
River in the Village of Thiensville. f i e  site was located along 
the river on the east side of STH 57 and adjacent to the south 
corporate limits of the Village. This proposal was objected 
to by the Regional Planning Commission in a letter dated 
February 6, 1970, and addressed to Mr. Kenneth Backstrom, 
Chief; Engineering Branch, U. S. Post Office Department, 
Minneapolis Regional Office. 



more, they have very little, if any, effect on flood 
flows, since the dams cannot beregulated for flood 
control purposes. 

North of the Village of Grafton, in the upper part 
of this reach, most residential development along 
the river is located on the west side, with pri- 
marily farmland occupying the east side. Along 
the west side of the river is located Edgewater 
Park Subdivision, portions of which have experi- 
enced historic flood damage. The subdivision is 
located on a peninsula which i s  formed by a sharp 
bend in the river where ice jams form and cause 
the river to flow directly across this peninsula. 
Several of residences have been flood-proofed 
by being raised onto additional tiers of con- 
crete block, while a two-foot high concrete block 

floodwall has been constructed completely around 
another house in this subdivision. 

This reach of the river does experience damage 
during moderate-sized floods, such as those which 
occurred in 1959 and 1960. Two homes would be 
flooded during a 1960 flood event, and i t  i s  esti- 
mated that 19 homes would be flooded during an 
equivalent 1924 flood event under existing land 
use conditions. 

waukee River from the Saukville Town line to 
approximately four miles north of the Village of 

Historic flood damage has been extensive in the Saukville reach of the Milwaukee River, including large public-sector 
damages to repair transportation facilities. This photo shows the extent of flooding in the spring of 1960 in the Village of 
Saukville itself. 

Photo courtesy of Wisconsin Department of Natural Resources 



Saukville in the Town of Saukville. Public-sector 
damages have been the largest single flood loss 
in this reach. The intersection of STH 57 and 
STH 33 in the Village of Saukville and the roadbed 
of STH 57 north of the Village were flooded during 
both the 1959 and 1960 flood. As a result of the 
1960 flood event, $30,000 was spent to repair 
these roads following the flood. Private-sector 
losses for a 10-year recurrence interval flood 
under existing (1967) land use conditions would 
total about $15,700, or  5 percent of the total flood 
damages for the watershed. 

Only 0.8 mile, o r  6.0 percent of the r iver shore- 
line, i s  in either park o r  parkway use. The 
remaining 12.4 miles, 94.0 percent of the r iver 
shoreline, are  in either urban o r  agricultural use. 

At the Village of Saukville, the Milwaukee River 
makes a sharp bend, forming a peninsula where 
ice jams form and cause the water to back up and 
flow over the peninsula. This peninsula consists 
primarily of wetlands and i s  not, therefore, sub- 
ject to flood damages. Adjacent residences have 
experienced lawn damage in past floods; how- 
ever,  no monetary losses were reported. About 
99 homes could be expected to be flooded, if the 
1924 flood recurred under present land use condi- 
tions, while only seven homes would be flooded 
during a 10-year recurrence interval flood. 

Within one mile of the village's northern limits lie 
two large islands in the river which also cause ice 
jams to form, resulting in water backing up and 
flowing over the banks and causing lawn damage 
to several residences located along CTH 0. On 
several occasions the residents of this area have 
cleared the brush from these islands to facilitate 
the flow of the river during periods of high water. 

Waubeka, Approximately Four Miles North of the 
- 

Village of Waubeka (Reach Number 14): Historic 
flood damage in recent years has been relatively 
small in this 4.0-mile reach of the Milwaukee River 
from approximately four miles north of the Village 
of Saukville through the unincorporated Village of 
Waubeka in the Town of Fredonia. Private-sector 
damage has been the largest single flood loss il 
this reach. The only portion of this reach which 
has historically received flood damage i s  the unin- 
corporated Village of Waubeka. However, there 
was no report of damage as  a result of the 1959 
o r  1960 flood event. Private-sector losses for 

a 100-year recurrence interval flood under present 
(1967) land use conditions would total approxi- 
mately $74,500. Portions of this reach a re  pro- 
tected somewhat from extensive flood damage, 
since 1.6 miles, o r  20.0 percent of the river 
shoreline in this reach, are  in park o r  park- 
way use. 

From the Village of Waubeka to the Headwaters 
and All Tributaries of the Milwaukee River: No 
significant recent flood damage has been known to 
occur to residences along the remaining portion of 
the main stem of the Milwaukee River o r  along 
any of the major tributaries. Minor flood damage 
to industrial plants, bridges, livestock, and crops 
was reported, however, during the 1924 flood. It 
was reported that the old "Plating Mill" of the 
West Bend Company in the City of West Bend was 
flooded to a depth of three feet in 1924; however, 
no monetary cost estimates were available for 
the 1924 flood in this area. The West Bend City 
Engineer's office reported that a small culvert 
and roadway on Silver Creek were washed out in 
1924 but not replaced. 

ANNUAL RISK OF FLOOD DAMAGE 

Annual flood-damage risk i s  defined a s  the sum 
of the damage costs of floods of all probabili- 
ties, each weighted by i ts  probability of occur- 
rence. Thus, the 10-year flood damage i s  weighted 
10 percent; the 50-year, 2 percent; and the 100- 
year, 1 percent. Determination of annual flood- 
damage risk, associated with existing conditions 
and with each alternative watershed development 
plan, i s  an essential basis for the comparison of 
the flood protection benefits of each alternative 
plan and for sound economic analyses of flood 
protection measures. A summary of the estimated 
average annual flood-damage risk for present day 
land use development conditions and for 1990 con- 
ditions of uncontrolled land use development i s  
presented in Table 46. 

Stage-Damage Curves for Residences 
The relationship between flood-damage costs and 
stage i s  defined by a stage-damage curve. As 
already noted, tables of flood damage costs that 
might be sustained by residences with a range of 
market values and with different depths of flooding 
have been developed by the U. S. Soil Conservation 
Service (SCS). These tables were used to prepare 
stage-damage curves for residential properties 
located in each reach of the main stem of the Mil- 
waukee River. 
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The 100-year flood profile was used as the 
base level for estimating damages, and additional 
damage values were estimated for flood levels 
differing from the 100-year levels in one-foot 
increments. To permit identification of struc- 
tures subject to flooding, inundation lines for the 
synthesized 100-year flood event were drawn on 
1" = 20001 scale, 10-foot contour interval and, 
where available, 11' = 100' scale, 2-foot contour 
interval topographic maps. Aerial photographs 
flown in 1967 by the Commission were used to 
confirm the locations and numbers of structures 

on the floodplain. The depth of flooding and the 
market value of every flooded home were esti- 
mated, and damages were determined for the 
households using the SCS damage tables. 

To aid in estimating the market value of a home, 
assessed market values were obtained for several 
areas  from tax assessors;  and these values were 
adjusted to current market values. Information 
concerning the percent of homes with basements 
and the distribution of the levels of the f irst  
floors above ground level were obtained from the 
SEWRPC flood damage survey reports. 

The stage-damage curves prepared under the 
watershed study a re  shown in Appendix F of this 
volume and represent 1967 land use conditions for  
each of 14 river reaches along the main stem of 
the Milwaukee River, a s  shown on Map 40. The 
criteria governing the selection of the river 
reaches included: a relatively uniform character 
of land use, relatively uniform hydraulic charac- 
teristics, and a relationship to the location of 
possible flood control structures. 

The curves indicate whether or  not the damages in 
some reaches a re  particularly sensitive to small 
changes in stage within the range of the 100-year 
flood levels. Damages in Reach Number 2, for 
example, increase by 270 percent between stages 
one-half-foot below the 100-year stage and one- 
half-foot above the 100-year stage. Overall flood- 
damage estimates a re  not as  sensitive, however, 
since the damages in this reach constitute only 
about 30 percent of the residential damages esti- 
mated for the watershed. About 35 percent of the 
estimated residential damages occur in Reach 
Numbers 7 and 8. In these reaches the curves 
a r e  relatively insensitive to stage changes, with 
increases of only 47 and 53 percent, respectively, 
with the one-foot change in stage described above. 

Damage-Frequency Curves 
The frequency of a specific flood-damage total can 
be derived by combining stage-damage curves and 
stage-frequency curves. Depths of flooding along 
the entire r iver system for floods with lo-,  25-, 
50-, and 100-year recurrence intervals were 
determined by use of the flood simulation model, 
as  described in Chapter XI1 of this volume, "River 
Performance Simulation." These stage and dis- 
charge values were used to convert previously 
established stage-discharge curves to stage-fre- 
quency curves for each of the 14 damage reaches. 



The damage frequency curves prepared under the 
watershed study for all of the 14 reaches of the 
Milwaukee River a re  shown in Appendix G of 
this volume. 

As a test of the validity of the synthesized damage- 
frequency curves, flood damages were determined 
for historic flood events, with present day condi- 
tions, and then compared with damage values 
determined during the flood-damage surveys. The 
simulated damages were generally found to differ 
somewhat from the reported historic damages. 
When the probable effects of ice jams, changes in 
property values, and increased numbers of struc- 
tures located on the floodplain were evaluated, 
however, the differences all appeared to be 
reasonable. In some reaches minor adjustments 
of local water surface profiles and stage-damage 
curves were made to eliminate differences judged 
to be reasonable in light of changes in r iver flow 
regimen o r  development. 

The area under the damage-frequency curve for 
each river reach is equal to the annual flood- 
damage r isk  in that reach. Total annual residen- 
tial flood-damage risk along the main stem of the 
Milwaukee River is $94,120 for 1967 conditions 
and $126,290 for 1990 conditions under pro- 
jected uncontrolled development trends. Estimated 
values for the individual reaches a re  shown in 
Table 46. The total annual flood-damage r isk  
along the Milwaukee River main stem is $119,020 
for 1967 conditions and $159,890 for 1990 con- 
ditions under projected uncontrolled develop- 
ment trends. 

The annual flood-damage r isk  for  1990 uncontrolled 
land use development conditions was obtained by 
adjusting the 1967 annual damages. Each reach 
was examined separately, and estimates were 
made of present and probable future development 
by quarter section. The percent of floodplain 
presently being used was estimated by examining 
1967 aerial photos and topographic maps. Future 
development was estimated by use of SEWRPC 
population forecasts for conditions of uncontrolled 
sprawl. If the forecasts indicated an increase in 
population, i t  was assumed that there would be a 

16 Includes $ 94,120 residential damages, $2,600 road-user 
damages, $5,700 commercial damages, and $16,600 public- 
sector damages. 

"includes $ 126,290 residential damages, $3,800 road-user 
damages, $5,700 commercial damages, and $24,100 public- 
sector damages. 

corresponding increase in development. It was 
also assumed that the annual flood damage would 
increase at the same rate as the development of 
the floodplain. Therefore, if the floodplain devel- 
opment was expected to increase by 30 percent, 
the 1967 average annual damage was expected to 
increase by 30 percent by 1990. 

SUMMARY 

An understanding of the interrelationships that 
exist between the flood characteristics of the 
major stream system of a watershed and the 
urban and rural land uses to which the riverine 
areas of the watershed a re  put is fundamental 
to any comprehensive study of a watershed. This 
chapter, therefore, has described the hydrologic 
factors that have contributed to historic flooding 
in the Milwaukee River watershed and the mone- 
tary losses that have accrued to the watershed 
from this flooding a s  a direct consequence of 
unnecessary occupation of the floodplain by flood- 
vulnerable land uses. 

The watershed, while having a history of rela- 
tively frequent minor flooding, has experienced 
five major floods in recent times. The most 
recent of these floods occurred in March-April 
of 1960, due to a combination of heavy rainfall 
and rapid snowmelt, and was a flood having an 
approximately 10-year recurrence interval. Other 
major significant flood events which have occurred 
over the watershed occurred in March 1959, 
March 1929, August 1924, and March 1918. The 
August 1924 flood was the result of a high-inten- 
sity thunder shower storm centered approximately 
over the City of West Bend and was a flood having 
a 77-year recurrence interval. 

The Commission conducted a comprehensive sur- 
vey of historic flood damages in the watershed in 
the summer of 1968. In order to assess the his- 
toric damage to private property, the survey 
included actual on-site personal interviews with 
262 homeowners and occupants, 11 owners or  
managers of commercial properties, and 48 farm- 
owners o r  operators. The survey also included an 
assessment of historic damage to public property 
through mail questionnaires addressed to appro- 
priate officials of all of the local units of govern- 
ment in the watershed, of certain federal and 
state agencies of government, and of public util- 
ity and railroad companies operating within the 
watershed. The flood-damage survey revealed 
that, if the March-April 1960 flood on the Mil- 



waukee River and i t s  major tributaries were to 
recur under present (1967) land use conditions, 
i t  would cause monetary damages totaling about 
$334,800, expressed in 1969 dollars, about 78 per- 
cent of which would be incurred by private owners 
and 22 percent, by public o r  quasi-public agencies. 
If a 100-year recurrence interval flood were to 
occur which, as noted above, would be a flood of 
slightly greater magnitude than the 1924 flood 
(77-year recurrence interval), it would cause 
monetary damages totaling about $1. 8 million. In 
the absence of sound regulations for floodland 
development in the watershed by the local units 
of government responsible for such regulations, 
these damages could be expected to increase to 
$485,000 and $2,200,000, respectively, by the 
year 1990. 

The reaches of heaviest potential residential flood 
damages along the Milwaukee River for the 10- 
year recurrence interval flood a re  in the City of 
Glendale, from W. Silver Spring Drive to one- 
quarter mile south of W. Bradley Road, where 
residential damages from a 10-year recurrence 
interval flood could be expected to exceed $54,000, 
o r  16 percent of the total flood damages throughout 
the watershed; in the City of Mequon, from County 
Line Road to STH 167, where such residential 
damages could be expected to exceed $35,000, or  
10 percent of the total flood damages; in the reach 
from STH 167 to the south line of Section 18, Town 
9 North, Range 21 East, where such residential 
damages could be expected to exceed $70,000, or  
21 percent of the total watershed damages; and 
from the south line of Section 18 to CTH C, 
where residential damages would be expected to 
exceed $40,000, o r  12 percent of the total dam- 
ages throughout the watershed. These four river 
reaches, having a total length of about 13.7 miles, 
would total $199,600, o r  88 percent of the total 
residential damages, and $208,400, o r  62 percent 
of all of the anticipated total damages caused by 
a 10-year recurrence interval flood within the 
watershed under existing land use conditions. 

The same four reaches could be expected to 
experience a total of $585,000, $204,000, $219,000, 
and $182,000 in flood damages, respectively, if 
a 100-year recurrence interval flood were to 
occur within the watershed under present land use 
conditions, and would thus represent more than 
one-half of the estimated $1,837,000 in damages 
which would result from such a flood. 

No flood damages should be incurred from either 
the 10- or  the 100-year recurrence interval floods 
in that reach of the river below the North Avenue 
Dam in the City of Milwaukee. The channel sec- 
tion in this reach is able to pass the 100-year 
recurrence interval flood with only minor local 
overbank flooding. 

As a basis for the comparison of flood protection 
benefits of alternative plan elements and for the 
economic evaluation of flood protection measures, 
the annual r isk of flood damage within the water- 
shed was calculated. The annual r isk of flood 
damage under 1967 land use conditions was esti- 
mated to be $119,000. Significantly, the annual 
r isk of flood damage was estimated to increase to 
$160,000 by 1990, or  by 35 percent, should the 
uncontrolled use of the floodplain areas be allowed 
to continue. 

Urban land use development within the floodplains 
of the watershed has greatly increased during the 
past 25 years. Most of this urban land use 
developed has occurred in the reaches of the 
river near the Milwaukee-Ozaukee County line and 
through the City of Mequon. A relatively large 
new subdivision has been constructed in the flood- 
plain within the City of Mequon since the 1960 
flood occurred. If such unwise and unnecessary 
development is to be avoided, a greater public 
awareness of the concomitant flood damage risks 
is needed. 



 

 

(This page intentionally left blank) 



Chapter IX 

SURFACE WATER QUALITY AND POLLUTION 

INTRODUCTION 

The term "water qualityy1 refers to the physical, 
chemical, and bacteriological characteristics of 
water. Water quality is determined both by the 
natural environment and by the activities of man. 
The uses which can be made of a particular water 
are  significantly affected by i ts  quality, and each 
potential use requires a certain level of water 
quality. Since the activities of man in a particular 
area affect, and are affected by, water quality in 
that area, any comprehensive watershed planning 
effort must include an evaluation of present and 
anticipated future conditions of water quality and 
of the relationship of water quality to existing and 
probable future land and water uses. 

The term llpollutionll is often defined as the pres- 
ence of any substance or  the existence of any 
condition in water that tends to degrade i ts  quality 
to such an extent as to constitute a hazard o r  to 
impair i ts  usefulness. Such a definition, however, 
does not consider the source of the polluting sub- 
stance, which may significantly affect the meaning 
and use of the term. For the purpose of this 
report, the causes of pollution are considered to 
be exclusively related to human activity. Thus, 
any substance present in such quantities as to 
adversely affect certain beneficial water uses but 
derived from natural sources would not be herein 
defined as pollution but would constitute a natural 
condition that impairs the usefulness of the water. 

Before the intensive settlement of the watershed, 
water quality in the Milwaukee River basin pre- 
sented no significant problem for any water uses. 
Drainage from a few large marsh areas undoubt- 
edly caused some periodic natural degradation of 
stream water quality; but, in general, the quantity 
of this drainage was relatively small in compari- 
son to the total quantity of surface water available 
for dilution. As population increased and portions 
of the watershed became urbanized, the quality of 
the surface water was steadily degraded; and, at 
present, serious water quality problems exist 
within the watershed. Some of the lakes within the 
watershed are also presently experiencing water 
quality problems and related problems of prolific 

algae and other aquatic plant growth. As popula- 
tion levels and urban land uses increase within 
the watershed, water quality will continue to be 
degraded; and future levels of water quality, in 
the absence of a water quality management plan 
and its implementation, may be expected to 
impose serious restrictions upon most beneficial 
uses of the surface waters in major portions of 
the Milwaukee River watershed. 

WATER QUALITY PARAMETERS 

There are literally hundreds of water quality 
indicators, or  "parameters ," available for mea- 
suring and describing water quality. A list of 
these parameters would include all of the physical 
and chemical substances in solution or suspension 
in water, all the macroscopic and microscopic 
biological organisms in water, and the physical 
characteristics of the water itself. Only a few of 
these hundreds of parameters, however, are  nor- 
mally useful in the evaluation of natural surface 
water quality or  as indicators of pollution. Eight 
parameters were selected for use in the evalua- 
tion of the water quality of the lakes and streams 
of the Milwaukee River watershed: dissolved 
oxygen, biochemical oxygen demand, coliform 
bacteria, chlorides, nitrogen, phosphorus, tem- 
perature, and aquatic organisms. 

Dissolved Oxygen 
The dissolved oxygen (DO) concentration is often 
considered to be the single most important indi- 
cator of surface water quality. Low dissolved 
oxygen concentrations in surface waters contri- 
bute to an unsuitable environment for fish and 
other desirable forms of aquatic life; and the 
absence of dissolved oxygen leads to a septic con- 
dition, with i ts  associated foul odors and unpleas- 
ant appearance. The maximum possible dissolved 
oxygen concentration varies inversely with the 
water temperature. The highest saturation level 
i s  14. 6 milligrams per liter (mg/l), which occurs 
at 32OF (O°C) and decreases to 8.4 mg/l at 77OF 
(250C) and to lower levels at still  higher tempera- 
tures. Major sources of dissolved oxygen in sur- 
face waters are the atmosphere and aquatic plant 
life. Large reductions in dissolved oxygen content 



are  caused by microorganisms utilizing oxygen in 
the process of decomposing organic wastes. In 
addition, algae and other aquatic plants may cause 
both large increases and decreases in the dis- 
solved oxygen concentration of surface waters, as 
these plants produce oxygen through photosynthetic 
processes during the daylight hours and consume 
oxygen at night. This diurnal variation of dis- 
solved oxygen often produces unfavorable effects 
on desirable forms of aquatic animal life. 

The minimum dissolved oxygen concentration that 
should be maintained in a stream is dependent 
upon the desired uses of the stream. In order to 
prevent the development of anaerobic conditions in 
a stream, a dissolved oxygen concentration of at 
least 1.0 mg/l should be maintained. For a 
stream to support a varied and healthy fishery, 
the dissolved oxygen concentration under average 
conditions should remain at o r  above 5.0 mg/l. 
Concentrations of 3.0 mg/l or  less are regarded 
as hazardous or  lethal to fish life. 

Biochemical Oxygen Demand 
The biochemical oxygen demand (BOD) is a mea- 
sure of the amount of oxygen consumed during a 
given period of time and at a given temperature by 
aerobic bacteria in the process of decomposing 
organic material. The time and temperature nor- 
mally used as a standard of measurement are five 
days and 2 0 ' ~  (68'~). BOD i s  expressed as  the 
concentration of oxygen-consuming organic mate- 
rial present in milligrams per liter (mg/l) o r  as 
the total amount present, in pounds, in a given 
body of water. BOD i s  a measure of the potential 
decrease in dissolved oxygen concentration and 
thus indirectly affects the usefulness of a water. 
The actual decrease in dissolved oxygen below an 
organic waste discharge i s  dependent upon the 
amount of BOD in the stream, the rate at which 
the BOD is  exerted, and the dissolved oxygen con- 
tent and reaeration characteristics of the stream. 
A knowledge of these factors i s  important in water 
quality studies in order to determine whether a 
waste discharge will deplete oxygen levels to such 
an extent that the suitability of the water for cer- 
tain uses will be impaired. 

Coliform Bacteria 
The number of coliform bacteria in a particular 
water is the most widely used indicator of pos- 
sible fecal contamination. Coliform bacteria are 
easily detected and apparently harmless micro- 
organisms which occur in extremely large con- 
centrations in the intestinal tracts of man and 

warm-blooded animals, along with pathogenic 
(disease-producing) bacteria. Therefore, the 
presence of large numbers of coliform bacteria in 
a water is used as an indicator of the possible 
presence of enteric pathogens in that water, while 
the absence of coliform bacteria is used as an 
indicator of the probable absence of pathogenic 
bacteria. Coliform bacteria are also present in 
the soil, however, and, therefore, may originate 
from sources other than the human intestinal 
tract, so that a high coliform count is not neces- 
sarily indicative of fecal pollution. A high degree 
of correlation has been established between high 
coliform counts in drinking water and epidemics 
of water-borne diseases, such as typhoid; but, in 
waters used for recreational purposes, the corre- 
lation between high coliform counts and disease is 
not as well established. 

The Drinking Water Standards of 1962 of the 
U. S. Public Health Service limit the average 
monthly coliform concentration in treated drinking 
water to one organism per 100 ml  or  a membrane 
filter coliform count (MFCC) of one per 100 ml. 
In water used for recreational purposes, total 
coliform limits are  generally established on the 
order of 1,000 MFCC o r  less per 100 ml for 
whole-body-contact recreation, such as swim- 
ming, and 5,000 MFCC o r  less per 100 ml for 
partial-body -contact recreation, such as boating. 

Although the use of fecal coliform counts is a 
newer technique to determine water quality, no 
official standards for water uses have as yet been 
adopted based upon fecal coliform counts; more- 
over, no historic data would be available as a 
bench mark against which to monitor and evaluate 
changes now and in the future. The Wisconsin 
Department of Natural Resources has indicated 
that a geometric mean fecal coliform count for 
full-body-contact recreation of not more than 
200 MFFCC per 100 ml and a maximum count not 
exceeding 400 MFFCC per 100 ml more than 
10 percent of the time might be considered as 
a future standard. 

Chlorides 
Chlorides are present in practically all surface 
and ground water, since the chlorides of calcium, 
magnesium, potassium, and sodium are readily 
soluble in water. The source can be the natural 
environment, specifically the leaching of minerals 
by ground water movement and surface runoff, 
o r  induced through human activities, including 
domestic and industrial waste discharges, agri- 



cultural drainage, and application of salts to roads 
for winter maintenance. During the period of time 
that the flow of a stream is sustained exclusively 
by ground water seepage, the prevailing chloride 
concentration is usually referred to as the back- 
ground concentration. This background concen- 
tration is  on the order of 5 to 10 mg/l in streams 
of the Milwaukee River watershed, although a 
measurement of 0 mg/l was recorded by the Com- 
mission for a sample taken in August 1964 near 
Kewaskum. Concentrations higher than the back- 
ground amount chloride concentration indicate the 
influence of human activities on water quality. 
Chlorides in surface waters are  generally not 
harmful to humans unless concentrations in ex- 
cess of 1,000 mg/l are  reached. Concentrations 
on the order of 250 to 400 mg/l, however, impart 
a salty taste to water, render i t  unsuitable for 
many industrial uses, and inhibit the growth of 
certain aquatic plants. Certain industrial uses 
may be affected by chloride concentrations as low 
as 30 mg/l. 

Nutrients 
Fertilization of a body of water is brought about 
by an inflow of nutrients to the water. While a 
limited amount of fertilization is desirable to pro- 
duce a balanced aquatic flora and fauna, excessive 
fertilization produces large growths of aquatic 
weeds and organisms which choke out desirable 
forms of aquatic life, limit recreational activities, 
and create an aesthetic nuisance. The nutrients 
most often cited as causing problems of overfer- 
tilization are  nitrogen and phosphorus compounds. 
A comprehensive study of southern Wisconsin 
lakes has indicated that the approximate threshold 
concentrations for algal blooms in these lakes are  
0.3 mg/l inorganic nitrogen and 0.015 mg/l sol- 
uble phosphorus! These values are not neces- 
sarily applicable to other lakes, however, since 
the occurrence of nuisapce growths of algae and 
other aquatic plants depends on the physical char- 
acteristics and general environment of a lake, as 
well as on the concentrations of nutrients present 
in the lake. A recent report on water quality 
criteria2 contained guideline values of a maximum 

'sawyer, "Fertilization o f  Lakes bv Aaricultural and Ur- . - 
ban Drainage," Journal New England Water Works Associ- 
ation, Vol. 61, 1947. - 

2 ~ a t e r  Quality Criteria, Report of the National Technical 
Advisory Committee to the Secretary o f  the Interior, April 

of 0.10 mg/l total phosphorus in flowing streams 
and 0. 05 mg/l in streams entering lakes or  
reservoirs to prevent nuisance growths of aquatic 
plants. Similar criteria for nitrogen levels in 
streams are  not available. 

Temperature 
The temperature of water is important for many 
uses. It affects the taste of water, the value of 
water for certain industrial processes, the effi- 
ciency of treatment processes, and the suitability 
of the water as a habitat for aquatic life. Tem- 
perature changes in surface waters result from 
the natural environment and from waste dis- 
charges. In southern Wisconsin natural climatic 
temperature conditions do not raise water tem- 
peratures sufficiently high to affect significantly 
most uses of the water. Waste discharges, such 
as spent cooling water, however, can raise the 
temperature of surface waters sufficiently high to 
preclude other water uses. 

Other Aquatic Organisms 
A biological assay of a stream, lake, or  impound- 
ment provides a good indication of the prevailing 
level of water quality. Unpolluted waters usually 
support a large number of species of organisms 
but relatively few individuals of any particular 
species because of predation and competition for 
food and living space. Polluted waters are char- 
acterized by relatively large numbers of orga- 
nisms of a few pollution-tolerant species. Typical 
organisms found in polluted or dirty water are 
flatworms (Turbellaria), threadworms (Nema- 
todes), midges and wheel animalcules (Rotifera), 
and sometimes earthworms, if dead organic mat- 
ter  is available to them for food. The clean-water 
organisms, or less tolerant organisms, are  the 
Copepods, Crustacea, and moss animalcules (Bry- 
ozoa) and are  usually found in the cleaner recov- 
e ry  zones of a stream or lake. Thus, a biological 
survey and analyses will indicate those reaches of 
a stream which are relatively unpolluted, those 
which are polluted, and those which serve as 
intermediate recovery zones. 

Pesticides 
In nature the problem of pesticide contamination 
is greater than i t  is relative to man. The extent 
to which fish and wildlife populations have been 
affected by pesticides is largely unknown except 
for numerous obvious examples of mortality. 
However, the addition to water of any persistant 
chlorinated-hydrocarbon pesticide is likely to 
result in damage to aquatic life. Progressive 



damage often results in concentrations as these 
chemicals increase in the environment. The use 
of other kinds of chemical pesticides in or  around 
water may produce a variety of acute and chronic 
effects on fish and the res t  of the biota. Many 
pesticides are  resistant to degradation and inhibit 
productivity of phytoplankton and growth of mol- 
lusks. This makes them among the most harmful 
of all chemical wastes affecting marine organism. 

WATER QUALITY STANDARDS 

The uses to which a water can be put a re  signifi- 
cantly affected by its quality. Standards of water 
quality are  statements of the physical, chemical, 
and biological characteristics of the water that 
must be maintained if i t  is to be suitable for the 
specified uses. Pursuant to Section 144. 025(2)(6) 
of the Wisconsin Statutes, the Wisconsin Depart- 
ment of Natural Resources, on June 14, 1968, 
acted to adopt intrastate water quality standards 

for Wisconsin waters. These standards were 
formulated for the following major water uses: 
preservation and enhancement of fish life, recrea- 
tion, public water supply, and industrial and 
cooling water. In addition, certain minimum 
standards for all waters were specified. The 
adopted state standards a re  se t  forth in Table 47. 
Interim standards3 were formulated by the Com- 
mission on an advisory basis in 1964, four years 
prior to the adoption of the state standards. These 
interim standards were used in preparation of the 
Root River Watershed Plan. The two sets  of stan- 
dards are very similar; however, only the offi- 
cially adopted state standards have been used in 
the Milwaukee River watershed planning program, 
and any succeeding references to such standards 
in this report will refer  to the adopted state 

3 ~ e e  SEWRPC Technical Report No. 4, Water Quality and 
Flow of Streams in Southeastern Wisconsin, November 1966. 

TABLE 4 7  

' L I M I T S  ARE MAXIMUM P E R M I S S I B L E  VALUES. EXCEPT M I M I M U M  L I M I T S .  WHICH ARE D E N O T t D  81 THE S U F F I X  M. STANOARDS F O a  P H  HAVE A RANGE OF L I M I T I N G  VALUES. 

b ~ ~ ~ ~ ~ ~ ~ O ~  ADOPTED B Y  TH€ W I S C O N S I N  RESOURCE DEVELOPMENT BOARD ON JUNE 14 .  1 9 6 8  FOR WATERS OF WISCONSIN.  THE WISCOYSLY RESOURCE DEVELOPMENT BOARD HAS S I N C E  
B E E N  SUCCEEDED BY THE W I S C O N S I Y  NATURAL RESOURCES BOARD. 

'YHDLE-8001-CONTACT RECREATION REFERS TO SY lMMlNG.  WATER S K I I N G .  A a D  S K I N  D I V I N G .  

d ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ - ~ ~ ~ ~ ~ c r  RECREATIOY REFERS TO FISHING, BOATING. AND HUNTING. 

'ALSO. NOT L E S S  THAN 8 0  PERCENT S A T U R A T I O N  AND NO ABRUPT CHANGt  I N  BACKGROUND 8V MORE THAN 1 M G I L  AT ANY TIME. 

'ALSOI NOT L E S S  THAN 5 M G l L  D U R I N G  AT L E A S T  1 6  HOURS OF AYY 24-HOUR PERIOD.  

O N 0  STANDARD ESTABLISHED.  

h~~~~~~~~~~ CRITERIA L I S T ~ O  U N U ~ R  MINIMUM STANDPROS ANO ESTHETICS APPLY. 

'ALSO. NOT L E S S  THAN 2 - 0  M G I L  AS A D A I L Y  AVERAGE VALUE. 

I C O L I F D R M  NUMBER NOT TO EXCEED 5 .000  PER LOO ML AS P MONTHLY A R I T H M E T I C  AVERALE VALUE. NOR EXCEED T H I S  V A L U t  I N  MORE THAY 2 0  P t R C E N T  OF THE SAMPLES t X A M l N E 0  
D U R I N G  ANY MONTH. NOR EXCEED 2 0 . 0 0 0  PER 1 0 0  ML I N  MORE THAN 5 PERCENT OF THE SAMPLES. 

k A ~ l ~ H M ~ ~ I C  AVERALE OF l r 0 0 0  M F C C 1 1 0 0  ML OR L E S S  AND A MAXIMUM NOT EXCEEDING 2 . 5 0 0  M F C C l l O U  ML D U R I N G  RECREATION SEASON. A S A N I T A R Y  SURVEY AND/OR E V A L U A T I O N  TO 
ASSURE PROTECTION FROM F E C A L  P O L L U T I O N  I S  THE C H I E F  C R I T E R I O N  I N  O E T E R M l N l N G  RECREATIONAL S U I T A B I L I T Y .  

l ~ R ~ ~ ~ M ~ ~ ~ C  AVERAGE OF 5 . 0 0 0  M F C C l l O O  ML OR L E S S  AND NO MORE THAN 1 OF T H E  L A S T  5 SAMPLES t X C E E O l N G  2 0 . 0 0 0  H F C C l l O O  ML D U R I N G  R E C R t A T I O N  StASON. 

mALSD. NO CHANGE FROM BACKGROUND BV MORE THAN 5'F A T  ANY T I M E  NOR AT A HATE I N  EXCESS OF Z°F  PER HOUR. A U T H O R l Z A T I O Y  MUST B E  OOTAINEO FOR PROPOSE0 I N S T A L L A -  
1 l D N S  WHERE DISCHARGE OF A THtRMAL POLLUTANT MAY I N C R E A S E  THE YATURAL MAXIMUM TEMPERATURE OF A STREAM BY MORE THAN 3OF. 

"EXCEPT IN NATURAL W A T ~ R S  HAVING A PH OF LESS THAN 6.5 OR GREATER THAN 8.5 WHERE EFFLUENT DISCHARGES M A Y  Y O T  R ~ O U C E  T n t  LOW VALUE OR RAISE THE n l G n  VALUE n o w  
T H A N  0.5 P H  U N I T S .  

D M D N I H L V  A V E R A G t  V A L U E  NOT TO EXCEEO 5 0 0  M G I L .  AN0 A MAXIMUM NOT T U  EXCEED 7 5 0  N G l L  AT ANY TIME. 

PTHE MONTHLY AVERAGE VALUE NOT TO EXCEEO 7 5 0  M G l L ,  AND A MAXIMUM NOT EXCEEDING 1.000 W G l L  AT ANY T IME.  

PSTREAMS C L A S S I F I E O  BV LAW AS TROUT WATERS SHALL  NOT B E  ALTERED FROM 4 NATURAL BACKGROUND BY E F F L U t N T S  THAT AFFECT THE STREAM ENVIRONMENT TO SUCH AN EXTENT 
1 H A T  THE TROUT P O P U L A T I O N  I S  ADVERSELY AFFECTED I N  ANY MANNER. 

'UNAUTHDRIZEO CONCENTRATIONS OF SUBSTANCES ARE NOT P t R M l T T E O  THAT ALONE OR I N  C O M B I N A T I O N  W I T H  OTHkR M A T E R I A L S  PRESENT ARE T O X I C  TO F I S H  OR OTHER A Q U A T I C  L I F E .  

'CONCENTRATIONS OF OTHER C O N S T I T U E N T S  MUST NOT B E  HALAROOUS TO HEALTH. ALSO, THE I N T I K E  WATER SUPPLY MUST B E  SUCH THAT. BY APPROPRIATE TRtATMENT A N 0  SAFEGUARDS 
I T  W I L L  MEET THE Y U B L I C  H t A L T H  S E R V I C E  O R l Y K l N G  WATER STANDAROS. 1 9 6 2 .  

SDURCE- W I S C O N S I N  OtPARTMENT OF NATURAL RESOURCES. 

M I N I M U M  STANDARDS 
FOR I L L  WATERS 

SUBSTANCES I N  CONCENTRATIONS OR C O M B I N A T I O N S  
WHICH ARE T O X I C  OR HARMFUL TO HUMAN B E I N G S  
S H L L L  NOT B E  PRESENT I N  AMOUNTS FOUND T O  B E  OF 
P U B L I C  H E A L T H  S I G N I F I C A N C E ,  NOR SHALL  SUBSTAN- 
CES BE PRESENT I N  AMOUNTS WHICH, BY APPROPRI -  
ATE TEST. I N D I C A T E  ACUTE OR CHRONIC L t V E L S  TO 
ANIMALS.  PLANTS.  OR A Q U A T I C  L I F E .  SUBSTANCES 
THAT W I L L  CAUSE O B J E C T I O N A B L E  D E P O S I T S  ON THE 
SHORE OR I N  THE BED OF b WATER BODY, F L O A T I N G  
OR SUBMERGED DEBRIS .  O I L *  OR O T H t R  M A T E R I A L .  
AN0 M A T t R I A L  PRODUCING COLOR. ODOR. TASTE. OR 
U N S I L H T L I N E S S  S H A L L  NOT B E  P R E S t N T  I N  SUCH 
AMOUNTS AS T O  CAUSE A NUISANCE.  

I N D U S T R I A L  
AN0 COOLING 

WATER 

1 . 0 ~ '  

-- ' 
8 9  

6 .0 -9 .0 "  

7 5 0 . 0  

-- 

PARAMETER 

D I S S O L V E D  OXYGEN ( M L I L I  

C D L I F O R M  COUNT I M F C C l l O O M L I  

TEMPERATURE I a F l  

P H  I U N I T S I  

D I S S O L V E D  S O L I D S  I M G I L I  

DTHER PARAMETERS 

P K E S t R V A T I O N  AVO tNHANCEMEN1 OF 
F I S H  L I F E  M U N I C I P A L  

I P U B L I C I  
WATER 
SUPPLY 

0 -- 
5 . 0 0 0 1  

B -- 
6.0-9.0" 

5 0 o 0  

-- 

F I S H  REPRODUCTION 
OF PRIMARY IMPORTANCE 

5.0MC 

B -- 
8 4  

0 -- 
-- 
-- q 

UARM-HATER 
F I S H E R Y  

+.OM' 

-- * 

8 9  

-- 
B -- 

-- 

RECREATION 

WHOLE 
BODY 

CONTACT' 

h -- 
I.OOOk 

11 -- 
- 9 

-- 9 

h -- 

P A R T I A L  
BOO7 
 CONTACT^ 

h -- 
5 . 0 0 0 1  

- - g  

--9 

-- 
h -- 



standards. The intent of the state standards, as  
expressed in Section 144.025(2)(6) of the Wis- 
consin Statutes, is: 

. . . standards of quality shall be such as  
to protect the public interest, which in- 
clude the protection of the public health 
and welfare and the present and prospec- 
tive future use of such waters for public 
and private water supplies, propagation 
of fish and aquatic life and wildlife, do- 
mestic and recreational purposes and 
agricultural, commercial, industrial, and 
other legitimate uses. In all cases where 
the potential uses of water are  in con- 
flict, water quality standards shall be 
interpreted to protect the general public 
interest. 

Minimum Standards for A11 Waters 
The adopted state minimum standards for all 
waters listed in Table 47 apply to all surface 
waters at all locations within the state. Essen- 
tially, these minimum standards a re  designed to 
maintain all state waters in an aesthetically 
pleasant condition and to protect the public health. 
They also serve a s  the standards for determining 
suitability for livestock and wildlife watering, 
irrigation, navigation, and waste assimilation. 

Public Water Supply 
Quality standards for raw water for public water 
supply should be such that the water, after appro- 
priate treatment, will be suitable for human con- 
sumption. The factors considered in formulating 
these criteria are  that the finished water should 
be physiologically harmless, palatable, odorless, 
and aesthetically desirable. Because of the effec- 
tiveness of present treatment methods, most 
standards a re  now applied to the finished water 
rather than to the raw water supply. Although the 
state-designated water uses for the Milwaukee 
River do not, at present, include public water 
supply, the water supply standards a re  presented 
in Table 47, since water supply may, at some 
future time, become a necessary o r  desirable use 
of the river. 

Preservation and Enhancement of Fish Life 
Standards for water to be used for the preserva- 
tion and enhancement of fish and other aquatic life 
a re  generally specified in terms of parameters 
that affect the physiologic condition of the fish, the 
food chain that sustains the fish, and the aquatic 
environment. Dissolved oxygen concentration and 

temperature a re  the most frequently used para- 
meters, since the reproduction and survival of 
fish and their susceptibility to toxic substances 
are  highly dependent upon these factors. In addi- 
tion, there are  many substances, particularly 
insecticides, herbicides, and heavy metals, that 
are highly toxic to aquatic life in very small 
amounts. The adopted state standards for the 
preservation and enhancement of fish life are  set  
forth in Table 47. 

Recreation 
Waters to be used for recreational purposes 

- - 

should conform to the following general condi- 
tions: 1) absence of obnoxious floating o r  sus- 
pended substances, objectionable color, and foul 
odors; 2) absence of substances that are toxic 
upon ingestion or  irritating to the skin of human 
beings; and 3) reasonably free from pathogenic 
organisms. The first  two conditions are  satisfied 
if the water meets the minimum standards for all 
waters previously described. The third condition, 
however, requires that a standard be set  to ensure 
the safety of a water from the standpoint of health. 
The concentration of coliform bacteria is the 
parameter normally used for this purpose. Since 
the coliform count is only a general, rather than 
a specific, indicator of fecal contamination, the 
Wisconsin Standards, a s  se t  forth in Table 47, 
recommend that the primary criterion for deter- 
mining the suitability of a water for recreational 
use should be a thorough sanitary survey to 
assure protection from fecal contamination, with 
the coliform concentrations serving only as guide- 
lines in evaluating this suitability. 

Industrial and Cooling Water 
The ideal water quality for industrial and cooling 
uses varies widely for the many industrial uses to 
which water is put. The Wisconsin Standards, as  
se t  forth in Table 47, are  intended to assure that 
the water would be suitable for most industrial 
uses after proper treatment. The required treat- 
ment will vary, depending on the final water 
quality necessary for each industrial operation. 
One requirement common to all industries, how- 
ever, i s  that the concentration of various con- 
stituents of the water should remain relatively 
constant. The quality of ground water and of Lake 
Michigan water is more constant than the quality 
of surface water of the Milwaukee River water- 
shed. Since most industries depend on ground 
water and Lake Michigan as sources of water 
supply, either directly or  by way of a municipal 
distribution system, the standards for industrial 



and cooling water are meaningful only in those few 
areas of the watershed where surface water is 
used as a source of supply. 

Guidelines for Application of standards4 
It is important to note that the particular stan- 
dards to be applied to a given stream reach 
depend upon the existing o r  potential water uses in 
that reach; that i s ,  the Wisconsin Standards, as 
listed in Table 47, cannot be applied without the 
prior knowledge of existing water uses or  desig- 
nation of water use objectives. Also, the capacity 
of a stream to receive and assimilate discharges 
with potential pollutants is determined by the flow 
and quality of water in the stream which is avail- 
able for dilution. It is specified in the guidelines 
that evaluation of compliance with water use 
objectives and standards is to be based on esti- 
mates of water available for dilution, with a 
strearnf low equivalent to the lowest aver age for 
any period of seven consecutive days in the most 
recent 10 years. 

  is. Adm. Code, Chapter RD2. 

Water use objectives for streams in theMilwaukee 
River watershed, as shown in Table 48, have been 
adopted by the State Resource Development Board, 
now the State Natural Resources Board. These 
objectives state that all surface waters within the 
watershed should meet the standards for whole- 
body-contact recreational uses and for the pres- 
ervation of fish and other aquatic life, with the 
exceptions of the streams noted below, and, addi- 
tionally, that the Milwaukee River over i t s  entire 
length and Cedar Creek at Cedarburg should also 
meet the standards for industrial and cooling 
water uses. The exceptions to these objectives 
a re  Lincoln Creek and the Milwaukee River down- 
stream from the North Avenue Dam, which are  
not required to meet the standards for fish and 
other aquatic life o r  for whole-body-contact- 
recreation, and Indian Creek, which must meet 
only minimum standards. 

The water use objectives and supporting standards 
adopted by the State of Wisconsin are subject to 
revision as either additional data are accumulated 
that bear on the desirability and feasibility of 

TABLE 48 

STATE DESIGNATED WATER USES FOR MAJOR STREAMS 
I N  THE MILWAUKEE R IVER WATERSHED 

SOURCE- CHAPTER RO 4 OF THE WISCGNSIN  A D M I N I S T R A T I V E  CODE. 

204 

NAME OF STREAM 

WILWAUKEE R I V E R  
DOWNSTREAM FROC NCRTH 
AVENUE DAM..........,.........-. 

UPSTREAM FROP NORTH 
AVENUE DAM....,,.,.............. 

L I N C O L N  CREEK..................... 

LNOIAN CREEK.....,................ 

P I G E C N  CREEK............-...-..... 

CEDAR CREEK 
AT CEDARBURG.................... 

UPSTREAM FROM CEOARBURG.......,. 

NORTH BRANCH MILWAUKEE RIVER...... 

S I L V E R  CREEK (SH6RFAW TOWNSHIP)... 

ADELL TRIBUTARY................... 

S I L V E R  CREEK IWEST BENO TOWNSHIP) .  

EAST BRANCH NLLWAUKE* RIVER....... 

hEST BRANCH MILWAUKEE RIVER....... 

F I S H  
REPRODUCTION 

OF PRIMARY 
IMPORTANCE 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

WATER USE 

WHOLE-BODY 
CONTACT 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

M I N I M U M  
STANDARDS 

FOR ALL 
WATERS 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

C U N I C I P A L  
( P U B L I C )  

HATER 
SUPPLY 

RECREATION 

PARTIAL-BODY 
CONTACT 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

I N D U S T R I A L  
AND 

COOLING 
WATER 

X 

X 

X 



revising the water use objectives in the public 
interest or  as new data or  techniques are  devel- 
oped that permit the standards to be expressed in 
more precise, quantitative, and statistically valid 
terms. 

Pesticides 
The widespread use of chemical pesticides has 
created a number of complex environmental prob- 
lems, including special water pollution problems. 
More than 60,000 pesticide formulations based on 
over 500 individual chemical compounds have been 
registered for sale in the United States. This 
volume, coupled with an equally large number 
of use patterns, ma.kes laboratory determination 
of the potential effects of new products on the 
environment extremely difficult. In general, the 
chlorinated hydrocarbon pesticides, DDT and the 
aldrin toxaphene group, are  among the most eco- 
nomically important and most widely used com- 
pounds. Typically, these are  very persistent in 
the environment and may have far-reaching eco- 
logical effects. Certain pesticides have been 
identified as  constituting a serious hazard to wild- 
life other than those target pests it i s  intended to 
control. Such pesticides include: 1) DDT, 2 )  DDD 
(TDE), 3) Endrin, 4) Aldrin, 5) Dieldrin, 6) Hep- 
tachlor, 7) Lindane, 8) BHC, and 9) Alkyl Mer- 
cury Compounds. 

As residues in soil and marine sediments, these 
may persist unchanged for many years and, con- 
sequently, present a continuing threat to animal 
communities. The organophosphorus pesticides 
hydrolyze o r  break down into less toxic products 
more readily than the organochloride compounds. 
Members of this group, such a s  malathion and 
parathion, exhibit awide range of toxicity and have 
become increasingly popular because of their 
relatively short life. To humans pesticide expo - 
sure occurs chiefly from ingestion of foods, direct 
skin o r  respiratory contact during use, and inhala- 
tion of airborne materials near treated areas. 
Although there appears to be no immediate danger 
to human health in general, there i s  a genuine 
concern on the part of alarge number of scientists 
and public health officials about the long-term 
chronic effects of pesticide pollution. Pesticides 
do injure a variety of non-target fish and wildlife, 
and changes in these living organisms may give 
a suttle indication of long-range effects of pesti- 
cides on people. 

Death and serious illness from pesticide poisoning 
a re  r a re ,  but everyone in the United States has 

a measurable body burden of some of these 
substances accumulated mainly from small con- 
taminating amounts in food and water. Each indi- 
vidual averages about one-tenth of a gram of DDT 
residue and measurable amounts of dieldrin and 
other chlorinated hydrocarbon pesticides accumu- 
lated in his body. The adverse effects of these 
small accumulations have not been fully assessed 
but are generally considered insignificant. In 
nature the problem of pesticide contamination i s  
much greater. The extent to which fish and wild- 
life populations have been affected by pesticides 
i s  largely unknown except for numerous obvious 
examples of mortality. An example of this is the 
DDT treatments in New York State, resulting in 
complete elimination of lake trout production in 
certain lakes and great reduction inothers. Endrin 
i s  generally considered responsible for  the death 
of a great many fish in the lower Mississippi 
River. Decreasing bird populations a re  cited and 
constitute yet another example of pesticide effects. 
Increasing pesticide accumulations in the environ- 
ment have been noted in Wisconsin, especially in 
lakes and streams. The persistence of insecti- 
cidal residues depends on the insecticide itself, 
the soil type, the soil moisture, and temperature, 
a i r  movement, cover crops, rate of application, 
formulation, and microorganisms. Pesticides set- 
tling on soil pose still other problems, for such 
pesticides will move with the soil particles. Thus, 
erosion by wind o r  water may move the pesticides 
into lakes and streams. The addition to water of 
any persistent chlorinated hydrocarbon pesticide 
i s  likely to result in damage to aquatic life. Pro- 
gressive damage often results a s  concentrations 
of these chemicals increase in the environment. 
The use of other kinds of chemical pesticides in 
o r  around water may produce a variety of acute 
and chronic effects on fish and other desirable 
biota. The control of pesticide pollution, however, 
lies beyond the scope of a watershed study and 
will have to be founded in the development and 
application of better pest control measures, such 
a s  biological control measures. 

POLLUTION AND WASTE SOURCES 

As defined herein, water pollution is the direct 
result of human activity in the tributary water- 
shed. Water pollution may occur as  one o r  
more of six types: 1) chemical or  inorganic pollu- 
tion, such a s  toxic compounds and heavy metals; 
2 )  organic pollution, which usually removes oxy- 
gen from the water and severely alters flora 
and fauna; 3) nutrient pollution, which is an 



oversupply of minerals normally considered fer- 
tilizers, such as nitrates and phosphates; 4) aes- 
thetic pollution, which could be any combination of 
the above, along with floating objects and unsightly 
trash along the banks and in the water; 5) patho- 
genic contamination; and 6) thermal pollution. 

As man utilizes water for various purposes, many 
substances, either not originally present in the 
water or  present in only small amounts, are added 
to the water. These substances tend to degrade 
the quality of the water, and, if present in suffi- 
cient amounts, cause pollution in the streams and 
lakes when the used water is returned to receiving 
bodies of surface water. It is the purpose of waste 
treatment processes to remove those substances 
in a used water that might cause pollution when 
discharged to a receiving body of water. Con- 
ventional waste treatment, however, cannot eco- 
nomically remove all of the possible pollutants. 
Therefore, some amount of each potential pollu- 
tant usually remains in the treated effluent dis- 
charged to the stream. If the quantity of the 
effluent is relatively large in comparison to the 
quantity of dilution water available in the receiv- 
ing stream or  lake, then water quality in the 
stream or  lake will be seriously degraded. The 
two sources most often associated with water 
pollution are  municipal and industrial wastes. 
Pollution may also be caused, however, by numer- 
ous other sources, including drainage and runoff 
from urban areas and overflow and drainage from 
septic tanks. Although these latter sources pre- 
sent a more dispersed contribution to surface 
water pollution than do municipal and industrial 
wastes, they may, at certain times, exert a sig- 
nificant undesirable influence on surface water 
quality. They are, moreover, difficult to identify 
and regulate. 

Problems Related to Discharge of Pollutants 
to Streams and Lakes and Resulting Conditions 
Sewer overflows and industrial and other dis- 
charges of pollutants result in oxygen-consuming 
organic and inorganic pollutional matter, plant 
nutrients, and disease-producing bacteria entering 
streams or  lakes. The necessity of dealing with 
this problem is widely recognized; and corrective 
action is being taken on local, regional, and 
national levels. Although the necessity for dealing 
with pollution is widely recognized, the degree of 
seriousness of the problems and the relative 
impact of each problem element are not easily 
defined, due to a general lack of basic data for 
accurately quantifying the problem. Although 

there still  are data deficiencies for the Milwaukee 
River watershed, as elsewhere, several important 
data collection programs have been carried out in 
recent years; and the information provided by 
these programs has been collated and analyzed in 
the watershed study to permit identification of the 
problems and assignment of general orders of 
magnitude to the various pollution sources in the 
watershed upstream from the North Avenue Dam, 

Water Quality Data: Water quality data are avail- 
able for streams in the Milwaukee River water- 
shed from stream surveys carried out by the 
Commission itself, the Wisconsin Department 
of Natural Resources, the Milwaukee Sewerage 
Commission, and the City of Milwaukee. The 
Commission conducted a stream water quality 
sampling program from January 1964 to February 
1965. Samples were obtained once a month from 
12 stations in the watershed and were analyzed for 
DO, BOD, temperature, coliform concentration, 
and other parameters. A monitoring program, 
consisting of sample collection and analysis twice 
a year from the 12 stations, has been maintained 
since completion of the 1964 program. 

The Wisconsin Department of Natural Resources 
conducted a water quality survey in the Milwaukee 
River watershed outside Milwaukee County during 
1966 and 1967 and within Milwaukee County during 
1968. Grab samples were obtained on a monthly 
basis during the summer at 67 locations within the 
watershed; and the resulting 364 samples were 
analyzed for DO, BOD, temperature, pH, and 
coliform concentration. In addition, samples were 
obtained for biological analysis at 52 locations 
throughout the stream system. The Department 
of Natural Resources also maintains a water 
quality monitoring station on the Milwaukee River 
at Brown Deer Road in Milwaukee County. Sam- 
ples have been collected monthly at this station 
since May 1961 and are analyzed for 20 para- 
meters, including DO, BOD, temperature, coli- 
form count, nitrogen, and phosphorus. 

The Commission, through its consulting engineer, 
Harza Engineering Company, conducted an inten- 
sive program of water quality sampling in the 
watershed from April 29 to May 3, 1968, and from 
July 27 to August 7, 1968, as an integral part of 
the Milwaukee River watershed planning program. 
DO and temperature measurements were made 
around the clock at three-hour intervals at 26 
locations during the spring survey and from dawn 
to dusk during the summer survey. Samples were 



collected and analyzed for BOD at 13 locations 
during the summer survey and for nitrogen and 
phosphorus concentrations at 26 locations in the 
spring and 16 locations in the summer. Light- 
and-dark bottle studies to measure algae effects 
on DO were made at nine locations during the 
summer survey. 

Laboratory personnel of the Milwaukee-Metro- 
politan Sewerage Commissions conducted stream 
surveys along Lincoln Creek and the Milwaukee 
River within Milwaukee County during the period 
from approximately May 1 to November 30 of each 
year from 1946 to 1968. Samples were collected 
at seven locations along the Milwaukee River 
upstream from the North Avenue Dam and at one 
location on Lincoln Creek and are  analyzed for 
DO, BOD, temperature, pH, total coliform, fecal 
coliform count, chloride, and turbidity. 

The City of Milwaukee, through i ts  consulting 
engineer, Consoer, Townsend & Associates, and 
assisted by personnel of Marquette University, 
collected water quality data at five locations along 
the Milwaukee River upstream from the North 
Avenue Dam during 1967 and 1968 as  a pa r t  
of a Federal Water Pollution Control Adminis- 
tration (FWPCA) demonstration grant program. 
Samples were analyzed for DO, BOD, tempera- 
ture, coliform count, nitrogen, phosphorus, and 
other parameters. 

As a part of the study of the feasibility of using 
storage tanks for controlling combined sewer dis- 
charges, a 3,900,000 gallon tank and an in-sewer 
monitoring system are being constructed on the 
bank of the Milwaukee River at a combined sewer 
outfall near N. Humboldt Avenue by the City of 
Milwaukee as a part of the same FWPCA grant 
program. This tank will store overflows from a 
tributary service area of 303 acres, extending 
from the Milwaukee River on the south and east to 
E. Locust Street on the north and to N. Third 
Street on the west. Sewer overflows are  to be 
monitored in a 570-acre area which includes the 
303 acres and the area north from E. Locust 
Street to E. Townsend Street, as shown on Map 45. 

Stream Reaction to Organic Wastes: The ability of 
a stream to purify itself is an important process 
related to water quality. When organic wastes are 
discharged into water, a succession of changes 
in water quality takes place. In a stream these 
changes occur in different reaches and establish 
a profile of pollution and natural purification 
sufficiently well defined that it can be subject to 

mathematical analysis. The initial effect of pollu- 
tion on a stream is to degrade the physical and 
chemical quality of the water and its biological 
characteristics. The number of microorganisms 
in the stream rapidly increases both in response 
to the increased food supply provided by the waste 
discharge and to the addition of microorganisms 
in the wastes. These organisms utilize the organic 
matter as a food source and transform i t  to such 
stable end-products as inorganic salts, carbon 
dioxide, and water. In this transformation proc- 
ess,  the organisms utilize large amounts of oxy- 
gen. As a result dissolved oxygen concentrations 
in the stream decrease downstream from a waste 
outfall until the amount of oxygen consumed in 
waste assimilation becomes less than that sup- 
plied by reaeration from the atmosphere and from 
the process of plant photosynthesis. At this point 
the dissolved oxygen begins to increase until the 
oxygen demand created by the waste load is fully 
satisfied. This ability of a stream to assimilate 
organic waste and gradually return to its original 
condition is referred to as natural stream purifi- 
cation. This natural process is important to 
water quality management, since it permits the 
discharge of wastes to a stream without a perma- 
nent degradation of water quality, provided that 
the natural waste assimilation capacity of the 
stream is not exceeded. 

Nutrients, Aquatic Plants, and Dissolved Oxygen 
in Streams: After stream recoverv has occurred, 
the major factors affecting stream water quality 
in terms of dissolved oxygen concentrations are  
reaeration, the process of photosynthesis, and 
respiration of aquatic plants. These plants pro- 
duce oxygen during the daylight hours and con- 
sume oxygen at night. This results in a diurnal 
(daily) fluctuation in dissolved oxygen levels, the 
magnitude of which is dependent upon the numbers 
of aquatic plants present in the stream. Nutrients 
derived from upstream waste discharges and 
rura l  and urban drainage and runoff stimulate the 
growth of these aquatic plants. Although the 
effects of aquatic plants on dissolved oxygen 
levels in a stream can be analyzed mathemati- 
cally, general knowledge is inadequate to permit a 
practical mathematical analysis of the relation- 
ship between nutrient levels in a stream and cor- 
responding aquatic plant growths. The magnitude 
of the influence aquatic plant life exerts on the 
diurnal variation of dissolved oxygen levels in the 
Milwaukee River is indicated by Figures 33 and 
34 for conditions as  measured during May and 
August 1968. 
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Nutrients, Aquatic Plants, and Dissolved Oxygen 
in Lakes: The major water quality-associated 
problem in the lakes of the Milwaukee River 
watershed is excessive fertilization. Many of 
these lakes already show signs of deteriorating 
water quality as a result of receiving excessive 
amounts of nutrients, and the frequency and 
severity of this deterioration will undoubtedly 
increase with further urbanization and recrea- 
tional uses. Problems resulting from excessive 
fertilization include luxurious growths of aquatic 
plants and algae, curtailment of recreational 
activities, periodic destruction of aquatic life, 
10sses~in property values, reduction of dissolved 
oxygen content, and nuisance conditions that 
impair aesthetic enjoyment. 

In order to formulate plans for controlling exces- 
sive fertilization in lakes, i t  is necessary to know 
the major sources and amounts of nutrients that 
are entering the lake. Since no definite informa- 
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tion of this type was available for any of the lakes 
in the Milwaukee River watershed, i t  was decided 
that estimates should be based on information 
available from studies of various other lakes. 
Although such estimates necessarily represent 
approximations, they do provide indications of the 
relative nutrient contributions from each source 
and thus suggest areas in which proper corrective 
actions can be taken. 

Nutrient Sources in Lakes and Streams: The 
nutrients most often associated with excessive 
fertilization of lakes and streams are nitrogen and 
phosphorus. Phosphorus is generally considered 
to be the principal nutrient controlling the fertility 
of natural waters and is the nutrient most amena- 
ble to control. It i s  principally derived from 
domestic sewage, urban and rural runoff, precipi- 
tation, ground water, and wetland drainage. Most 
of the data used in this study concerning these 
sources were obtained from a study of the nutrient 



sources of Lake Mendota, Madison, Wisconsin ;5 

from a report on water fertilization in the State of 
Wisconsin;'and from studies of phosphorus content 
in runoff from rural  land in the Lake Michigan 
watershed: from records of measurements made 
at the Jones Island sewage treatment plant, and 
from values measured in the Milwaukee River for 
this study.' A summary of the estimated amount 
contributed by each major nutrient source to lakes 
within the watershed i s  presented in Table 49. 

Sewage treatment plant effluent i s  often cited a s  
a major contributor to water fertilization. The 
average per capita contribution of phosphorus to 
domestic sewage was taken as  3.5 pounds per 
year. About one-third of this total is contributed 
by sanitary wastes and two-thirds by detergents in 
wash waters. Conventional secondary treatment 
facilities generally remove only a small portion of 
the phosphorus contained in raw domestic sewage 

~utr ient  Sources Subcommittee of the Technical Commit- 
tee of the Lake Mendota Problems Committee, Report on 
the Nutrient Sources of Lake Mendota, Madison, Wisconsin, 
1968. 

'Working Group on Control Techniques and Research on 
Water Fertilization, Excessive Water Fertilization, Report 
to the Water Subcommittee, Natural Resource Committee 
of State Agencies, Madison, Wisconsin, 1967. 

' H .  A. Hall, Runoff As a Source of Phosphate in the Waters 
of Streams and Lakes, Great Lakes-Illinois River Basins 
Project, Federal Watei. Pollution Control Administration, 
Chicago, Illinois, April 1968. 

'SEWRPC Planning Memorandum No. 1, Evaluation of Water 
Quality Field Survey Conducted on the Milwaukee River 
During 1968. 

and, consequently, discharge large amounts to the 
receiving waters. For  purposes of this study, i t  
was assumed that sewage treatment plants located 
upstream from Milwaukee County in theMilwaukee 
River watershed remove about 45 percent of the 
phosphorus contained in the raw sewage. Thus, 
the annual per capita phosphorus contribution from 
treated domestic sewage discharged to surface 
waters within the watershed was estimated to be 
1.9 pounds. The annual per capita nitrogen con- 
tribution from this same source was similarly 
estimated at 6.5 pounds. Concentrations of phos- 
phorus in overflows from sanitary sewers in 
Milwaukee County were assumed to be 7 mg/l, 
based on the quality of sewage bypasses at the 
Jones Island sewage treatment plant. Estimates 
of quantities of phosphorus in overflows from 
combined sewers were made based on concentra- 
tions of 5 mg/l. 

Sewage disposal facilities at homes and cottages 
around most of the major lakes in the watershed 
and in rural  areas of the watershed consist of 
individual soil absorption systems. While this 
type of system has the advantage of generally con- 
fining the nutrients, a certain amount may still 
reach the lake by movement through the soil o r  by 
direct overf low of improperly functioning systems. 
The nutrient contributions from this source were 
estimated by assuming average per capita contri- 
butions of 10.0 pounds of nitrogen and 3.5 pounds 
of phosphorus in the raw sewage and by further 
assuming that 30 percent of the nitrogen and 
5 percent of the phosphorus ultimately reach the 
lakes? 

'lbid, footnotes 5 and 6. 

T A B L E  49 

E S T I U A r E O  C O N T R I B U T I O N  O F  MAJOR SOURCES O F  
N I T R O G E N  AND PHOSPHORUS 

SOURCE- NATURAL RESCURCES C OPPl  T T E E  OF S T A T E  AGENCIES.  

SOURCE 

T R E I T E C  DOMESTIC SEWAGE 
Sf31 L ABSORPTION SEWAGE 

D I S P O S A L  SYSTEMS 
RURAL RUNOFF 
U R e A N  RUNOFF 
P R E C I P I T A T I O N  
GROUND WATER 

N I TROGEN 

6.5 L B S - / C A P I T A / Y R o  

3 . 0  L B S -  / C A P 1  TA/YR- 
3 - 0 9  L B S o / C A P I  TA/YRo 
8 - 0  t 6 S -  /ACRE/YR- 
8.0 L B S - / A C R E / Y R -  
1 -2  M G / 1  

PHCS PHORUS 

1.9 L B S . / C A P I T A / Y R *  

0.2 L B , / C A P I T A / Y R -  
0 . 0 9 4  LB-/ACRE/YR.  
0 . 7 2  LBS* /ACRE/YR.  
0 . 1 4  LBo/ACRES/YR.  
N E G L I G I B L E  



The amount of nitrogen and phosphorus contained 
in surface water runoff from rural  areas is 
dependent upon the land use and soil and water 
conservation practices in the tributary drainage 
area. The nutrient contribution from runoff from 
cropland and pasture was determined by using the 
concentrations of nitrogen and phosphorus in such 
runoff, as reported in previous studies, and 
assuming an aver age surf ace runoff of two inches 
per year. The contribution in runoff from forested 
land was estimated from the nitrogen and phos- 
phorus contents in streams flowing through wooded 
areas. The use of manure on frozen land can be a 
very significant contributor of nutrients in rura l  
runoff, especially during the spring high runoff 
season. Since rainfall and snowmelt in early 
spring cannot enter the frozen soil, they drain 
over the surface of the land to streams and lakes, 
carrying with them the soluble constituents of the 
manure. Included in this runoff is much of the 
nitrogen and phosphorus normally contained in 
the manure. Estimates of nutrients lost from 
manured land were based on a normal year-round 
application of 10 tons of manure per acre and on 
the assumption that the ground is frozen for four 
to five months every year. The amounts of nitro- 
gen and phosphorus contributed from each of these 
sources of rural runoff are listed in Table 49 
and averaged 1,980 and 60 pounds per square 
mile, respectively. 

Runoff waters from urban areas generally contain 
large amounts of nitrogen and phosphorus. The 
values used in this study for the nutrient contribu- 
tion of urban runoff were based upon studies of 
runoff from a residential-light commercial area 
in Cincinnati, Ohio!O The values for the Fox 
River and the Milwaukee River watersheds were 
taken as 90 percent of the Cincinnati values, o r  
5,120 pounds of nitrogen and 1,410 pounds of 
phosphorus per square mile, to reflect the lower 
average annual precipitation in the southeastern 
Wisconsin area. 

Precipitation directly on a lake o r  stream surface 
contributes nutrients that have been flushed out 
of the atmosphere. Studies of the nitrogen con- 
tent of rainwater indicate an approximate annual 
contribution of 8.0 pounds per acre per year in 
southeastern Wisconsin. Studies of the phospho- 
rus content of rainwater, however, have yielded 

'OR. J. Anderson. S. R. Weibel, and R. L. Woodward, "Urban 
Land Runoff As a Factor in Stream Pollution," Journal Wa- 
ter Pollution Control Federation, Vol. 36, No. 7, July 1964. 

extremely variable results, ranging from trace 
values to 0.1 mg/l. For purposes of this study, 
a value of 0.02 mg/l of phosphorus was used; 
and the average annual rainfall was taken as  
29.4 inches throughout the watershed. This re-  
sulted in an average annual phosphorus contribu- 
tion of 0.14 pound per acre per year. 

The final major nutrient source evaluated was 
ground water. Nitrogen found in ground water is 
generally in the form of highly soluble nitrates 
derived from precipitation percolating through the 
soil layer. Very little phosphorus is normally 
present in ground water, since the phosphorus is 
usually bound in the soil layers through which the 
water percolates. The values of 1.2 mg/l of nitro- 
gen and 0.01 mg/l of phosphorus in ground water 
that were used in this study a re  the average con- 
centrations present in Wisconsin water supplies 
and should be comparable to the average levels 
found in ground water. 

There are  several additional sources that may 
contribute significant amounts of nutrients to 
lakes in the watershed, but they have not been 
evaluated in this study, since no data exist on 
which an estimate of their relative contributions 
could be based. These sources include wetland 
drainage, nitrogen fixation by various species of 
algae, and leaching of nutrients from bottom sedi- 
ments in a lake. 

Cornpu t a  t i on Me t hods : The method used in corn- 
puting the amounts of nutrients contributed by the 
major sources to each major lake in the Milwau- 
kee River watershed was based on the methods 
used in the two previously cited reports on nutri- 
ent sources in Wisconsin. This method involved 
the determination of population and land use 
around each lake, the size of the lake, and the 
amount of ground water contribution to the lake. 
This information was utilized in conjunction with 
the data listed in Table 49 to estimate total nutri- 
ent contributions from each major source. 

Estimates of the nitrogen and phosphorus contri- 
bution from private sewage disposal facilities 
were made by determining the total population 
residing within the tributary drainage areas to 
each lake and by applying the per capita contribu- 
tions shown in Table 49. Population estimates 
were based on U. S. Public Land Survey quarter- 
section totals included within the delineated tribu- 
tary drainage areas located around each lake. 
Areas served by a municipal sanitary sewerage 



system were excluded from the estimates, since 
the nutrient contribution from such areas was 
considered under the category of treatment plant 
effluent. 

Estimates of the nutrient contribution from sur- 
face runoff were based on the present land use in 
the watersheds tributary to each lake. Approxi- 
mate acreages devoted to urban use, cropland and 
pasture, wetland, and forest in each watershed 
were determined from SEWRPC existing land use 
data. The nitrogen and phosphorus derived from 
each of these sources, except wetlands, were then 
estimated using the values shown in Table 49. 
The contribution from wetlands was not estimated, 
since no data exist upon which an estimate could 
be based. 

In addition to the contribution from the above land 
uses, an estimate was made of the contribution 
from cropland and pasture upon which manure was 
spread. Calculation of the amount of nutrients 
lost from manured land required estimates of the 
amount of manure applied and the amount of 
nutrients lost from a given application. The esti- 
mated amount lost from a normal 10-ton per acre 
application rate on frozen ground is reported in 
Table 49. Information on the number of dairy 
cows per square mile of agricultural land in 
Fond du Lac, Ozaukee, Sheboygan, and Wash- 
ington Counties was obtained from the 1964 
U. S. Census of Agriculture and used to estimate 
the total number of dairy cows in each subwater- 
shed. It was assumed that each cow produces 
15 tons of manure per year and that half of the 
manure is applied while the ground is frozen. 
This estimate may be considered high if repre- 
sentative of only manure production by dairy 
cows. Such manure, however, will be augmented 
by manure produced by steers, hogs, chickens, 
and young stock within the watershed. The total 
amount of manure applied on frozen ground was 
calculated from this information; and, assuming a 
10-ton per acre application rate, the total acreage 
involved was determined. Using this acreage and 
the nutrient losses shown in Table 49 for manured 
land, the nitrogen and phosphorus contributions to 
each lake were estimated. 

Direct nitrogen and phosphorus contributions from 
precipitation on each lake were estimated by 
applying the per acre contributions shown in Table 
49 to the total surface area of each lake. Data on 
the surface area of the major lakes in the Mil- 
waukee River watershed were obtained from the 
Wisconsin Department of Natural Resources. 

Nutrient contribution from ground water inflow to 
the lakes was estimated by determining the total 
amount of ground water entering each lake and by 
calculating the total nutrient content using the unit 
nitrogen and phosphorus contributions shown in 
Table 49. Ground water inflow was determined 
by assuming a contribution of 3.5 inches per 
acre of the contributing area, as determined 
from a piezometric map of ground water levels in 
the Milwaukee River watershed prepared by the 
U. S. Geological Survey. The 3.5 inches repre- 
sent the average combined ground water outflow 
plus well pumpage for the State of Wisconsin. 

Utilization of the Results: The total amounts of 
nitrogen and phosphorus contributed to the 21  
major lakes within the watershed were obtained by 
summing the contributions from each source. The 
final results of the computations, expressed in 
terms of the percent contribution ,of each source 
to the total, are presented in this chapter. An 
analysis of these results identified the most 
important nutrient sources for each lake and pro- 
vided a guideline for formulating and evaluating 
corrective measures for controlling excessive 
fertilization in the lakes. 

Disease-Bearing Wastes: Sewer overflows and 
most discharges from sewage treatment plants 
a re  at present entering the Milwaukee River 
without being disinfected. These discharges and 
sewer overflows are potentially disease bear- 
ing and constitute a public health hazard. This 
hazard is most pronounced in several reaches of 
the middle and upper parts of the stream system 
which are  designated for whole-body-contact rec- 
reational use. Although this hazard is minimal on 
the lower portion of the Milwaukee River since the 
River is not used for any whole-body-contact rec- 
reation o r  as a source of potable water supply, the 
polluted water ultimately reaches Lake Michigan, 
contaminating the lake water from which municipal 
water supplies are drawn a s  well a s  the water 
along which bathing beaches are  located in the 
Milwaukee metropolitan area. 

Division of Watershed for Description 
of Individual Waste Sources 
The following discussion of individual sources of 
pollution is, for convenience of description, pre- 
sented in the order of occurrence in the watershed 
upstream to downstream and not in the order of 
importance o r  impact on stream pollution. The 
sources of pollution from agricultural and septic 
tank runoff and drainage are discussed first as they 
originate almost entirely in the upstream rural . 



areas. Industrial, municipal, and storm water 
sources, which occur over the entire watershed, 
are  described separately for the still largely rural  
upstream area of the watershed and for  the highly 
urbanized lower part of the watershed. 

Upstream from the Milwaukee-Ozaukee County 
line, urbanization has occurred in relatively 
small, isolated clusters o r  colonies; and wastes 
are  collected and treated in relatively small sew- 
erage systems located along the river system. 
Downstream from this line, almost all of the trib- 
utary watershed area is urbanized; and wastes are  
collected and treated in a single, large, central- 
ized sewerage system. The scope and complexity 
of the problems of the two areas differ consider- 
ably, as 14 sewage treatment plants serve a popu- 
lation of only 38,160 in the upper watershed, 
whereas only two plants serve over 1 million per- 
sons, of which 464,400 persons reside within the 
lower watershed. Therefore, for descriptive and 
analytical purposes, the Milwaukee River water- 
shed has been divided, for the purpose of describ- 
ing stream water quality and the factors affecting 
such quality, into two distinct units: that portion of 
the watershed lying upstream from the Ozaukee- 
Milwaukee County line and that lying downstream 
from that line. 

Agricultural Sources 
As noted in Chapter 111 of this volume, 424 square 
miles, o r  61 percent of the total area of the Mil- 
waukee River watershed, a re  in agricultural use. 
Of this 424 square miles of crop- and pasture- 
land, all but 419 square miles, o r  99 percent, a re  
located outside Milwaukee County. Drainage and 
runoff from these agricultural lands a r e  potential 
sources of water pollution. The major pollutants 
associated with such drainage and runoff are  
silt, nutrients, pesticides, and oxygen-demanding 
organic materials. Excessive quantities of silt 
impair the quality of the receiving waters for 
most uses and often destroy certain desirable 
forms of aquatic life. Nutrients, particularly 
nitrogen and phosphorus derived from artificial 
fertilizers and manure, a re  commonly present 
in agricultural drainage and runoff. The prac- 
tice of spreading manure on frozen soils may 
result in large amounts of nutrients being carried 

to streams and lakes during the spring runoff. In 
excessive amounts, these nutrients promote nui- 
sance growths of algae and other aquatic plants in 
receiving streams and lakes. Luxuriant growths 
of these plants often render the water unsuitable 
for many uses. Pesticides in runoff from agri- 

cultural, forest, and urban lands, even in minute 
amounts, can, through cumulative effects, endan- 
ger fish and wildlife and may become toxic to 
humans. Oxygen-demanding materials, particu- 
larly the wastes from livestock and poultry pro- 
duction in confined lots, yards, or buildings, may 
seriously reduce oxygen concentrations in receiv- 
ing waters. This, in turn, may result in a level 
of water quality unsuitable for some uses. While 
excessive amounts of any or all of the above pol- 
lutants may be present in agricultural drainage 
and runoff, good soil and water conservation 
practices can be adopted and applied through 
careful farm management to reduce greatly the 
amount of these potential pollutants in the agri- 
cultur a1 drainage and runoff. 

Stream water quality data for the Milwaukee River 
watershed indicate that agricultural drainage and 
runoff generally constitute a relatively minor 
source of organic pollution in the watershed in 
comparison to the organic pollution caused by 
municipal and industrial waste discharges. In 
terms of nutrients, however, drainage and run- 
off from agricultural and rura l  areas contribute 
approximately 30 percent of the total amount of 
phosphorus discharged to stream waters in the 
Milwaukee River watershed outside Milwaukee 
County. Such drainage and runoff, therefore, 
constitute a major contributor to the problems of 
overfertilization present in the surface waters of 
the watershed. 

Septic Tanks 
All of that portion of the Milwaukee River water- 
shed lying within Milwaukee County is served by a 
centralized sewerage system; and, therefore, no 
significant problem of pollution of the stream sys- 
tem from septic tanks exists within Milwaukee 
County. Of the 54.65 miles of area developed for 
urban use in the Milwaukee River watershed out- 
side Milwaukee County, 12. 24 square miles, or  
22 percent, a re  served by public sanitary sewer- 
age facilities. Approximately 38,160 persons, or 
48 percent of the total watershed population out- 
side Milwaukee County, reside in areas served by 

public sanitary sewerage systems. The remaining 
42.41 square miles, o r  78 percent of developed 
urban area,  and all of the rural areas within that 
part of the watershed outside Milwaukee County, 
containing a combined population of approximately 
40,390 persons, or  less than 8 percent of the total 
watershed population, are  not presently served by 
public sanitary sewerage facilities but must rely 
primarily on individual septic tank soil absorption 



systems for disposal of domestic wastes. These 
systems will serve a home satisfactorily if prop- 
erly located, designed, constructed, and main- 
tained. If any of these aspects a re  neglected, 
however, liquid wastes may pollute the ground 
water o r  overflow to the ground surface and 
pollute surface waters. Foul odors, unsightly 
conditions, and health hazards develop if over- 
flows a re  ponded on the surface o r  carried away 
in open ditches. 

Final disposal of the septic tank effluent in a suit- 
able subsurface soil absorption system is neces- 
sary  to the proper functioning of the system. 
Approximately 365 square miles, o r  about 57 
percent of the Milwaukee River watershed out- 
side Milwaukee County, are covered by soils 
having severe limitations for small lot residen- 
tial development with soil absorption sewage dis- 
posal systems. Some urban development has 
already occurred in these areas. Faulty soil 
absorption systems can have very significant 
effects on local water quality conditions in terms 
of nuisances and health hazards. 

Munici~al  Waste Sources-U~stream 

There a re  14 municipal sewage treatment plants 
located in the Milwaukee River watershed upstream 
from the Milwaukee-Ozaukee County line. The 
locations of these plants are  shown on Map 43; 
and information on the population served by each 
plant, the average daily sewage flow, the type of 
treatment provided, and the approximate pollution 
load in terms of BOD discharged to the streams 
is tabulated in Table 50. All of the municipal 
sewage treatment plants within the watershed were 
designed to provide secondary treatment; but only 
three plants, those at Campbellsport, West Bend, 
and Newburg, currently (1967), provide efflu- 
ent disinfection before discharging the treated 
wastes to the receiving stream. The Wisconsin 
Department of Natural Resources,on June 12,1968, 
issued orderz to  all municipalities operating sew- 
age treatment plants in the Milwaukee River 
watershed requiring the submission by the munic- 
ipalities of a report and schedule for the construc- 
tion of adequate sewage treatment facilities in 
keeping with the State Water Quality Standards 
and the recommendations of the Lake Michigan 
Enforcement Conference, including continual dis- 
infection of the effluent and removal of 80 percent 
of the total phosphorus content of the wastes. The 
adequacy of the sewage treatment plants in the 
Milwaukee River watershed for achieving accept- 
able levels of treatment and the efficiency of the 

operation of these plants a r e  discussed in a report 
issued in 1968 by the Wisconsin Department of 
Natural Resources.12 The probable capabilities 
of these plants for removing BOD and the iden- 
tification of probable operational efficiencies at 
these plants, as described in this report, a re  
summarized in Table 51. 

Urban Runoff Pollution Sources-Upstream 
from Milwaukee County 
Storm water runoff from urban areas can consti- 
tute a significant source of water pollution. Recent 
investigations13 by the Federal Water Pollution 
Control Administration of the quality of storm 
water runoff from urban areas in Cincinnati, Ohio, 
and Ann Arbor, Michigan, indicate relatively high 
concentrations of BOD, suspended solids, nutri- 
ents, and coliform organisms in the runoff. These 
findings are  supported by studies made elsewhere 
in the United States and in other c ~ u n t r i e s ! ~  

" a . ~ l l  ejjluent discharges to the surface waters of the Lake 
Michigan Basin must have secondary bio-mechanical treat- 
ment or equivalent by December 1972. 

b.All municipalities or industries with a population equiva- 
lent of more than 2,500 persons (8,750 pounds of total phos- 
phorus per year) shall remove 85 percent of the total phos- 
phorus on an annual basis. 

c. Year-round disinfection of all effluents containing patho- 
gens or their indicator organisms must be provided. 

d. A program for separation or control of pollution from 
combined sewers and those receiving excessive amounts of 
clear water must be developed, and completion of the project 
control facilities must be attained by July 1977. 

While the Department did not order phosphorus removal 
for communities under 2,500 population, the Department is 
not precluded from ordering phosphorus removal where 
such discharges are causing or may cause overfertilization 
of surface waters. 

l 2  Wisconsin Department of Natural Resources, Division of 
Resource Development, Report on an Investigation of the 
Pollution in the Milwaukee River Basin Made During 1966 
and 1967, Madison, Wisconsin, January 23, 1968. 

l3  See R. J. Anderson, S. R. Weibel, and R.  L. Woodward, "Ur- 
ban Land Runoff As  a Factor in Stream Pollution," Journal 
Water Pollution Control Federation, Vol. 36, No. 7, July 
1964: Benzie. Courchaine. "Dischar~es from Separate Storm - - 
Sewers and Combined Sewers," Journal Water Pollufion 
Control Federation, Vol. 38, No. 3, March 1966; and R.J. 
Burm, G.L. Harlow, and D.F. Krawczyk, "Chemical and 
Physical Comparison of Combined and Separate Sewer Dis- 
charges," Journal Water Pollution Control Federation, Vol. 
40, No. I, January 1968. 

l 4  American Public Works Association, Water Pollution 
Aspects of Urban Runoff; published by the U. S. Department 
of the Interior, Federal Wafer Pollution Control Adminis- 
tration, Research Project No. 120, January 1969. 
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Field investigations conducted during the watershed study revealed 
that a total of 27 major waste sources existed in the watershed 
above the Milwaukee County line--14 municipal sewage treatment 
plants and 13 industrial waste discharges. No such waste sources 
were found in the Milwaukee County portion of the watershed, 
since all industries and municipalities are connected to a metro- 
politan sewerage system served by the Milwaukee Jones Island 
sewage treatment plant located on Lake Michigan. In the upper 
watershed, the municipal sewage treatment plants constitute col- 
lectively the greatest source of stream water pollution in that 
portion of the watershed. 

Source: Harza Engineering Company and Wisconsin Depart- 
ment of Natural Resources. 

Although urban storm water runoff may be of poor 
quality, pollution from this source is usually con- 
centrated in a relatively short period of time and 
is partially offset by the large amounts of water 
available for dilution as a result of increased 
streamflow during storms. 

Only 54.65 square miles, o r  9 percent of the total 
watershed area  outside Milwaukee County, are 
occupied by urban land uses; and, therefore, the 
contribution of urban runoff to pollution of surface 
waters in the upstream portion of the watershed is 
relatively minor. Moreover, the SEWRPC public 

utility inventory indicates that no integrated storm 
sewerage systems exist outside Milwaukee County 
and that, increasingly, suburban communities a re  
utilizing rura l  street  sections, ditches, and natu- 
r a l  watercourses for urban drainage. Little, 
if any, definitive data a re  available about the 
effect of such drainage systems on the quality 
of urban runoff; nor do these systems lend them- 
selves a s  readily a s  piped storm sewage systems 
to the application of water quality improvement 
measures. 

Industrial Waste Sources-Upstream 
from Milwaukee Countv 
Thirteen industries discharged industrial wastes, 
either continuously o r  intermittently, to surface 
waters of the Milwaukee River watershed up- 
stream from the Milwaukee-Ozaukee County line 
in 1967. The locations of these waste discharges 
a re  shown on Map 43, and the source and type 
of waste and treatment provided a re  indicated 
in Table 52. Information on the quantity and 
quality of these industrial waste discharges is 
not available. 

Nine of the industrial waste discharges listed in 
Table 52 were identified in 1968 by the Wisconsin 
Department of Natural Resources as  contributing 
to the pollution of surface waters in the Milwaukee 
River watershed. Orders were issued to the com- 
panies involved to initiate and maintain operating 
procedures that would result in the control of this 
pollution as  prescribed by the state. These orders 
require that the Badger Worsted Mills, Inc. , Line 
Material Industries, and the West Bend Company 
connect to the local municipal sewer systems and 
that De Soto Chemical Coatings, Inc. ; Federal 

Foods, Inc, ; Foremost Foods, Inc. ; Kiekhaefer 
Corporation; Krier Preserving Company; and the 
River Road Cheese Factory construct adequate 
waste treatment facilities. As indicated in Table 
52, several of these industries have partially o r  
completely complied with the orders issued by the 
state; and i t  is anticipated that all of the remaining 
deficiencies will be corrected by the end of 1970. 

Munici~al  Storm Water. Industrial Waste Sources. 
and Stream Water Pollution-Milwaukee County 
As noted in Chapter I of this volume, the dam at 
North Avenue provides a sharp break in the 
hydraulic gradeline of the Milwaukee River, sepa- 
rating the downstream lake estuary from the 
upstream impoundment and terminating any back- 
water effects of downstream developments. Unlike 
for the lake estuary, all water pollution sources, 



including overflows and discharges from com- 
bined sewers, sanitary sewers, storm sewers, 
and waste water systems of industries, tributary 
to the stream above the dam, lie entirely within 
the watershed. The North Avenue Dam, conse- 
quently, constitutes a logical cutoff point for all 
watershed-oriented studies of water quality pollu- 
tion and control in the Milwaukee River system. 
No municipal sew age treatment plants discharge 

effluent to the Milwaukee River below the Milwau- 
kee-Ozaukee County line, all sanitary wastes 
being collected by a centralized sewerage system 
connected to the Jones Island and South Shore 
sewage treatment plants operated by the Sewerage 
Commission of the City of Milwaukee. Both of 
these plants discharge effluent directly to Lake 
Michigan. 

Historic Development: Prior to 1840 the Milwau- 
kee area had no sewers. Storm runoff was allowed 
to flow over the surface of the ground to the near- 
es t  watercourse, while domestic wastes were 
discharged to open gutters running down the 
center of the streets. These gutters discharged 
the raw wastes directly to the Milwaukee River o r  

tributaries to the river. Construction of the f irst  
sewer in the City of Milwaukee was begun in the 
late 1840's. It was built of planks under what is 
now Wisconsin Avenue and extended from the Mil- 
waukee River west to the base of the r ise  border- 
ing the Milwaukee River Valley near where N. 6th 
Street is now located. The purpose of this sewer 
was to rid the area of the sights and smells 
associated with the open carriage of raw sewage 
in the center of the street. Since the raw wastes 
were still to be discharged directly to the river, 
improvement in the condition of the Milwaukee 
River was not an objective of this early sewer 
construction. The river was so dirty in the 
1860's that a papermill which had been built at the 
mouth of the r iver in 1847 was moved five miles 
upstream to find cleaner water. In the 1850's and 
1860fs, numerous small networks of combined 
sewers were constructed to serve the growing 
city, each discharging directly to the river. 

In 1871 i t  was decided to build a large sewer to 
intercept and carry the wastes and storm waters 
from the combined sewer systems serving the 
central areas of the City of Milwaukee to Jones 

TABLE 50 

MUNICIPAL WASTE DISCHARGES I N  THE MILWAUKEE RIVER WATERSHED 
UPSTREAM FROM THE MILWAUKEE COUNTY L INE-  1967 

"SEWAGE TREATMENT PLANT OPERATOR'S REPORT, ON F I L E  W I T H  THE WISCONSIN  DEPARTMENT OF NATURAL RESOURCES* MADISON* 
WISEOMSIN, 

b ~ ~ ~ O ~ ~  ON AN I N V E S T I G A T I O N  OF  THE POLLUTION I N  THE MILWAUKEE R I V E R  B A S I N  MADE DURING 1 9 6 6  AND 1 9 6 7 .  WISCONSIN  
DEPARTMENT OF NATURkL  RESOURCES, D I V I S I O N  OF RESOURCE DEVELOPMENT. MADISON, WISCONSIN  JANUARY, 1 9 6 8 .  

<SEWAGE TREATMENT PLANT OPERATION AND MAINTENANCE PRACTICES  QUESTIONNAIRE^ FEDERAL W A T E R  POLLUTION CONTROL 
A O V I N I S T R A T I O N ~  CHICAGO, I L L I N O I S .  

d ~ O  DATA AVAILABLE .  

'THEWILWAUKeE MILNAUKEE R I V E R  TECHNICAL  
STUDY COCMITTEE. 19'68. 

~ W A T B R  SUPPLY ANO WATER QUALITY CONTROL STUDY, WAUBEKA RESERVOIR, MILWAUKEE RIVER B A S I N *  WISCONSIN. UNITED 
STATES P U B L I C  HEALTH SERVICE, REGION V, CHICAGO, I L L I N O I S ,  OCTOBER. 1965 .  

SOURCE- HARZA ENOINEERING COWPANY. 

WASTE DISCHARGE 
(SEWAGE TREATMENT PLANT)  

I 1) V I L L A G E  OF CAMPBELLSPORT.... 
I 2 )  V I L L A G E  OF KEWASKUM......... 
1 3 )  C I T Y  OF WEST BEND........... 
I 4 )  NEWBURG SANITARY DISTRICT... 
I 5 )  V I L L A G E  OF ADELL-........... 
( 6 1  V I L L A G E  OF RANDOM LAKE...... 
I 7 )  V I L L A G E  OF FREOONIA...,..... 
( 8 )  V I L L A G E  OF SAUKVILLE........ 
I 9 )  V I L L A G E  OF GRAFTON.......... 
1 1 0 )  V I L L A G E  OF JACKSON.......... 
1 1 1 )  C I T Y  OF CEDARBURG..-r....... 
1 1 2 1  V I L L E  OU PARC SUBDIVISION... 

IMEQUONI 
1 1 3 1  V I L L A G E  OF THIENSVILLE-..... 
1 1 4 )  L A C  DU COURS SUBDIVISION.... 

I MEQUON 1 

EST IMATED 
POPULATION 

SERVED 

1,590 
1.800 

15.100 
3 3 0  
3 8 0  
9 5 0  
9 0 0  

1 ~ 2 0 0  
5.100 

5 0 0  
7 ,000  

1 2 0  

3.000 
1 9 0  

EST IMATED BOD 
DISCHARGED (LBS./DAY 

6Db 
1 5 0 b  
450; 

1 0  
l!ib 
~5~ 
2 o b  
2Fib 

1 5 0 b  
1 b b  

1 6 5 ~  
1' 

150 '  
lo 

AVERAGE D A I L Y  
DISCHARGE 

t MGD 1 

0.25' 
0.40' 
1-60' 
0.03' 
0-Obb 
0 .07~  
0 - 0 8 ~  
0.15~ 
0.42~ 
0 -04 '  
1 -10 '  -- d 

0 - ~ 6 ~  -- d 

TREATMENT F A C I L I T I E S  

TYPE 

A C T I V A T E D  SLUDGE 
A C T I V A T E D  SLUDGE 
A C T I V A T E D  SLUDGE 
ACT IVATED SLUDGE 
ACT IVATED SLUDGE 
T R I C K L I N G  F I L T E R  
ACT IVATED SLUDGE 
T R I C K L I N G  F I L T E R  
ACT IVATED SLUDGE 
T R I C K L I N G  F L L T E R  
T R I C K L I N G  F I L T E R  
EXTENDED AERATION 

ACT IVATED SLUDGE 
EXTENDED AERATION 

EFFLUENT 
D I S I N F E C T I O N  

YES 
NO 
YES 
YES 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
--d 

NO 
--d 



T A B L E  5 1  

C A P A B I L I T I E S  ANC OPERATIONAL E F F I C  I E N C  I f  S OF 
M U N I C I P A L  SEWAGE TREATMENT P L A N T S  UPSTREAM FROM 

CILWAUKEE COUNTY I N  THE MILWAUKEE R I V E R  WATERSHED" 1964-1967 

"SOURCE OF D A T A *  UNLESS OTHERWISE NOTED, I S  A REPORT ON AN I N V E S T I G A T I O N  OF THE P O L L U T I O N  I N  THE M I L -  
WAUKEE R I V E R  B A S I N  MADE D U R I N G  1 9 6 6  AND 1 9 6 7 1  W I S C O N S I N  DEPARTMENT OF NATURAL RESOURCES, D I V I S I O N  OF 
RESOURCE OEVELOPMENT, M A O I S O N *  W I S C O N S I N *  JANUARY 23,  1 9 6 8 .  

NAME OF 
SEWAGE TREATMENT P L A N T  

A D E L L  

CAMPBELLSPORT 

CEOARBURG 

FREOONIA 

GRAFTON 

JACKSON 

KEWASKUM 

L A C  OU COURS 

NEWBURG 

RANDOM L A K E  

S A U K V I L L E  

T H I E N S V I L L E  

V I L L E  D U  PARC 

WEST BEND 

E F F I C I E N C Y  OF REMOVAL OF BOD I S  A MEASURE OF T H E  PERCENT OF O X Y D I Z A B L E  MATTER T H A T  I S  REMOVED FROM 
THE RAW SEWAGE WHICH ENTERS THE PLANT D U R I N G  THE TREATMENT PROCESS. 

FEDERAL WATER P O L L U T I O N  CONTROL A D M I N I S T R A T I O N ,  SEWAGE TREATMENT P L A N T  O P E R A T I O N  AND MAINTENANCE 
P R A C T I C E S  QUESTIONNAIRE,  NOVEMBER, 1 9 6 7 .  

SOURCE- W I S C O N S I N  DEPARTMENT OF NATURAL RESOURCES AND HARZA E N G I N E E R I N G  COMPANY. 

COMMENTS 

NEW P L A N T  BEGAN O P E R A T I O N  I N  
1 9 6 4 .  NO FLOW E X I S T S  I N  R E C E I V -  
I N G  WATERCOURSE EXCEPT D U R I N G  
P E R I O D S  OF STORM WATER RUNOFF. 

PLANT ENLARGED I N  1 9 6 3 .  R E C E I V E S  
F I L T E R E D  WASTE FROM M I L K  PRO- 
C E S S I N G  PLANT. 

P L A N T  ENLARGED I N  1 9 6 2 .  

PLANT ENLARGED I N  1 9 6 2 .  R E C E I V E S  
WASTE FROM C H E M I C A L  COATINGS I N -  
DUSTRY. 

REMOVAL OF SUSPENDED S O L I O S  WAS 
INADEQUATE. 

C A P A B I L I T Y  OF P L A N T  TO P R O V I D E  
MORE TREATMENT NOT JUDGED OR DE- 
TERMINED. 

R E C E I V E S  WASTES OF SLAUGHTERING, 
M I L K  PROCESSING, AND M A L T  PRO- 
DUCTION. 

P L A N T  ABANDONED* AND SEWERS OF 
S U B D I V I S I O N  WERE CONNECTED TO 
SYSTEM OPERATED B Y  THE SEWERAGE 
COMMISSION OF THE C I T Y  OF MILW- 
AUKEE I N  1 9 6 8 .  

NEW PLANT BEGAN O P E R A T I O N  I N  
1 9 6 5 .  

NO FLOW E X I S T S  I N  R E C E I V I N G  UA- 
TERCOURSE EXCEPT D U R I N G  P E R I O D S  
OF STORM WATER RUNOFF. 

P L A N T  BEGAN O P E R A T I O N  I N  1 9 5 9 .  

IMPROVEMENTS MADE I N  1 9 6 3 .  

P L A N T  ABANDONED AND SEWERS OF 
S U B D I V I S I O N  WERE CONNECTED TO 
SYSTEM OPERATED B Y  THE SEWERAGE 
COMMISSION OF THE C I T Y  OF MILW- 
AUKEE I N  1 9 6 8 .  

NEW P L A N T  BEGAN O P E R A T I O N  I N  
1966. 

SURVEYED 
DATE 

-- 

11/30/64 
1 2 / 0 1 / 6 4  

7 / 2 0 / 6 7  
7 / 2 1 / 6 7  

1 1 / 2 2 / 6 6  
1 1 / 2 3 / 6 6  

9 / 2 1  /66 
9 / 2 2 / 6 6  

8 / 2 3 / 6 6  
8 / 2 4 / 6 6  

9 / 2 6 / 6 6  
9 / 2 7 / 6 6  

-- 

-- 

9 / 2 7 / 6 6  
9 / 2 8 / 6 6  

1 1 / 2 1 / 6 3  
11 / 2 2 / 6 3  

7 / 2 0 / 6 6  
7 / 2 1 / 6 6  

-- 

-- 

PERCENT E F F I C I E N C Y  
REMOVAL FROM 

PERFORMANCE 
PERCENT 

-- 

43.0 

78.5 

55.0 

60.0 

72.0 

69.0 

-- 

95.0' 

90.0 

06.0 

87.0 

-- 

-- 

I N  BOD 
RAW  WASTE^ 

PROBABLE C A P A B I L I T Y  
PERCENT 

-- 

90 

-- 

90 

90 

-- 

9 D ( + t  

-- 

-- 



TABLE 52  

INDUSTRIAL WASTE OLSCHARGES I N  THE MlLUAUKEE RIVER WATERSHED 
UPSTREAM FROM THE MILWAUKEE COUNTY L INE-  1967' 

I L I L l N E  MATERIAL  INOUSTRIES 
MC GRAM EOISON COVPANY 

LNDUSTRIAL WASTE SCURCE 

I 3 1  P A S S I N I  CHEESE COMPANY. 
INC. 

I 41FOREMOST FCOOS. INC. 

I 5 1 1 H E  K R I E R  PRESERVING 
COVPANY 

1 6 1 R I V E R  ROAD CWEESE 
FACTCRY 

LOCATION 

I 7 1  OE SOT0 CHEUICAL 
COATINGS. INC. 

LOCATLON OF 
DISCHARGE 

I B I B A O G E R  WORSTED M I L L S .  I N C  

R E U A R K S ~  PROOUCT 

I P I L I B B Y .  MC N E I L L .  AN0 
L I B B Y  

1 1 1 0 )  LEVEL VALLEY OAlRY 

TVPE OF WASTE 

1 1 1 1  JUSTRO FEEC CORPDRbTION 

I I Z I K I E K H A E F E R  CORPORATION 

TREATMENT PROVIOEO 

1 I 1 3 1  FEDERAL FOOOS. INC. 

OLD BARTON AREA 
WEST BEN0 

YES1 BEND 

RT 2, PLYMOUTH 

AOELL 

RANOOM L A K E  

RT I. FREOONIA 

FREOONIA 

GRAFTON 

JACKSGN 

CEOARBURG 

CEDARBURG 

THIENSVILLE.  
BOX K 

P I T C H  IMPREGNATED 
F I B E R  P I P E  

COOKING U T E N S I L S  
AN0 SMALL ELECTRI -  
CAL APPLIANCES 

CHEESE 

PROCESS YATER WITH 
PUMP AN0 O I L  WASTES 

WASTE WATER FROM 
U T E N S I L  MASHING 

PROCESS YATER FROM 
CHEESE 

ORlEO UHEY WASH WATER AN0 1 CONDENSATE 

CANNING--CORN. 
PEAS. AN0 J U I C E  

DYE0 YARN PROCESSED WASTE WATER FROM 
FROM WOOL AN0 SYN- DYEING OPERATIONS 
THETIC F I B E R  

CLEANING COMPOLNOS 
AN0 WAXES 

CANNING-- SAUER- HASH M I T E R  AN0 
KRAUT AN0 CARROTS B R I N E S  

HASH MATER FROM 
TANKS AND EQUIPPENT 

BUTTER AN0 
BUTTERMILK 

ANIMAL FOOO FROM 
PACKING HOUSE 
BY PRODUCTS 

OUTBOARD BOAT 
MOTORS AN0 STEM- 
ORIVES AND OVE 

FROZEN* CANNED. AN0 
DRY ANIMAL FOOOS 
FRO* CEREALS. A N I -  
MAL BY PROOUCTSI 
F I S H .  AN0 POULTRY 
1)" *R""l,CTC. 

MASH WATER 

ANIMAL FOOO 

MOTOR TEST WATER 
AN0 COOLING YATER 

PROOUCT WASTES AN0 
COOLING HATER. 

PRETREATMENT OF I N O U S T R I A L  
PROCESSING WATER 

NONE AT PLANT 

S E P T I C  TANKS. LAGOON 

AERATE0 LAGOON 

CANNING WASTES SCREENED 
AN0 I R R l G A T l O N  AN0 J U I C E  
PROOUCTS TO M U N I C I P A L  
SEYAGE TREATMENT PLANT 

S E P T I C  TANK. LAGOON 

HGLOING TANK AN0 S E T T L I N G  
LAGOON AT THE PLANT 

NONE 

SCREENEO AN0 I R R I G A T E D  
I N  SUMMER AN0 LAGOONEO 
I N  WINTER 

AERATION. LAGOON 

LAGOONS. THREE I N  SERIES 

GRAVITY O I L  SEPARATORS 

TO WEST BEND COOLING YATER I S  
M U N I C I P A L  SEWERSr OISCHARGEQ TO 

MILWAUKEE RIVER' 

TO YEST BEND COOLING WATER I S  
M U N I C I P A L  SEWERS' OISCHARGEO TO 

MILYAUKEE  RIVER^ 

NORTH BRANCH OF OPERAl fONS D I S -  
MILYAUKEE R I V E R  CONTINUED I N  1 9 6 7  

AOELL TRIBUTARV COOLING N I T E R  I S  
DISCHARGED 1 D IRECTLY TO ADELL 

S I L V E R  CREEK 
ISHERMAN 
TOWNSHIP) 

- - - . - - . - - 
CAREFULLY RBGU- 
LATED TO PREVENT 1 SHOCK LOADINGS TO 

DURING THE 1 9 6 6 -  
1 9 6 1  SURVEY THERE 
WAS A NEED FOR 
DEVELOPING MORE 
I R R I G A T L C N  AREA. 

TRIBUTARV TO 
MILWAUKEE R I V E R  
NEAR FREOONlA  

I M U N I C I P A L  SVSTEM. 

DURING THE 1 9 6 6 -  
1 9 6 7  SURVEY. T H l S  
PLANT MAS RATEC 
A BORDERLINE POL- 
L U T I O N  PROBLEM &T 
THE L E V B L  OF 
OPERATION THEN 
PRACTICEO. 

SEEPAGE TO 
GROUNO I N  SUMMER 
AND TO CEDAR 
CREEK I N  MINTER I 
NORTH BRANCH 
CEDAR CREEK 

SEEPAGE TO 
GROUNO 

CEDAR CREEK 

TREATMENT F A C I L I -  
T I E S  MERE NEARLY 
CONSTRUCTED I N  

SEPTIC TANKS unlcn 
DISCHARGE I 0  A SWAMP. 

P IGEON CREEK DOORS WERE A 
PROBLEM AT THE 
T I M E  OF 1 9 6 6 - 6 7  
SURVEY. 

' INFORMATION BASE0 ON A SURVEY PUBLISHED AS, REPORT ON AN INVESTIGATLON OF THE POLLUTION I N  THE MILYAUKEE R I V E R  B A S I N  MADE DURING 1 9 6 6  AND 1 9 6 1 .  DEPARTMENT OF 
NATURAL RESOURCES, O I V I S I C N  OF RESOURCE OEVELOPMENTI MADISON. Y l S C O N S l N  JANUARY 23 .  1 9 6 8 .  EXCEPT AS NOTEO. 

b ~ ~ * ~  O E F I C I E N C I B S  I N  WASTE WATER TREATMENT NOTEO M I L L  HAVE BEEN CORRECTED BY THE T I M E  T H l S  REPORT I S  PUBLISHED. 

'BASED ON INFORMATION OBTAINED FROM OPERATOR OF SEYAGE TREATMENT PLANT-  CONNECTEO TO M U N I C I P A L  SYSTEM I N  1 9 6 8  AN0 1969. 

d ~ A ~ ~ ~  ON A D D I T I O N A L  IhFORMATION RECEIVED FROM THE WISCONSIN DEPARTMENT OF NATURAL RESOURCES. O l V l S l O N  OF ENVIRONMENTAL PROTECTION. 

'CONNECT60 TO W U N l C l P A L  SYSTEM I N  1969 .  

SOURCE- Y I S C O N S I N  DEPARTMENT OF NATURAL RESOURCES AND SEWRPC. 

Island for discharge directly and without treat- city. By the late 1870Ts, the pollution carried by 
ment to Lake Michigan. This first intercepting these rivers through the heart of the city created 
sewer was completed in 1886. The sewage and an almost unbearable nuisance. 
industrial wastes from the remaining outlying 
areas of the city and i ts  rapidly developing sub- In 1879 a report was prepared recommending the 
urbs were still  discharged directly and without construction of a tunnel to bring water from Lake 
treatment through the growing combined sewer Michigan to the Milwaukee River for the purpose 
system into the three rivers that flow through the of flushing the river to improve its condition 



during times of low flow. The tunnel was com- 
pleted in 1888. This tunnel discharges water 
drawn from Lake Michigan into the Milwaukee 
River immediately below the North Avenue Dam. 
The lake water provided through the tunnel served 
to dilute the polluted river water, to supply dis- 
solved oxygen to the river to reduce the odor 
nuisance, and to move the polluted river water 
through the downtown area into the lake. Although 
the flushing, which is still  practiced today, did 
alleviate the worst nuisance effects of the polluted 
river, it provided no health protection. 

It soon became apparent that operation of the 
flushing tunnel created a problem of pollution of 
the city water supply by conveying severely pol- 
luted river water more directly to the lake in 
large flows. The city slowly recognized this 
potential danger to the water supply and public 
health. After a bad outbreak of typhoid fever in 
the city in 1913, the City of Milwaukee sought and 
obtained the enactment of State Legislation pro- 
viding for the creation of the Sewerage Commis- 
sion of the City of Milwaukee and charging that 
Commission with the duty of collecting, trans- 
mitting, and disposing of the sewage from the city 
in a safe manner. 

This Commission undertook the construction of an 
extensive intercepting sewer system and a sewage 
treatment plant located on Jones Island. Operation 
of the treatment plant, one of the f irst  large- 
scale, activated sludge-type plants in the United 
States, began in 1925. It was also decided that, 
in all newly developing areas of the City of Mil- 
waukee, separate sewer systems should be built 
for the collection and conveyance of sanitary 
sewage and storm water rather than to continue to 
extend the combined sewer systems that had been 
built in the past. Thus, the last extensions to the 
combined sewer system in the Milwaukee area 
were made in the mid-1920's. Although areas 
developed for urban use since then are  served by 
separate sewer systems, most of the area that 
was sewered prior to the mid-1920's is still  
served by the combined systems. Intercepting 
sewers were built along the Milwaukee River in 
areas served by the combined systems to inter- 
cept the normal dry-weather flow of sanitary 
wastes, a s  well a s  a portion of the storm flows, 
and to convey these to the sewage treatment plant. 
Excess flows during storm periods, however, 
were and still  a re  discharged directly to the river. 

It soon became apparent that, if water pollution 
was to be abated in the Milwaukee area, an inter- 
cepting and trunk sewer system would have to be 
developed which could collect sewage from all 
communities in the immediate drainage area and 
convey them to the Jones Island plant for treat- 
ment prior to discharge, since upstream pollution 
of the r ivers by suburban communities would 
perpetuate the very problem that the proposed 
intercepting sewers and the sew age treatment 
plant constructed by the City of Milwaukee were 
intended to eliminate. Thus, in 1921 State Legis- 
lation was sought and obtained, which created the 
Metropolitan Sewerage Commission of the County 
of Milwaukee and defined i ts  service area as those 
portions of Milwaukee County lying within the 
Milwaukee, Menomonee, and Kinnickinnic River 
drainage areas. The Commission was charged 
with the duty and function of constructing trunk 
sewers outside the City of Milwaukee, but within 
the same drainage basin, to transport the sewage 
from the various suburban districts to the inter- 
cepting sewer system of the city and then to 
the treatment facilities. Subsequent legislation 
empowered the Commissions to enter into con- 
tracts with municipalities to provide service to 
drainage areas tributary to the metropolitan sew- 
erage district. In 1959 State Legislation was 
obtained permitting the enlargement of the metro- 
politan sewerage district to include all of Mil- 
waukee County. Today all of Milwaukee County, 
except the City of South Milwaukee, which elected 
to remain separated, is serviced by the trunk 
sewer system of the metropolitan sewerage dis- 
trict, a s  are certain areas of Ozaukee and 
Waukesha Counties. 

Basic Features of the Sewerage System in Mil- 
waukee County: The sewerage system of the Met- 
ropolitan Sewerage District of the County of 
Milwaukee is planned, constructed, operated, and 
maintained through i ts  two operating agencies: the 
Metropolitan Sewerage Commission of the County 
of Milwaukee and the Sewerage Commission of the 
City of Milwaukee. At present, there are  two 
major plants treating sewage from a system 
that serves a resident population in excess of 
1 million persons in a service area of about 
353 square miles. Of this total, 53.89 square 
miles, o r  15 percent, are located within the Mil- 
waukee River watershed. Map 44 shows the loca- 
tion of the two metropolitan sewage treatment 
plants and the main and intercepting sewers com- 
prising the sewerage system. 
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Most residents of the lower watershed and, indeed, the entire Milwaukee metropolitan area now take for granted the extensive 
sewer system and sewage treatment facilities constructed by the joint Milwaukee-Metropolitan Sewerage Commissions sub- 
sequent to severe outbreaks of typhoid fever within the Milwaukee area in the early part of this century. Until the mid- 
1920's, no treatment of sanitary sewage was provided at all in the Milwaukee area, with the raw sewage being discharged 
directly to watercourses. Since that time the joint Commissions have constructed two large sewage treatment plants, 
having a combined existing capacity of 320 million gallons per day, and an extensive system of main, relief, and intercepting 
sewers. When the current construction program is completed, it is expected that all discharges of raw sewage originating in 
the separate sewered area to watercourses will have been eliminated. 

Source: Milwaukee - Metropolitan Sewerage Commissions and SEWRPC. 



Sanitary sewer service in the District is provided 
by two types of sewer systems: separate and 
combined. The separate, or sanitary sewer, sys- 
tems are designed to carry only liquid wastes, 
termed sanitary waste waters, from residences 
and commercial, industrial, and institutional 
buildings, together with relatively minor quanti- 
ties of ground, storm, and surface waters that 
are  not intentionally admitted to the system. The 
combined sewer systems are designed to carry 
both sanitary and storm or  surface waters and are 
not only connected to buildings but also to street 
catch basins and inlets. Storm water runoff in the 
separately sewered areas is conveyed by a sepa- 
rate storm sewer system directly to the streams 
o r  to the lake. All flow in the separate sanitary 
sewers, the service area of which constitutes 
82 percent of the total sewered area in the 
district, but 90 percent of the sewered area 
within the Milwaukee River watershed, is conveyed 
directly to the two treatment plants through the 
trunk sewers. During periods of high ground 
water levels and sustained rainfall, when exces- 
sive amounts of extraneous flow may enter the 
sanitary sewer system causing serious surcharg- 
ing, relief pumping stations, portable pumps, and 
gravity bypasses may discharge sewage from the 
separate system directly to storm sewers and 
watercourses. 

All flow in the combined sewers i s  conveyed 
through intercepting sewers to the Jones Island 

treatment plant, except when there is significant 
runoff from rainfall or snowmelt. Control devices, 
similar to that shown in Figure 35, pass the dry- 
weather-sanitary flow from the combined sewers 
to the intercepting sewers and then to the treat- 
ment plant. When the runoff from rainfall or 
snowmelt exceeds 0.01 inch per hour:* the addi- 
tional flow generally bypasses the control devices 
and is discharged directly to the streams or to 
Lake Michigan. 

Normally all sewage conveyed to the Jones Island 
plant is given secondary treatment. The two 
siphons which convey all flow to the plant have a 
capacity of 300 mgd. The activated sludge treat- 
ment plant has a rated capacity of 200 mgd, with 
treatment efficiency decreasing during periods of 
sustained greater flows. To maintain overall 
plant efficiency, the plant is provided with an 
overflow facility, which permits the bypassing of 
excess sewage flows to the harbor. Prior to 
such bypassing, the bypassed sewage is given 
rough screening. 

The South Shore sewage treatment plant began 
operation in 1968 and is presently providing only 
primary treatment and chlorination. Trunk sewers 

 alter E. Kroenina. Senior Enaineer. Seweraae Commis- 
sion o f  the City o f  kilwaukee, The Design, ~ k r a t i o n ,  n& 

Overflows contributed from separate sanitary sewers to streams in the lower Milwaukee River watershed are estimated 
to average about 7.5 million gallons per day, or about 2.73 billion gallons annually. These overflows create very intense, 
short-term shock effects in the receiving streams. Much of this raw sewage comes to the streams through large storm 
sewers, such as the twin double-box storm conduits shown in the photo at left, located near N. 35th Street and Lincoln 
Creek in the City of Milwaukee. The middle photo, taken from the top edge of one of the conduits, shows the visual contrast 
in the waters entering the Creek, indicating the probable discharge of raw sewage to the storm water. Raw sanitary sewage 
can enter these storm sewers at a number of relief points upstream. The photo at right, taken near the storm sewer out- 
let at left shows the extent of concern by local public health officials over the polluted condition of Lincoln Creek. 

SMPC Photos 
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Source: Sewerage Commission of the City of Milwaukee. 

connected to the new plant have been constructed 
to the vicinity of S. 60th Street and W. National 
Avenue, and a program of trunk sewer extension 
is being vigorously pursued. With the completion 
of this trunk sewer construction program and the 
scheduled operation in 1972 of 120 mgd of second- 
ary treatment capacity at the South Shore plant, 
this new plant should be capable of treating sew- 
age flows from all of the Milwaukee urbanized 
area lying west of 60th Street and east of the sub- 
continental divide. At that time the loading on the 
Jones Island plant and the frequency of bypassing 
at the Jones Island Plant will be greatly reduced. 
The sewers at junction points between the older 
sewers and the new trunk sewers a re  being 
designed to permit selective routing of sewage 
from most points in the metropolitan system to 
either the Jones Island o r  the South Shore plants, 
thus utilizing the full capacity of the plants at all 
critical times. 

Sewer Overflow Points: The number and locationof 
all known points in the Milwaukee River watershed 
and the City of Milwaukee outside the watershed at 
which combined sewage i s  discharged directly to 
streams o r  to Lake Michigan o r  at which sanitary 
sewage i s  discharged either directly to streams 
o r  the lake o r  indirectly via separate storm sewer 
systems are summarized in Table 53, and detailed 
listings are  presented in Appendix H. As already 
noted, no areas in the Milwaukee River watershed 
outside Milwaukee County are known to be pres- 
ently served by combined sewers. The total area 

withinMilwaukee County presently served by com- 
bined sewers is approximately 17,200 acres, of 
which 5,800 acres lie within the Mi lwaukee River 
watershed and are tributary to the Milwaukee 
River. The remaining 11,400 acres lie in the 
Kinnickinnic and Menomonee River watersheds o r  
a re  directly tributary to Lake Michigan. The only 
portion of the Milwaukee River watershed that is 
served by a combined sewer system lies within 
the City of Milwaukee and the Village of Shore- 
wood. Of the 5,800 acres of combined sewer 
service area in the Milwaukee River watershed, 
approximately 2,100 acres are tributary to the 
Milwaukee River upstream from the North Avenue 
Dam. The approximate boundaries of the service 
areas of the combined sewers and the Milwaukee 
River watershed boundary which divides the total 
combined sewer service area are  shown on Map 
45. There are  a total of 112 combined sewer 
outfalls in the Milwaukee metropolitan area  from 
which mixed sewage and storm-water flows are  
discharged directly to river and lake waters. 
Sixty-two of these outfalls discharge to the Mil- 
waukee River system between Capitol Drive and 
the mouth of the river. Of these 62 outfalls, 
10 discharge to the river system above the North 
Avenue Dam, 43 discharge to the river between 
the North Avenue Dam and the mouth of the 
Menomonee River, and 9 discharge to the river 
below the mouth of the Menomonee River. The 
locations of the 62 combined sewer outfalls that 
discharge to the Milwaukee River system a re  
shown on Map 46 and a re  listed in Appendix H. 

There are 186 known relief discharge points where 
sanitary sewage o r  mixtures of sanitary sewage 
and storm water are discharged during periods of 
sewer surcharge either directly to surface waters 
o r  indirectly to such waters via the storm sewer 
system within the watershed and the City of Mil- 
waukee outside the watershed. These relief points 
consist of gravity-flow crossovers from the sani- 
tary to the storm sewer system, portable pumping 
stations at which sanitary sewage is discharged to 
storm sewers o r  directly to surface water, and 
permanent pumping stations at which sanitary 
sewage is discharged to storm sewers o r  directly 
to surface waters. Of the 186 known relief dis- 
charge points other than the combined sewer out- 
falls, where untreated sewage may be discharged 
to surface water in the watershed and the City of 
Milwaukee outside the watershed either directly 
o r  via the storm sewer system, 91 discharge 
within the boundaries of the Milwaukee River 
watershed. The location and type of bypass and 



Combined sewer overflows, which discharge directly to the Mil- 
waukee River at sixty-two locations in the watershed, have a fre- 
quent, severe, adverse impact on the water quality of the Milwaukee 
River. This large combined sewer outfall, located on the Milwaukee 
River beneath the Locust Street bridge in the City of Milwaukee, 
is 78 inches in diameter and can discharge raw sewage to the 
River at rates in excess of 100,000 gallons per minute. This out- 
fall is one of the smaller outfalls along the banks of the Milwaukee 
River. Other outfalls range in size from 12 inches in diameter up 
to a twin conduit having two barrels each,9 feet by 4-H feet in she. 
It is estimated that the combined sewers overflow and discharge a 
mixture of storm water and raw sanitary sewage to the waterways 
in the Milwaukee area an average of 52 times a year. One of the 
major objectives of the watershed study is to explore alternative 
means of abating this source of water pollution and recommend a 
method for solving this problem not only in the 5,800 acre com- 
bined sewer service area of the Milwaukee River watershed but 
throughout the entire 17,200 acre combined sewer service area 
in Milwaukee County. 
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Until the mid-1920's, all development in the Milwaukee area was designed to be served by combined sanitary storm sewers, 
which sewers discharged directly to watercourses. Most of this area, totaling about 17,200 acres, is still served by the com- 
bined systems today. Intercepting sewers have been built in this area to intercept the normal dryweather Row of sanitary 
wastes in the combined sewers, as well as a portion of the storm flows, and convey these flows to the Jones Island sewage 
treatment plant. Excess flows during storm periods, consisting of raw sanitary sewage and storm water, are discharged to 
watercourses an average of 52 times per year. A total of 62 combined sewer outfalls, serving a 5,800 acre combined sewer 
service area in the Milwaukee River watershed, discharge directly to the Milwaukee River. 

Source: Milwaukee-Metropoliran Sewerage Commissions and City Engineer, City of Milwaukee. 
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Of the 112 combined sewer outfalls which exist in the Milwaukee metropolitan area, 62 discharge to the Milwaukee Aiver 
between Capitol Drive and the mouth of the River. Of the 186 known relief discharge points on the separate sanitary 
sewerage system in the metropolitan area, 91 discharge within the boundaries of the Milwaukee River watershed, including 
59 crossovers, 12 bypasses, 7 relief pumping stations, and 13 portable pumping stations. These sewer overflow points, 
which discharge raw sewage to the Milwaukee River system, presently constitute the singularly greatest source of stream . 
water pollution in the lower watershed. One important objective of the Milwaukee River watershed study is to recommend 
a plan for the alleviation of the pollution caused by sewer overflows to the Milwaukee River. 

Source: City of Milwaukee Bureau of Engineering and Sewerage Commission of the City of Milwaukee. 



the initial receiving stream for bypassed flows for 
these 91 relief points are  listed in Appendix H. 
The location of these relief points i s  indicated on 
Map 46. 

Program for Control of Overflow from Sewers: 
One important objective of the Milwaukee River 
watershed study is to recommend a plan for the 
alleviation of pollution caused by sewer overflows 
along the Milwaukee River. This objective is 
given added importance and urgency by the fact 
that the Secretary of the U. S. Department of the 
Interior in 1968 convened an interstate conference 
at Chicago to consider the matter of pollution of 
the waters of Lake Michigan and its tributary 
basin. The conferees, which included the State of 
Wisconsin, agreed upon, and the Secretary of the 
Interior approved, a recommendation that con- 
tinual disinfection be provided for all sanitary 
wastes by 1969; that adequate biological treatment 
be provided for all of the flow of sanitary sewers 
by 1972; and that pollution from combined sewers 
be abated by 1977. 

Characteristics of Overflow from Combined Sew- 
ers: There is little definitive data available on the 
amount and character of combined sewer over- 
flows. In a report16 prepared by the U. S. Public 
Health Service, i t  was noted that the average 
overflow from a combined sewer system may 
contain from 3 to 5 percent raw sewage and that, 
during storm peaks, as much as 95 percent of the 
sanitary sewage in the combined sewer may over- 
flow directly to the receiving stream. In a 
report17 prepared in 1957, i t  was estimated that 
the combined sewers overflow and discharge a 
mixture of storm water and raw sanitary sewage 
to the waterways in the Milwaukee area an aver- 
age of 56 times a year. That report, however, 
did not contain any information on the quality of 
the overflows. Several sewage flow monitoring 
stations have been constructed in a 570-acre 
combined sewer service area in the City of Mil- 

l6 Public Health Service Publication No. 1246, Pollutional 
Effects of Stormwater and OverJlaws from Combined Sewer 
Systems, Washington, D. C., 1964. 

17~lvord,  Burdick, and Howson, Consulting Engineers, Re- 
port on Reduction of Pollution from Sanitary and Combined 
Sewers, Metropolitan Sewerage District, Milwaukee, Wis- 
consin. 1957. 

waukee. These stations, however, did not become 
fully operational until July 1969 and, consequently, 
could provide little data to this study on the 
quality and quantity of the combined sewer over- 
flows to the Milwaukee River. 

Review of the estimate of the frequency of occur- 
rence of overflows from the combined sewers in 
the Milwaukee area referred to above indicates 
the estimate to be reasonable. Analysis of rainfall 
records for a 16-year period, extending from 1949 
to 1964 made by the Harza Engineering Company 
as  a part of a similar study in the Chicago area," 
indicated that an average of 52 rainfall-runoff 
events could be expected per year. This is the 
average of some 837 runoff events in excess of the 
initial rainfall retention capacityJ9 

An indication of the quality of overflows from 
combined sewers serving an urban area  similar to 
the Milwaukee metropolitan area may be gained by 
examining the results of studiesz0 conducted on 
overflows in the City of Detroit. The area studied 
in Detroit consists of residential, commercial, 
and heavily industrialized areas, as does the com- 
bined sewer area in Milwaukee. The results of the 
studies, in terms of mean concentrations of var- 
ious constituents in the overflows, are presented 
in Table 54,  together with concentrations of the 
same parameters in a typical sanitary sewage. 
The results of laboratory analyses made of "grabtt 
samples collected during periods of overflow from 
combined sewers in the Milwaukee area are  tabu- 
lated in Table 55. The results of these analyses, 

18 Hydrologic analyses made as a part of the Southeastern 
Wisconsin Regional Planning Commission Root River water- 
shed planning program demonstrated that rainfall frequencies 
and intensities are similar in the Chicago and Milwaukee 
areas, and data on such frequencies and intensities may be 
used interchangeably for evaluations of this type. 

l9 On impervious areas 0.06 inch of rainfall is estimated to 
be required to satisfy initial rainfall retention and 1.25 
inches on pervious areas. 

2 0 ~ e e  R.J. Burm and R.D. Vaughan, "Bacteriological Com- 
parison Between Combined and Separate Sewer Discharges 
in Southeastern Michigan," Journal Water Pollution Control 
Federation, Vol. 28, No. 3, March 1966, and R.J. Burm, 
G.L. Harlow, and D.F. Krawczyk, "Chemical and Physical 
Comparison of Combined and Separate Sewer Discharges," 
Journal Water Pollution Control Federation, Vol. 40, No. 1, 
January 1968. 



T A B L E  54 

COMBINED SGWER OVERFLOW A N A L Y S E S ~  
D E T R O I T *  M I C H I G A N  

aCOC81NE0  SEWER OVERFLOY Q U A L I T Y  I S  T A K E N  FROM THE R E S U L T S  OF  THE C I T Y  OF  D E T R O I T  S T U D I E S  
D E S C R I B E D  I N  THE ACGOCPANYING TEXT, 

~ T V P L C A L  AVERAGE VALUES FCR COMPARATIVE PURPOSES ONLY*  

CONCENTRAT I O N  
I N  SEPARATE 

SEWER OVERFLOW 

28 
2 1 0 8 0  

2 1 8  
1 9 5 9 0  

140 
3.5 

5 -- 
3 4 0 r 0 0 0  TO 

4 , 0 0 0 * 0 0 0  
1 0 , 0 0 0  TO 

3 5 0  r 0 0 0  

C ~ O ~ T ~ L Y  M E D I A N  O E N S L T I E S  OF  T H E  MEAN T O T A L  C O L I F O R M  CONCENTRATION V A R I E D  FROM 2 1 0 0 0 1 0 0 0  
TO 4 3 r O O O r 0 0 0  FOR THE E I G H T  MONTHS O F  S A M P L I N G  ANC FROM 8 9 0 . 0 0 0  TO 7 , 6 0 0 r 0 0 0  FOR F E C A L  
C G L L F C R H  CCNCENTRAT LCNL, 

CONCENTRATION 1 2  
S A N I T A R Y  SEWAGE 

3 5 0  
2 5 0  
160 
1 8 0  

1 3 0  
3 0  
6 0 

( 1 0 )  
2 0 9 0 0 0 1 0 0 0  

5 ,000,000 

PARAMETER 

BOD (FEVE-OAY)  (MG/l).*..,........ 
SUSPENDED S O L I D S  ICG/l)-........*. 
V O L A T I L E  SUSPENDED S O L I D S  (nG / l ) , .  
S E T T L E A B L E  SOLLOS tMG/l)....-..... 
I O S A L  V O L A T I L E  S E T T L E A B L E  

S O L I D S  ( M G / l k - - . . r - . - - o . . . o o * . . i .  
T O T A L  N I T R O G E N  (MG/11...-,.0...,-. 
TOTAL  PHOSPHATE IMGIl).-*,.-*.*.-, 

( A S  PHOSPHORUSL (MG/l)-o.*oo...- 
T C T A L  COL IFORMS (MFCC/ lOOML) - . ooo .  

F E C A L  C O L I F O R H S  (MFCC/lOOML).*..,. 

SOURCE- HARZA E N O I N E E R I N G  COMPANY, 

MEAN CONCENTRATION 
COMBINED SEWER OVERFLOW 

1 5 3  
2 7 4  
1 1 7  
2 3 8  

9 7 
1 7  
1 5  

( 5 )  
2 c 3 0 0 r C 0 0  TO 

4 3 r O C 0 1 0 0 0 ~  
8 9 0 r C 0 0  TO 

7 1  6CO.00OC 

TABLE 55 

COMBLNEO SEWER OVERFLOW ANALYSES 
MILWAUKEEI WISCONSIN-  1967 AND 1968 

O A r E  AN0 T IME OF SAMPLE COLLECTION 

OAS REPORTEDI R A I N F A L L  BBGAN ABOUT 1 1 : 0 0  A.M.. AN0 THE HIGHEST I N T E N S I T Y  APPARENTLY OCCURRED ABOUT 1 : 0 0  P.M. SAMPLE WAS COLLECTED FROM 
COPBINED OVERFLOW AT THE 72- INCH CIAMETER OUTFALL IMMEDIATELY NORTH OF HUMBOLO1 AVENUE ON THE WEST BANK OF THE MILWAUKEE RIVER. 

9 / 2 6 / 6 7  
P&RAMETER 1 : 3 0  

b~~ SAMPLE T I M E  REPORTEO. SAMPLE MAS COLLECTED FROM COMeINEO OVERFLOW AT AN OUTFALL ON THE WEST 8ANK OF THE MILUAUKEE R I V E R  NEAR THE 
INTERSECTION OF HUCBOLDT AVENUE AN0 COMMERCE STREETL 

'S ITE U N I D E N T I F I E D -  R A I N F A L L  WAS REPORTEO TO HAVE BEGUN SHORTLY BEFORE 1 2 : 3 0  P.M. 

d ~ ~ E ~ ~ ~ ~  OF THREE SAMPLES. 

OISSOLVEO OXYGEN lMG/Ll....... 
8 0 0  (F IVE-DAY)  IMGILI.r....... 
ACMONIA NITROGEN IMGlL)....... 
TOTAL KJELDAHL NITROGEN I M G / L I  
TOTAL C O L I  FORMS lMFCC1100ML 1 .. 

F E C A L  COLIFJRMS lMFCC/100@lLl.. 
COO lMGfLl--.--..-............ 
PH-.-....-..-..--............. 
CMLORIOE IMGlL)... ............-- 
TOTAL SOLIDS IWGILI........... 

F I X E D  IMGILI-............. 
V O L A T I L E  IMG/LI.,......... 

TOTAL SUSPENDED S O L I D S  I M G I L I .  
F I X E D  IMQ/LI-............. 
V O L A T I L E  IMG/L).........,. 

TOTAL DISSOLVED SOLIOS ( M G I L I .  
F I X E D  lMG/L)--.--.....--.. 
V O L A T I L E  IMG/L).......-.a. 

SOURCE- HARZA ENGINEERING COMPANY AN0 MAROUETTE U N I V E R S I T Y *  OEPARTWENT OF C I V I L  ENGINEERING. 

- 
5.59 

3 1 3  U 2 9 4  
3.64 

1 0 . 5 2 ~  
3 r 9 0 0 .  0 0 0  

640 .000  -- -- 
-- -- 
.. - 
.. 
.. -- -- - 

although considered to be representative of the which are  particularly rich organically and bac- 
combined sewer service area  upstream from the teriologically. 
North Avenue Dam, may not be entirely represen- 
tative for the entire combined sewer service area Table 56 indicates the potential effect of combined 
of Milwaukee, particularly for those areas in sewer overflows on the Milwaukee River upstream 
which breweries contribute industrial wastes, from the North Avenue Dam. The volume of 



TABLE 56 

P O T E N T I A L  EFFECT OF COMBINED SEWER OVERFLOWS ON THE HATER Q U A L I T Y  
OF THE MILWAUKEE RIVER ABOVE THE NORTH AVENUE DAMO 

'AVERAGE AUGUST RIVER FLOW BASED ON 1 6  YEARS OF RECORD (1949-1964) FOR ESTABROOK PARK GAGE- AVERAGE FIVE-DAY 20°c BOO 
OF RIVER AN0 COMBINED SEWER OVERFLOW. 

RAINFALL 
RUNOFF 

OEPTH 
1 INCHES) 

0-0.05 
0.05-0- LO 
0.10-0.30 
0.30-0.60 
0-60-1.00 
1.00-2.00 
4.00-5.00 

d ~ l ~ ~ ~ ~ ~ ~ ~  OXYGEN CONCENTRATION AT SUMMER WATER TEMPERATURE OF 25'C (77 'F I -  

eFREPUENCY ANALYSIS BASED ON 16 YEARS OF RECORD 11949-1964) I N  THE CHICAGO METROPOLITAN AREA. 

'AVERAGE FIVE-DAY BOD AT 20°C OF 150 MGlL. AS REPORTED BY R. J. BURM. ETAL. I N  1968 FOR OVERFLOWS FROM COM8INEO SEWERS 
OF DETROIT. 

ANNUAL  NUMBER^ 
OFRUNOFF 

EVENTS 

16 
8 

15 
9 

3.25 
1.32 
0.12 

SOURCE- HARZA ENGINEERING COMPANY- 

BOO PER 
EVENT' 

(POUNDS) 

l t 8 0 0  
5.400 

141000 
32.000 
581000 

1 0 8 ~ 0 0 0  
2 8 7 ~ 0 0 0  

VOLUME OF 
COMB INEO 

SEWER 
OVERFLOWS~ 

(ACRE-FEET 
PER EVENT) 

4.4 
13.2 
35 
7 8 

140 
260 
700 

rainfall-runoff that may be expected to occur 
during an average rainfall year from the 2,100- 
acre combined sewer service area above the Dam 
and the number of times such runoff may be 
expected to occur are shown. The runoff volumes 
tabulated are equivalent to overflows, since i t  
may be assumed that. the interceptors would be 
flowing at capacity when runoff occurs. The bio- 
chemical oxygen demand (BOD) was calculated for 
the volume of overflow using an average value of 
150 mg/l. The average annual quantity of BOD 
discharged to the river above the North Avenue 
Dam from the combined sewers is estimated as 
approximately 935,000 pounds, equivalent to the 
average annual deoxygenating effects of the raw 
wastes of a population of approximately 15,000 
persons?' It is estimated that combined sewer 
overflows contribute about 10 percent of the aver- 
age BOD arriving in the impoundment of the 
North Avenue Dam during an average year. The 

21 The population equivalent of 15,000 persons was computed 
assuming the production of approximately 0.17 pound of 
BOD per capita per day, a value widely used in sanitary 
engineering. Data for the Jones Island sewage treatment 
plant indicate that the domestic, commercial, industrial, 
and urban runoff influent to the plant averages about 0.45 
pound of BOD per capita per day. Utilizing this per capita 
production in the computations would result in an equivalent 
population of 5,700 persons. 

RIVER CONDITION I N  AUGUST WITH AVERAGE FLOW 1170 CFS)' 

remaining 90 percent of the BOD originates with 
upstream flows and is contributed to those flows 
by industrial discharges, surface and storm sewer 
runoff, and from relief overflows from the sani- 
tary sewer systems. 

The 10 percent figure does not indicate, however, 
the shock effect of combined sewer overflows on 
the river. The BOD load from the combined sewer 
overflows occurs as  a concentrated loading over a 
relatively short time interval and, therefore, can 
be particularly damaging. The average daily dis- 
charge of the Milwaukee River during the month of 
August was 170 cfs during the 16-year period of 
record, extending from 1949 to 1964, for which the 
rainfall analyses were made. Measurements of 
dissolved oxygen levels in the Milwaukee River 
immediately upstream from the North Avenue Dam 
average about 5 mg/l. The reduction of the dis- 
solved oxygen in the river due to overflows with 
different recurrence intervals was calculated for 
the 24-hour period following commencement of 
overflow. It was assumed that the average veloc- 
ity of flow in the river was 0.1 foot per second 
and that the water temperature was 76'~. Under 
these conditions an overflow of only 0.025 inch 
from the tributary drainage area would result in a 
reduction of dissolved oxygen below 4.0 mg/l. An 
overflow of 0.1 inch or  more may be expected to 

WITHOUT OVERFLOW WITH COMBINED SEWER OVERFLOW 

0 0  
I M G I L I  

5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 

VOLUME/OAY 
(ACRE-FEET) 

340 
340 
340 
340 
340 
340 
340 

Ood 
24 HOUR 

AFTER 
OVERFLOH 

(MGIL) 

3.93 
3.07 
0.35 
0 
0 
0 
0 

VOLUME/OAY 
(ACRE-FEET) 

344 
353 
375 
418 
480 
600 

1.040 

BOOIDAY 
(POUNDS) 

4.600 
4.600 
41600 
4.600 
4.600 
41600 
4.600 

BOO' 

IPOUNOS/OAYI 

6.400 
10.000 
18.600 
36.600 
621600 

1121600 
2 9 1  r 600 

(MG/L) 

7 
1 0  
1 8  
3 2 
4 8 
69  

103 



reduce the dissolved oxygen content of the Mil- 
waukee River above the North Avenue Dam to less 
than 1.0 mg/l, a level below which anaerobic con- 
ditions can develop. 

It may be concluded from these analyses, even 
though necessarily based upon the limited stream 
and sewer overflow water quality data presently 
available, that overflows from combined sewers 
have a frequent, severe, adverse impact on the 
water quality of the Milwaukee River upstream 
from the North Avenue Dam and that, in the pres- 
ence of these overflows, the river will be unfit for 
whole- or partial-body -contact-recreational use 
or  for the maintenance of a balanced warm- 
water fishery. 

Characteristics of Overflow from Sanitary Sewers: 
The separate sanitary sewerage systems located 
in the watershed upstream from the North Ave- 
nue Dam are  believed to contribute even more 
severely at present to the overall stream water 

pollution problem than do the combined sewers, 
with very intense, short-term shock effects being 
created in the receiving streams of the Milwaukee 
River system. As shown in Table 57, overflow 
contributed from the sanitary sewers is estimated 
to average about 7.5 mgd, or 2.73 billion gallons 
annually, in this reach of the river. It is esti- 
mated that these overflows contribute 168,000 
pounds of phosphorus and about 5 million pounds 
of BOD to the streams above the North Ave- 
nue Dam. 

The foregoing estimates of pollutants which enter 
the stream systems in the Milwaukee area were 
developed in several steps. Estimates were first 
made of the number and volume of overflow events 
which take place from combined sewers utilizing 
long-term rainfall records. As previously noted, 
an average of about 50 such events may be 
expected per year. Flow records on file at the 
Jones Island sewage treatment plant were then 
used to verify this estimate. Even though different 

TABLE 5 7  

POPULAT ION E O U I V A L F N T S  ANC ANNUAL UUDt PI'I?SPHQRUSI AND VOLUNES Of 
SEWAGE O V E R F L O k S  r0  STREAMS I N  THE MILNAUKEE-KETROPUL ITAN SEWTRAGE DISTRICT' 

COMBINED SEWERS 

UPSTREAM NORTH AVENUE DAM 
1 9 3 5 , 0 0 0  L B S  BOD/YR.I + 1 1 6 5  LBS/CAPITA/YR. )  = 

REMAINDER OF AREA 
1 1 7 , 2 0 0  ACRES TOTAL A R E A / 2 1 0 0  ACRES UPSTREAM 

OF DAM) X 5 . 6 6 0  PERSONS - 5 , 6 6 0  = 

FLOWS I N  EXCESS OF SEWAGE TREATMENT P L A N T  C A P A C I T Y  I 

PERSONS 
I NUMBER) 

1 5 0  MGD) 1 8 0 0  + 2 4  DAYS)  1 2 / 3  X 3 5 0  MG/L )  18.3 LB. 
BODIM. GAL /MG/L )  + 1 1 6 5  LBS. BOO/CAPITA/YR.)  = I 

PHOSPHORUS I P )  
I L B S )  

BOO 
I L B S )  

S A N I T A R Y  SEWERS 

UPSTREAM NORTH AVENUE DAM 
2 7 3 4  X l o 6  GAL/YR. X 1 2 / 3  X 3 5 0 )  ( 8 . 3 / 1 6 5 )  = 

REMAINDER OF AREA 
SET EQUAL TO UPSTREAM = 

ANNUAL OVERFLOW 

GAL X l o 6  1 MGO 

1 T O T A L  E Q U I V A L E N T  PERSONS 1 1 3 0 . 0 0 0  1 21 ,465 ,000  1 6 8 4 1 0 0 0  1 1 3 , 2 3 5  1 36.3 1 
CHECK- 

PERCENT OF T I M E  EXCESS FLOWS OCCUR- 
[ t a o o  HRS) + 1 3 6 5  x 2 4 ) i  1 0 0  = 9.14% 

PERCENT E Q U I V A L E N T  P O P U L A T I O N  I S  OF PEOPLE SERVEO- 
[ 1 1 3 0 r 0 0 0 )  f 11.1 X l o 6 ) ]  100 = 11.8% 

T H I S  CHECK I S  RELATED E N T I R E L Y  TO SEWAGE STRENGTHS AT THE JONES I S L A N D  WASTE WATER TREATMENT P L A I T  AND 
TO POPULATION SERVED. CORRELATION OF P O L L U T I O N  LOADINGS TO STREAMS W I T H  DOMESTIC SEWAGE STRENGTHS COULD 
DOUBLE OR T R I P L E  E Q U I V A L E N T  POPULATION. 

OPRIOR TO OPERATION OF THE SOUTH SHORE WASTE WATER TREATMENT PLANT. 

SOURCE- HARZA E N G I N E E R I N G  COMPANY. 



basic data were used in the two analyses, flows, 
both in the combined sewers and at the Jones 
Island plant, appear, on the average, to exceed 
facility capacity about 50 times per year. Since 
the need to bypass sewage at the Jones Island 
plant is related to large flows in the interceptor 
and trunk sewers, it may be assumed that sanitary 
sewers may also be expected to surcharge on the 
average of about 50 times per year and for a total 
period of about 800 hours. 

As already noted, crossovers and bypasses gen- 
erally 12 to 15 inches in diameter have been 
constructed at 71 critical points in the sanitary 
sewerage system to relieve surcharging. These 
crossovers and bypasses permit surcharged sani- 
tary sewers to discharge by gravity to storm 
sewers. At times when the storm sewers also 
become surcharged, gates close; and the cross- 
over flow from the sanitary sewers ceases. The 
location of these crossovers and bypasses i s  indi- 
cated in Appendix H and shown on Map 46. These 
crossovers and bypasses were assumed to operate 
at a velocity of 1.0 foot per second, o r  at a flow 
rate of about 450 gallons per minute. Surcharged 
separate sanitary sewers are also relieved by 

portable pumps operated at 13 points in the Mil- 
waukee River watershed and by sevenfixed pumping 
stations. The locations of these pumps and pump- 
ing points are also indicated in Appendix H and 
shown on Map 46. The portable pumps have capa- 
cities of 300 to 700 gpm, with one pump having 
a capacity of 1,300 gpm, for an estimated average 
capacity of about 500 gpm. The capacity of the 
fixed pumping stations along the Milwaukee River 
and tributaries upstream from the North Avenue 
Dam total 81,500 gpm. In addition, some bypassing 
occasionally occurs at the Manor Road lift station. 

Based on the assumptions as to fP3IuenCy of 
sewer overflows and the estimated capacities of 
the relief facilities, an estimate was made ini- 
tially of the volume of the overflows from the 
sanitary sewers which may be expected annually 
to enter the Milwaukee River upstream from the 
North Avenue Dam and, subsequently, the entire 
Milwaukee metropolitan area. It was assumed 
that the gravity crossovers and bypasses would 
operate about 400 of the 800 hours that overflows 
may be expected to occur and that, due to sur- 
charging of storm sewers, would be closed the 
remaining 400 hours. It was assumed that the 

Separate sanitary sewer overflows constitute an even greater source of water pollution in the Milwaukee River watershed 
than the combined sewer overflows. There are 91 known relief discharge points in the watershed where sanitary sewage is 
discharged directly to surface waters or indirectly to such waters via connection to the storm sewer system. One of these 
91 relief points is a permanent underground pumping station located at N. 63rd Street and W. Hampton Avenue in the City of 
Milwaukee. The manhole and air vents of this pumping station are shown in the photo at lef t  This pumping station, with a 
capacity of 20,000 gallons per minute, relieves a sanitary sewer by pumping raw sewage into a nearby storm sewer. This 
storm sewer in turn discharges into Lincoln Creek under the Hampton Avenue bridge, as shown in the photo at  right i n  
cases such as this, rivers, streams, and creeks become open sewers. 

SEWRPC Photos 



portable and fixed pumps would also operate at 
capacity for about 400 hours annually. The annual 
volume of overflow was then calculated as: 

2,734 x lo6 gal/yr. = 7.5 rngd 

a ~ w e n t y  percent of capacity of Manor Road lift station oper- 
ating over one-half the overflow period. 

The problem of surcharge of sanitary sewers is 
generally created by excessive infiltration through 
defective joints, porous o r  ruptured pipe and man- 
holes, or  other sewer appurtenances, together 
with storm water discharged to the sanitary 
sewers through foundation drain and downspout 
connections, which significantly increase flows in, 
and surcharge the sanitary sewers during, periods 
of wet weather. It is well known that the additional 
volume of water contributed from these sources is 
substantial. In the design of the South Shore sew- 
age treatment plant, the ultimate dry-weather 
flow is expected to be 135 million gallons per day 
(rngd); but treatment capacity is being provided 
for an additional 215 rngd of wet-weather flow, or  
a total maximum flow of 350 mgd. The experience 
of the City of Milwaukee Sewer age Commission 
indicates that this incremental wet-weather capac- 
ity, more than one and one-half times the normal 
dry-weather flow, will be necessary even though 
the plant will have a tributary drainage area  
served entirely by separate sanitary sewerage 
systems. 

As an indirect check on the reasonableness of the 
foregoing estimates of sewer overflows, a budget 
of wastes and equivalent populations was prepared 
for the entire metropolitan service area. Due to 
the limitations of the available data, neither this 
overall budget nor any of its individual compon- 
ents of sewer pollution should be regarded as a 
precise measure but rather should be regarded as  
a crude indication of the relative importance of 
each source of pollution and of its probable order 
of magnitude. The estimates are based on the 
following assumptions : 

1. The population served by the Jones Island 
and South Shore sewage treatment plants 
i s  1.1 million persons. 

2. The total daily average flow to the Jones 
Island and South Shore plants is 200 mgd. 

3. The strength of the sewage entering these 
plants is 350 mg/l five-day BOD and 10.7 
mg/l phosphorus during mid-week and 
averages 300 mg/l BOD and 9.2 mg/l 
phosphorus on an annual basis. 

4. The strength of the sanitary sewer over- 
flows is equal to the strength of the sewage 
bypassed at the Jones Island plant, or  about 
two-thirds of the mid-week strength of the 
influent to the Jones Island plant. 

5. The strength of the combined sewer over- 
flows averages about 45 percent of mid- 
week values for inflow to the Jones Island 
plant and totals 935,000 pounds of BOD and 
30,000 pounds of phosphorus per year. 

6. Flows in excess of the sewage treatment 
plant capacity occur about 50 times per 
year for a total time of 800 hours annually 
prior to 1969. 

7. The bypass and overflow points from the 
sanitary and combined sewers are  as 
on Map 46. 

8. The fixed pump bypass installations have 
capacities of 81,500 gpm22 upstream from 
the North Avenue Dam and 80,000 
for the remainder of the metropolitan area. 

9. Crossovers and bypasses which operate 
by gravity have an average capacity of 
450 gpm. 

Given the foregoing assumptions, the total BOD 
generated during a year from the Milwaukee sys- 
tem is: 

200 rngd x 365 days x 8.3 lbs. 

2 2 ~ b o ~ t  15,000 gprn of this capacity was phased out during 
1969 as sewers were connected to the new south shore sys- 
tem, and it is planned that about 70,000 gprn capacity in the 
area south of the North Avenue Dam and 37,500 gprn of 
capacity upstream from the Dam will be phased out during 
the next four years. 

23 - Ibid, footnote 20. 



It is estimated, as shown in Table 57, that about 
11.8 percent of this BOD loading was passed to 
the waterways of the Milwaukee metropolitan 
area before the South Shore sewage treatment 
plant was effectively brought into operation. As 
indicated earlier, i t  is anticipated that the opera- 
tion of the South Shore plant will considerably 
relieve the entry of sewage spills to the water- 
ways. It is doubtful, however, that the system, 
even with the new plant in operation, can absorb 
an annual average flow of 36.3 mgd, which is 
compressed into about 800 hours each year, with- 
out significant modification to the existing system 
in the form of storage capacity, addition of treat- 
ment capacity, or  elimination of many sources of 
entry of clear water into sewers. 

Storm Sewer Flows: Separate storm sewer, or 
open channel storm water drainage, systems serve 
those areas of the watershed served by separate 
sanitary sewers. These systems discharge to the 
Milwaukee River system at numerous locations 
along Lincoln Creek and the Milwaukee River. 
While the outflows from these sewers have an 
adverse impact on stream water quality, this 
impact is less severe than the adverse impact 
which results from the discharges of the combined 
and separate sanitary sewer systems. Studies 
conducted during the summer of 1965 at Ann 
Arbor, and Detroit, ~ichigan;' showed that BOD, 
in separate storm sewer discharges, was gener- 
ally about 20 percent of the BOD observed in the 
combined sewer overflows. Total phosphate con- 
tent was found to average about one-fifth as 
much in storm sewage as in combined sewage. 
However, i t  was found that there were 1.4 
times as much volatile settleable solids and 
7.5 times as much suspended solids in the sepa- 
rate storm sewer discharge as in the combined 
sewer overflows. 

Industrial Sources: Sources from which industrial 
discharges enter the Milwaukee River in Milwau- 
kee County were identified in a report issued by 
the Wisconsin Department of Natural Resources in 
1969." These sources are  listed in Table 58. No 

24 ~enzie ,  Courchaine, "Discharges from Separate Storm 
Sewers and Combined Sewers," Journal Water Pollution 
Control Federation, Vol. 38, No. 3, March 1966. 

Wisconsin Department of Natural Resources, Division of 
Environmental Protection, Report on an Investigation of the 
Pollution of thg Milwaukee River, Its Tributaries, and Oak 
Creek Made During 1968 and 1969, May 27, 1969. 

information is available concerning the quantity 
and quality of the discharges; however, 10 of the 
26 waste flows consist entirely of cooling water, 
which may adversely affect the temperature of the 
receiving waters but does not exert a significant 
BOD or  contribute large quantities of nutrients. 
Nineteen of these flows enter Lincoln Creek or 
the Milwaukee River upstream from the North 
Avenue Dam. 

Basement Sewer Backup and Flooding- 
Milwaukee County 
Basement flooding due to sewer backup has his- 
torically been a serious problem in certain areas 
of the lower Milwaukee River watershed. A total 
of 4,154 acres, or  about 11 percent of the Milwau- 
kee County portion of the Milwaukee River water- 
shed, has historically been seriously affected by 
this problem (see Map 47). Such basement flood- 
ing was reported in the watershed inventory for 
the City of Milwaukee and the Villages of Brown 
Deer and Shorewood in the lower watershed. The 
remaining communities in the lower portion of the 
watershed either reported no basement sewer 
backup and flooding problem at all or  reported 
only very minor instances of isolated basement 
flooding problems. In most instances basement 
flooding has been caused by the surcharging of 
separate sanitary sewers primarily due to the 
extensive amounts of clear water entering these 
sewers. In a few instances, such flooding has been 
caused by inadequate combined sewer capacity 
(see Table 59). 

The local relief sewer programs completed to 
date have been designed to abate the basement 
flooding problem for about 500 acres, o r  12 per- 
cent of the area historically experiencing base- 
ment flooding problems. In addition, completion 
of the trunk and relief sewer construction pro- 
gram by the Milwaukee-Metropolitan Sewerage 
Commissions is expected to abate the basement 
flooding problem for an additional 3,475 acres, 
or  84 percent of the area historically flooded. 
Finally, an additional 115 acres, or  3 percent of 
the area historically flooded, are  expected to be 
relieved through planned local relief sewer con- 
struction programs. It should be noted, however, 
that the basement flooding abatement program will 
not be fully effective in most areas without the 
reconstruction of certain lateral and branch, as 
well as trunk sewers. 



TABLE 5 8  

INDUSTRIAL WASTE WATER ENTERING THE MILWAUKEE R I V E R  
THROUGH S T O R M  SEWERS I N  PILWAUKEE COUNTY- 19bq0 

a ~ N ~ ~ ~ ~ ~ ~ ~ ~  C N  F I L E  W I T H  T h E  C I T Y  C F  M I L W A U K E E  S E W E R A G E  C U M M I S S I O N .  

SGURCE- W I S C C N S I I ~  DEPARTMENT O F  N A T U R A L  RESCURCES. 

P R E T R E A T M E K T  

NONE 
NCNE 
S E T T L  I N G  B A S  Ih  
NCNE 
NONE 
C A T C H  BASI l r t  
NGNE 

UNDER 
C O N S I C E & A T I O N  
NONE 
N C N E  
NONE 

O I L  S E P A R A T O R  
NONE 
O I L  AND GREASE 
S E P A R A T C R  
NONE 

C A T C H  B A S I F j  

C A T C H  B A S I N  

NONE 
S E T T L I N G  B A S I N  
S E T T L I N G  B A S I N  
S E T T L I N G  B A S I h  
NONE 
S E T T L I N G  PCND 
C A T C h  B A S I N  

C A T C H  B A S I A  
S E T T L I N G  B A S I N  

S E T T L I N G  B A S I h  
N C N E  

I N D U S T R I A L  W A S T k  WATER SOURCE 

A M E R I C A N  C A N  COMPANY**.*.*.*.**.*...,,. 
A M E R I C A h  MCTORS CORPORATION** * * . * . . * . * . *  
A U T O M A T I C  AUTO W A S P * - * * - . * * * * . - * c - - * . - * -  
COCMERCE S T *  POWER P L A N T ,  k I S C C V S I N  

E L E C T R I C  COMPANY....***.--...*...-. 
C C N T I N E N T A L  C A N  COPPANY, IhC.-*.-..*.*.* 
C C R N E L L  P A P E R B O A K G  P L A h T ,  G I V I S I O N  

C F  ST. R E G I S  P A P E R  COMPANY.*.......**. 
C E L T A  C I L  PRODUCTS C O R P C R A T I O N ,  

R I C K E T S G N  COLOR CIVISICh...c.*. . .*o.*.  
D L C K T E h  & M A S C h  M A N U F A C T U R I N G  C O M P A N Y * * .  
E C I S O N  ST. POWER P L A N T ,  W L S C O Q S I N  

E L E C T R I C  C O H P A N Y . - . . . . . . . * * . . * * . * * . .  
E V I N R U C E  CCTORS C I V I S I O N ,  C t T B C A R D  

C A R I N E  C C R P O R A T I C N * . * * . . * . - . . - . . w  
H E R C U L E S  POWER CCMPANY, I N C - * - * - * * - - * . * .  
I N T E R S T A T E  CROP FGRGE COMPPNY...*,...-.* 

J U M B C ' S  DRIVE-IN.....-*....****-..--***. 
C L T Y  O F  M I L W A U K E E ,  5 T H  D I S T R I C T  

P C L I C E  STATION**.....*....*..**...***. 
C I T Y  C F  M I L W A U K E E ,  B U R E A U  OF 

E L E C T R I C  StRVICk.*.o*****.-.-***.*a-** 
M L L W A U K E E  SCHOCL BOARE, M A R S H P L L  

k I G H  SChCOL. . . * . * . . . * . . . . - . . . * . * * .m 
MODERN CAR-WASbr  INC...*....*o*..o....., 
P U R t  O I L  C A P I T C L  CCURT AUTO WASH-*..*.** 
PURE O I L  CAR W A S H . * . - * - * * * - - . - * * * - - . . * * *  
J C S E P H  S C H L I T Z  B R E W I N G  COKPANY.***.*.*. .  
P A U L  J *  S C H M I D T  TRtCKING...*..*-..*.**** 
S E A L T E S T  FCODS, G L V I S I C h  OF C A I K Y  

PRODUCTS, K R A F T C C  CORPORPTICN.* .* . . -9-  
A *  0. S M I T H  CORPORATION*** . - . * * , , . , . . . .  
W I S C O  99  CAR WASH,...**.***.*.**.-**.**. 
W I S C O N S I N  G A S  COMPANY, N O R T h  

S E R V I C E  CFNTER***......o.**-*-*..*..*. 
Z I N N  M A L T I N G  COPPANY. . . . . - . . - . * . * . . . . .  

EXISTING AND FUTURE STREAM 
WATER QUALITY CONDITIONS 

T Y P E  O F  k A S T E  

L C C L I N G  WATERS 
C C C L I N G  h A T E R S  
CAR W A S H I N G  WATERS 
Z E C L  I T € - S O F T E h I N G  WASTES 
C C O L I N G  h A T E R S  
C C O L I N S  h A T E R S  
C O C L I k G  h A T E R S  FROM PCWER 
HOUSE 
C I L Y  WASTES 

C C C L I K G  h A T E R  
L I C E - S O F T E N I N G  WASTES 
C C C L I N G  h A T E R S  

O I L Y  k A S T E S  
COOLXYG k A T E R S  
O I L Y  h A S T E S ,  C O O L I N G  k A T E R S  

C C O L I N G  h 4 T E R S  

GARAGE k A T E R S  

F L O C R  W A S H I N G  

P C C L  D R A I N A G E  
CAR W A S H I N G  WATERS 
CAR W A S H I N G  WATERS 
CAR W A S h I N G  WATERS 
C C C L I N G  h A T E R S  
I N C R G A N I C  G R I h D L l r t G  S C L I D S  
L C A C I N G  COCK W A S H I N G  ( D A I R Y  
PROCUCT h A S T E  FRCM S P I L L A G E 1  
C O O L I b G  h A T E R S  
CAR WASHING WATERS 

AUTC & TRUCK W A S H I N G  WATERS 
C C G L I Q G  h A T E R S  

Existing water quality conditions and related water 
pollution problems in the streams of the Mil- 
waukee River watershed are identified on the 
basis of existing water uses and present stream 
quality levels, a s  determined from the stream 
sampling programs previously described. To 
identify future conditions and related problems, 
however, it was necessary to forecast future 
stream water quality conditions. The forecast 
conditions, presented in the following discussion 
of 1990 stream water quality in the Milwaukee 
River watershed by stream reach, are  approxi- 

mations based on the primary assumption that 
present sewage treatment and disposal techniques 
and practices will remain in use through 1990. 
These forecast conditions, therefore, do not take 
into account any possible changes in the effective- 
ness of these techniques and practices. Although 
recent research in advanced waste treatment 
techniques has provided new knowledge, and i t  is 
reasonable to anticipate future improvement in 
effluent quality, the rate at which improved non- 
water-borne and other treatment methods may be 
developed to a practical level and applied within 
the watershed, in the absence of a comprehensive 
watershed plan and implementation of that plan, 
cannot be foreseen at this time. It was assumed, 



Map 47 
AREAS EXPERIENCING BASEMENT SEWER BACKUP AND FLOODING 

IN THE MILWAUKEE COUNTY PORTION OF THE MILWAUKEE RIVER WATERSHED 
1959 - 1969 

AREA FOR WHICH NO LOCAL 
OR METROPOLITAN RELIEF 
SEWER PROGRAM IS  
CURRENTLY PLANNED TO 
ALLEVIATE THE BASEMENT 
SEWER BACKUP PROBLEM 

AREA FOR WHICH A METRO- 
POLITAN RELIEF SEWER 
PROGRAM IS PLANNED TO 
ALLEVIATE THE 8ASEMENT 
SEWER BACKUP PROBLEM 

AREA FORWHlCU A LOCAL 
RELIEF SEWER PROGRAM 
HAS =EN CARRIED OUT TO 
ALLEVIATE THE 8ASEMENT 
SEWER W K U P  PROBLEM 

AFEA FOR w n l c n  A LOCAL 
RELIEF SEWER PROGRAM 
IS PLANNW TO ALLEVIATE 
THE 8ASEMENT SEWER 
BACKUP PROBLEM 

10 AREA NUMBER-- SEE 
TABLE 59 

a CCMBINED SEWER SEW- 
AREA 

NOTE: I N C U S  ONLY THOSE AREAS 
OFTHE WATERSHED WHERE 
A MINIMUM OF FNE RECORDm 
COMPLAINTS OF SEWER 
W K U P  PER U.S. PUBLIC LAND 
SURVEY QUARTER SECTION 
WERE REGISTERED IN M E  
ELEVEN-YEAR INVENTORY 
PERIOD. 

0 2 SYILCS 
I . . . .  1 
0 4000 e000 12000 16000 FEET - . ,  

Over 4.000 acres of the lower Milwaukee River watershed have historically been seriously affected by basement flooding due 
to sewer backup. In most instances basement flooding has been caused by the surcharging of separate sanitary sewers. As 
shown on this Map, trunk and relief sewer construction programs have either been completed, are under construction, 
or are programmed for construction to relieve basement flooding in all but one minor area of the watershed. 

Source: City of Milwaukee, Deportment of Public Works, Sewer Engineering Division; Villoge Monoger, Vil- 
loge of Brown Deer; City Engineer, Cily of Glendole; Villoge Monoger, Village of Fox Poinc Village Manager, 
Villoge of Whitefuh BOY; Villoge Plrurner, Villoge of Shorewood; Villoge Manager, Villoge of River Hills; 
Superintendent of Public Works, Villoge of BOyside; and SEWRPC. 



TABLE 5 9  Forecasts of stream water quality conditions were 

R E C O R D E D  BASEMENT SEWER BACKUP 
COMPLAINTS I N  THE MILWAUKEE COUNTY 
PORTION OF THE MILWAUKEE R I V t R  

WATERSHED- 1959-1969 

OSEE MAP 47. I N C L U C E S  ONLY THOSE A e E P S  OF THE YPTERSHEO WHERE A M I N I M U M  
OF F I V E  RECORDED C O V P L 4 l h T S  CF SEWER BACKUP PER U.S. P U B L I C  L A N D  SUR- 
VEY QUARTER S t C T I C h  WERE H E G I S T E R E C  I N  THE ELEVEN-YEAR I N V E N T O R Y  
PERIOD.  

AREA 
NUCPER' 

1  
2  
3  
4  
5 
6  
7 
8 
9 

1 0  
11 
1 2  

b l ~ ~ O ~ ~ ~ ~ ~ ~ h  NOT A V A I L A B L E .  

SCLRCE- C l T Y  OF C I L H A U K E E .  CEPAKTMENT OF P U B L I C  WORKS. SEMER t N G I N t E R -  
I N L  O I V I S I C h ;  V I L L A G E  MANAGER. V I L L A G E  OF BROWN DEER: C I T Y  
E Y G I N E E R .  C l T Y  OF G L E N C A L t ;  V I L L A G E  MANAGER. V I L L A G E  OF FOX 
P O I N T ;  V I L L A G E  P A N A L t R .  V I L L A G E  OF W t I T E F I S H  RAY; V I L L A G E  
PLANNER, V I L L A G E  U F  SHUREWCOD; V I L L A G E  VANALER,  V I L L A G E  CF 
R I V E R  H I L L S :  S U P E R I h T E N O E N T  OF P U B L I C  MORKS. V I I I A G F  RF 

C I V I L  D I V I S I O N  

V I L L A G E  OF BROWN DEER 
C I T Y  CF MILWAUKEE 
C I T Y  CF MILWAUKEE 
C I T Y  CF P I L W A U K E t  
V I L L A G E  OF SHOREWCCO 
V I L L A G E  OF SHOREWCOO 
C I T Y  OF M I L W A U K E t  
C I T Y  CF MILWAUKEE 
C I T Y  OF MILWAUKEE 
C I T Y  OF MILWAUKEE 
C I T Y  OF MILWAUKEE 
V I L L A G E  OF SHOREWGGC 

~ - -. .. 
B A Y S I D E ;  A N 0  SEWRPC. 

also, that by 1990 all the sewage treatment plants 
in the watershed will continue providing secondary 
treatment and will provide disinfection of the 
effluent and 85 percent phosphorus removal, even 
in the absence of any water quality management 
plan. An efficiently operated secondary treatment 
plant may be expected to remove 85 to 95 percent 
of the BOD of the raw sewage. Thus, for the fol- 
lowing discussion of 1990 conditions, the amount 
of BOD discharge from each sewage treatment 
plant was taken as  10 percent of the BOD of the 
raw sewage. 

bREA S I Z E  
I S Q U A R E  H I L E S I  

0.03 
0 .25  
1.40 
0.60 
0.05 
0.08 
0.60 
0.30 
2 .50  
0 .10  
0.40 
0.18 

made using a mathematical simulation model and 
the anticipated 1990 sewage treatment plant dis- 
charges, a s  shown in Table 60. These estimates 
of the average flow rates from the sewage treat- 
ment plants were projected for a period of 
critically low streamflow conditions which occur 
in the summer during dry weather. The pro- 
jected average daily per capita sewage flows 
include dry-weather infiltration and sewage from 
commercial operations. Present per capita sew- 
age flow rates were used based on the assump- 
tion that any larger per capita sewage flow which 
may occur in the future as a consequence of 
increased water use will be offset by lower infil- 
tration rates that result from improvements in 
future sewer construction. The relationship be- 
tween population served and average daily per 
capita sewage flows was derived, as shown in 
Figure 3 6 ,  by using present daily average per 
capita sewage flows for sewerage systems that 
service more than 1,000 people each in the 
Milwaukee and Fox River watersheds. Estimates 
of 1990 sewage flows were made from this rela- 
tionship based on population forecasts prepared by 
the Commission. 

A mathematical model was developed and cali- 
brated to simulate the ability of the streams in the 
Milwaukee River watershed to assimilate waste 
discharges under various types and degrees of 
waste treatment and locations of waste discharge. 
The model is described in Chapter XI1 of this 

RECOROEO 
C O M P L A I N T S  

1 1 ' 3 5 9 - 1 9 6 9 1  

--b 

1 7  
5 0 0  

6 0  
1 
8 

7 0  
7 0  

3 0 0  
6  

2 2  
1 2  

TAELE 40 

YEAR HOST 
C O M P L A I N T S  

OCCURREO 
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1 9 6 0  
1 9 6 0  
1 9 6 0  
1 9 6 4  
1 9 6 4  
1 9 6 0  
1 9 6 1  
1 9 6 0  

--b 
-_b 

1959 

ESTIMATED WASTE OISCHARGES F R O M  MUNICIPAL SEWAGE TREATMENT PLANTS 
I N  THE MILWAUKEE R I V E R  WATERSHED- 1990 

POPULATION I SEWAGE  FLOW^ 
SOURCE OF WASTES I sERvEoO (GALLONS PER CAPITA)  

INDUSTRIAL WASTE CONTRIBUTION 

VILLAGE OF AOELL 
VILLAGE OF CAMPBELLSPORT 
C I T Y  OF CEDARBURG 
VILLAGE OF FREOONIA 
VILLAGE OF GRAFTON 
VILLAGE OF JACKSON 
VILLAGE OF KEWASKUM 
NEWBURG SANITARY DISTRICT 
VILLAGE OF RANDOM LAKE 
VILLAGE OF SAUKVILLE 
VILLAGE OF THIENSVILLE 
C I T Y  OF WEST BEN0 

4 6 0  
1 r 9 8 0  

13 .080  
1 . 7 6 0  

1 0 ~ 1 6 0  
1 ,730  
3 1  1 0 0  

9 9 0  
1 r 4 3 0  
2 .600  
3 . 7 9 0  

24s 2 5 0  

TOTAL FLOW 
PER DAY 

IMGD) 

0.07 
0 . 3 9  
2.48 
0.23 
1.90 
0 .24  
0.74 
0.12 
0 . 1 9  
0 .40  
0.61 
4.92 

BOO 
(POUNDS1 

-- 
4 2 5  -- 
-- 
-- -- 
5 7 5  -- 
-- 
-- -- 
-- 

OPOPULATLON PROJECTIONS AS MADE BY SEWRPC. 

INFLUENT 8 0  
I POUNDS) 

3 . 2 7 0  

2 , 5 4 0  

1 , 3 5 0  

6 5 0  
9 4 8  

6 , 0 6 2  

FLOW 
IMGO) 

-- 
0.10 -- -- -- -- 
0.25 -- -- 
-- 
-- 
-- 

b~~~ FIGURE 36. 

'BASED ON 0.25 POUND OF FIVE-OAY BOO PER CAPITA PER DAY AT 20°C. 

SOURCE- HARZA ENGINEERING COMPANY AN0 SEWRPC. 



Figure 36 
AVERAGE DAILY PER CAPITA 

SEWAGE FLOW BY POPULATION TRIBUTARY 
TO SEWAGE TREATMENT PLANTS 

IN THE SOUTHEASTERN WISCONSIN REGION 
(POPULATION RANGE 1,000 TO 40 ,000)  

8.000 , , , , , I , , , , , 
100 110 IZO 130 4 0  150 IBO 170 ,a0 ,so 2w z,o 220 

SEWAGE FLOW IN GALLONS PER CAPITA PER DAY 

NOTE PLOTTED POlNTS I R E  BASED ON ,966 AND W B  MEASRE0 INFLOWS TO EXISTING SEWAeE TREATWENT 
PLANTS MCLYDlNG WMEBTIC. (NDYSTRIIL AND INFILTRATLT(0N FLOWS 

Source: Harza Engineering Company. 

volume, "River Performance Simulation." The 
major parameters selected for use in the model to 
describe water quality conditions were dissolved 
oxygen (DO), biochemical oxygen demand (BOD), 
and temperature. These parameters describe the 
overall level of the water quality, in terms of 
dissolved oxygen, which would result from organic 
pollution. Final determination of probable levels 
of dissolved oxygen, however, must be made by 
adjusting these calculated oxygen levels for the 
effects of aquatic plant activity. 

Nutrients 
In order to formulate and evaluate plans for con- 
trolling excessive fertilization of the streams of 
the Milwaukee River watershed, a s  for the lakes, 
i t  is necessary to know the major sources and 
amounts of nutrients that are  entering these 
waters. These estimates were prepared in the 
same manner as similar estimates made for the 
lakes within the watershed and a s  described ear- 
l ier  in this chapter. As already noted, although 
such estimates necessarily represent approxima- 
tions, they do provide indications of the relative 
nutrient contributions from each source and thus 
suggest areas in which corrective actions can 
be taken. 

Estimates of the phosphorus contributions from 
combined sewer outflows and sanitary sewer 
overflows were based on analyses of annual vol- 
umes of flow to the streams from the sources. 

Flows from combined sewers were determined, 
as shown in Table 56 ; and flows from sanitary 
sewers were .based on estimated pumpage and 
gravity flows from overflow points, as shown in 
Table 57. Estimates of the phosphorus contribu- 
tion from urban runoff were based on the total 
land area within the watershed in urban use, as 
determined by SEWRPC land use inventories. 

Results: The total amount of phosphorus con- 
tributed to the major streams within the water- 
shed was obtained by summing the contributions 
from each source. In order to check the accuracy 
of these phosphorus estimates, the total annual 
contribution of phosphorus to the Milwaukee River 
system above Brown Deer Road, as estimated 
by the methods described above, was compared 
to the actual phosphorus loading of the r iver 
at this point, a s  determined from periodic sam- 
pling of the river since 1961 by the Wisconsin 
Department of Natural Resources, Division of 
Environmental Protection. The estimated phos- 
phorus contribution as  computed was 126,000 
pounds per year, while the average phosphorus 
loading as  actually measured was 146,000 pounds 
per year, indicating a reasonable comparison 
between the estimated and the actual phosphorus 
loading of the river at this point26 , with the com- 
puted value being conservatively low. 

The phosphorus contributions estimated on a value 
basis for the overflows from the combined and 
sanitary sewers in Milwaukee were checked as a 
percentage of the total probable phosphorus car- 
ried annually in the sewerage system of Mil- 
waukee. This comparison also indicated that the 
estimates a re  reasonable. 

The results of the computations of phosphorus 
contributions to each of the major stream reaches 
under existing and 1990 land use conditions within 
the watershed, the latter assuming continued 
existing trend development in the absence of a 
watershed plan, are  shown in Tables 61  and 62 by 
the amount contributed from each source and by 
the proportionate contribution of each source to 
the total. 

2 6 ~ h e  literature indicates a range of phosphorus removal 
in sewage treatment plants from 30 percent to 80 percent. 
By assuming 30 percent removal, in lieu of 45 percent re- 
moval, the total annual phosphorus contribution to the river 
upstream ,from Brown Deer Road would approximate the 
146,000 pounds per year as measured. 



TABLE 6 1  

CAJOR SOURCES OF PHCSPHORUS I N  THE MILWAUKEE RIVER WATERSHED 
UNDER EX IST ING ( 1 9 6 7 )  CONOITIONS lPOUNDS PER YEAR) 

1 U N I T  
AMOUNT OF PHOSPHORUS 

( A S  P I  

M I L Y A U K E E  R I V E R  M A l N  STEM 1 M ILWAUKEE R I V E R  1 
ABOVE WEST B E N 0  AT NGRTH BRANCH AT MILWAUKEE COUNTY L I N E  A T  NORTH AVENUE OAP hORTH BRANCH CEDAR CREEK 

I I I I I 

L8S. I PERCENT 1 LBS. I PERCENT I LBS. I PERCENT I LBS. I PERCENT I LBS. I PERCEIIT I LBS. I PERCENT 

URBAN RUNOFF........... 
RURAL AND AGRICULTURAL 

RUNOFF ............... 
SEUAGE TREATMENT P L A N T  

EFFLUENT ............. 
P R I V A T E  SEWAGE 

C I S P C S A L  SVSTEMS..... 
S b N I T h R Y  SEWER 

CVERFLOWS ............ 
C O P B I N E O  SEWER 

OVERFLOWS ............ 

D C C N T R I B ~ l ~ ~ ~ S  FROM P R E C I P I T A T I O N  ONTO hATER ZURFACES A h 0  FRO* I N O U S T R I E S  WERE CCNSIOEREC N E G L I G I B L E .  

I I I I I I I I I I I -~.-.. 

b ~ ~ ~ T ~ 1 8 ~ ~ l ~ ~ ~  CONSIOEREC N E G L I G I B L E  I N  UPSTREAM AREAS. THE VOLUME OF OVERFLOW THAT TPKES PLACE ANNUALLY I N  MILWAUKEE COUNTY bPSTREAM FROM THE NORTH AVENUE DAM 
U b S  E S T I * A T E O  TO BE 2 .730  M I L L I O N  GALLONS h l T H  PHCSPHORUS CONCENTRATlOh  AS P ECUAL TO 2 1 3  OF 10.7 M G / l  I S T R E N G l H  OF BYPASSED I N F L U E N T  JONES I S L A N U  SEWAGE 
TREATMENT P L A N T l .  

T C T P L  

'THERE ARE NO COMBINE0 SEWER S E R V I C E  &REAS I N  THE P I L Y A U K E E  R I V E R  WATERSHEO UPSTREAW FROM MILWAUKEE COUNTY. T b E  VOLUME OF OVERFLOh THAT TAKES PLACE ANNUALLY UP- 
STREAM FROM T P E  NORTI' AVENUE DAM h A S  E S T I M P T E O  TO B E  7 4 5  Y I L L I C N  GALLGNS W I T H  PhCSPHORUS CONCENTRATIONS AS P EQUAL TO 4 5  PERCENT OF 10.7 *G / l .  

SCURCE- HARZA E N G I N E E R I N G  COMPANY. 

2 0 . 3 0 0  

PAJOR SOURCES OF PHOSPHORUS I N  THE MILWAUKEE R I V E R  WbTERSHED 
UNDER 1990 UNPLdNNED CONOITIONS lPOUNCS PER YEAR) 

1 0 0  

CEOAR CREEK 
SOURCE 

URBAN RUNOFF .......... 
RURAL AN0 AGRICULTURAL 

RUNOFF .........a*... 
SEbAGE TREATMENT PLANT 

EFFLUENT ............ 
P R I V A T E  SEYAGE 

C I S P C S A L  SYSTEMS.... 
S A N I T A R Y  SEWER 

CVERFLOUS ........... 
COPBINEO SEWER 

OVERFLOWS ........... 
T C T A L  

:: 1 
3 9 . 0 0 0  LOO 

' I T  WAS ASSUMED T H A I  T h E  E S T I M A T E 0  PRESENT-OPV LOAOING WOULD B E  REDUCED BY 5 0  PERCENT CUE TO NEW TREATMENT C A P A C I T Y  AT THE SOLTH SHORE SEWAGE TREATMENT PLANT.  
C I V E R S l T Y  P O T E N T I A L  I N  THE INTERCCNNECTEO SYSTEM CF JChES I S L A N O  ANC SOUTH SHORE SEWAGE TREATMENT PLANTS. ANC A REDUCTION OF THE NUMBER OF SMALLER OVERFLOYS 
H A V I N G  T H E  MORE CCNCENTRATEO WASTES. 

4 9 . 6 0 0  

O ~ U M B E R S  I N  PLRENThESES REPRESENT E S T I M A T E O  PhOSPHORUS L O A D I N G  TO STREAMS ASSUMING 8 5  PERCENT REMOVAL I N  THE W U N I C I P A L  SEWAGE TREATMENT PLANTS-  

b ~ ~ ~ ~ ~ 1 8 ~ ~ ~ l l ~ ~  CONSIOEREO N E G L I G I B L E  I N  UPSTREAM AREAS. 

U N I T  
AMOUNT OF PHOSPHORUS 

( A S  P I  

4 6 0  LBS.IMI.SP./VR. 

6C LBS.IMI.SQ./YR. 
1.9 L B S . l C A P I T A l Y R .  

10 .525  LB.ICAPITA/YR.? 

0.2 LB . /CAPITA/YR.  

b -- 
d -- 

d~~~~~ ARE NO COMBINED SEWER S E R V I C E  AREAS I N  THE MILWAUKEE R l V E R  WATERSHEO UPSTREAM FROM MILWAUKEE COUNTY. 

' I T  WAS ASSUMEC. BASEC ON RECENT SEWER SEPARATION PROJECTS, THAT ABOUT 1 0  PERCENT OF T H E  E X I S T I N G  C O M B I N E 0  SEhERS I N  M I L U A U K E E  COUNTY W I L L  B E  SEPARATED BV 1 9 9 0 .  

SCURCE- HARZA E N G I N E E R I N G  COMPANY. 

3 3 1 . 4 0 0  

Existing and Future Water Quality Characteristics largely in rura l  land uses. Most of the sources of 
of Individual Stream Reaches organic pollution in the upstream area of the 

1 0 0  

The existing water quality of the main stem of the 
Milwaukee River outside the Milwaukee urbanized 
area taken, for the purposes of this analysis, as 
that part of the r iver system above the Milwaukee- 
Ozaukee County line, and the existing water quality 
of most of the major tributaries of the Milwaukee 
River outside the Milwaukee urbanized area are  
presently relatively good, particularly as com- 
pared to other streams within the Region, such as 
the Fox and Root Rivers. This is due in part to 
the fact that the headwater reaches of the Milwau- 
kee River watershed, unlike the headwater reaches 
of the Fox and Root River watersheds, are  still 

1 0 0  

MILWAUKEE R l V E R  M A l N  STEM 

watershed have been brought under control; and, 
with a few exceptions, organic pollution is not 
presently a major problem. Coliform concentr a- 
tions are  relatively high, however, in many areas 
of the watershed, primarily due to discharges 
from municipal sewage treatment plants that do 
not provide effluent disinfection. 

1 1 1 . 2 0 0  

MILWAUKEE R I V E R  
hGRTH BRANCH 

The major water quality problem occurring in the 
streams of the upper watershed is inorganic pol- 
lution in the form of' high levels of nutrients that 
cause overfertilization of the streams. Luxuriant 
growths of algae and aquatic weeds are present in 
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many sections of the Milwaukee River and i ts  
tributaries, resulting in unsightly conditions that 
greatly detract from the aesthetic value of the 
streams. As already noted, the aquatic plants 
produce oxygen during the daylight hours and con- 
sume oxygen at night, resulting in a diurnal (daily) 
fluctuation in dissolved oxygen levels, the magni- 
tude of which is dependent upon the numbers of 
aquatic plants present in the stream. The major 
sources of the nutrients that stimulate these 
growths a re  waste discharges from the municipal 
sewage treatment plants and drainage and runoff 
from agricultural lands within the watershed. 

The Milwaukee River and i t s  major tributaries 
within the Milwaukee urbanized area  exhibit seri- 
ous water quality problems, with both organic and 
inorganic pollution being high. High concentra- 
tions of coliform bacteria and phosphorus and 
low dissolved oxygen levels frequently occur in 
streams within the urbanized area. In general, 
water quality in this section of the watershed 
does not meet the state-established water use 
objectives and standards for the Milwaukee River 
and i t s  major tributaries. 

The principal source of organic pollution in the 
Milwaukee River within the Milwaukee urbanized 
area  is overflow from the separate sanitary and 
combined sewer systems. Major sources of inor- 
ganic pollution originate with these discharges, 
together with surface runoff from the urban area, 
waste discharges from the upstream sewage 
treatment plants, and drainage and runoff from 
upstream agricultural lands. 

Milwaukee River-Headwaters to the City of West 
Bend: Existing water uses in the reach of the Mil- - 
waukee River from its  headwaters downstream to 
the City of West Bend include maintenance of 
a warm-water fishery, partial- and whole-body- 
contact-recreational activities, livestock and wild- 
life watering, irrigation, waste assimilation, and 
aesthetic uses. State-established water use objec- 
tives include all the existing uses, plus industrial 
and cooling water supply. Waste discharges in 
this reach a re  from the sewage treatment plants 
at Campbellsport and Kewaskum. These plants 
serve a total population of approximately 3,400 
persons and discharge treated effluent to the 
Milwaukee River at a combined average rate 
of 1.0 cfs. 

Existing water quality data for this stream reach 
a r e  summarized in Table 63. Minimum dissolved 
oxygen (DO) levels of less than 4.0 mg/l through- 
out the reach and less than 1.0 mg/l at several 
locations within the reach inhibit the development 
of a warm-water fishery and do not conform to the 
state-established water use objectives and stan- 
dards for this reach. The relatively low DO 
levels a re  caused by the large numbers of algae 
and aquatic weeds present in many sections of the 

river, by the effluents discharged from the sewage 
treatment plants at Campbellsport and Kewaskum, 
and by agricultural runoff. Even though secondary 
treatment facilities a re  provided at  both of these 
plants, operating problems have resulted in vari- 
able treatment efficiencies and occasional dis- 
charges of poor quality effluent that degrade water 
quality in the river downstream from the plant 
outfalls. An analysis of the waste assimilation 
capacity of the river downstream from both of the 
sewage treatment plants indicates that average DO 
levels should remain above 5.0 mg/l, even during 
critical low-flow conditions, if the plants were 
continuously providing the 85 to 90 percent BOD 
removal that they a re  capable of providing. Mini- 
mum DO levels probably would be slightly less 
than 4.0 mg/l with the present populations of algae 
and aquatic weeds. 

Figures 33 and 34 present the results of a sampling 
program carried out by the Harza Engineering 
Company on the Milwaukee River near Campbell- 
sport on May 2 and from August 5 to 7, 1968. 
Minimum DO levels were found to be higher than 
5.0 mg/l during the May survey and, therefore, 
except for fish reproduction, conformed to estab- 
lished water use objectives and standards (see 
Table 47). Average DO levels in August were 
found to be less than 5.0 mg/l, and minimum 
values were found to range from 0.5 to 2.0 mg/l 
at  all sampling sites except the one just down- 
stream from the Campbellsport Dam. Reaeration 
resulting from flow over the Dam supplied enough 
oxygen to maintain an average level of 6.1 mg/l 
and a minimum level of 4.3 mg/l immediately 
downstream from the dam. The low DO levels at 
the two upstream sampling sites were apparently 
caused by dense growths of aquatic weeds that 
completely choked the stream channel and the 
impoundment upstream from the Campbellsport 
dam. There a r e  no known major waste dis- 
charges upstream from Campbellsport, although 
there i s  a large chicken farm located along this 
reach of the river which could be a contributor of 



TABLE 6 3  

W A T E R  Q U A L I T Y  S U R V E Y  O A T A  SUMMARY F O R  
THE M I L W A U K E E  R I V E R  ( H E A C W A T E R S  T O  WEST BEND) 

1964-1968 

I PARAMETER I 
PHOSPHORUS 

COL 1 FORM 
lMFCC11OOML I 

l 0 0 . 0 0 0  
3.900 

TEMPERATURE 
l D C I  

1 4 6 8  
29.0 
10 .0  
21 .4  

1 2 6 1  
27.0 
11 .5  
20 .2  

BOO SOLUBLE TOTAL N I T R A T E  
I M G I l I  1MG111 1MG111 l ~ ~ i l l  

C H L O R I D E  
l M G 1 1  1 

1 0 1  -- -- 
-- 

1 0 1  -- -- -- 

S A M P L I N G  L O C A T I O N  OATA 

UPSTREAM FROM CAMBELLSPORT DAM' NUMBER OF SAMPLES 
MAXIMUM 
M t N l n u n  
AVERAGE 

NUMBER OF SAMPLES 
MAXIMUM 
M I N I M U M  
AVERAGE 

2.5 M I L E S  UPSTREAM FROM KEUASKUM' NUMBER OF SAMPLES 1 1 7 1  I I 7 1  1 1 4 1  I 0 1  1 3 1  
MAXIMUM I 26.0 4 3 . 0 0 0  
M I N I M U M  0.0 1 0 0  

0.2 M I L E S  OOUNSTREAM FROM 
CAMPBELLSPORT SEUAGE TREATMENT 
PLAN TO.^ 

I I AVERAGE 1 8.0 I 7.4 1 2 . i  I 0.17 I -- I 0.8 1 2 7  1 1 . 4 0 0 ~ ~  I 

NUMBER OF SAMPLES 1 2 6 1  1 2 6 )  I 4 1  I 3 1  1 3 1  1 3 1  1 0 1  1 2 1  
MAXIMUM 27.0 10.1 21.0 0.77 1.23 2.0 3 9 0 . 0 0 0  
M I N I n u n  
AVERAGE 

OOUNSTREAM FROM KEUASKUM 1 NUMBER OF SAMPLES 
SEUAGE TREATMENT PLANT'.'" 

1 2 9 1  
MAXIMUM 1 30.0 
M I N I M U M  0.0 

UPSTREAM FROM KEYASKUM 0 4 ~ " '  

I AVERAGE 1 15;l 

NUMBER OF SAMPLES 
MAXIMUM 
M I N I M U M  
AVERAGE 

R A I L R O A D  B R I D G E  I N  WEST BEND' I NUMBER OF SAMPLES 1 3 1  

UPSTREAM FROM BARTON DAM 

n A x l w u n  1 M I N I M U M  
AVERAGE 71.3 

NUMBER OF SAMPLES 
M A X I  MUM 
M l N l n u n  
AVERAGE 

'SAMPLING DONE B Y  HARZA E N G I N E E R I N G  COMPANY. 

'SAMPLING OONE B Y  U I S C O N S I N  DEPARTMENT OF NATURAL RESOURCES. 

SOURCE- SEURPC. 

nutrients. The low DO levels at the farthest 
downstream site in the Campbellsport reach were 
caused by aquatic plant respiration and by effluent 
discharged from the Campbellsport sewage treat- 
ment plant. 

line maximum value2' of 0.10 mg/l total phos- 
phorus in a flowing stream necessary to prevent 
nuisance growths of aquatic plants. It was esti- 
mated that an average of 20,300 pounds of phos- 
phorus per year enters the Milwaukee River 
upstream from West Bend. Approximately 61 per- 
cent of this phosphorus input is contributed by 
agricultural drainage and runoff; 30 percent is 
contributed by treated waste discharges from the 
sewage treatment plants at Campbellsport and 
Kewaskum; and the remaining 16 percent, from 
miscellaneous sources, including 11 percent from 
urban runoff. 

Concentrations of coliform in excess of 1,000 
MFCC/100 ml  throughout this reach of the Mil- 
waukee River indicate that the stream is presently 
unsuitable for whole - body - contact - recreational 
activities. Coliform levels greater than 5,000 
MFCC/100 ml  downstream from the Kewaskum 
sewage treatment plant make this section of the 
r iver unsuitable even for partial-body-contact 
recreation. Biological sampling in this reach of the river 

revealed the presence of typical clean-water com- 
munities of bottom-dwelling, o r  benthic, orga- 
nisms upstream from both the Campbellsport and 
Kewaskum sewage treatment plants and 2.4 miles 
downstream from the Campbellsport plant. Sam- 

The major water quality problems in this reach of 
the Milwaukee River are excessive fertilization 
and potential bacterial pollution. Aquatic plants 
create nuisance conditions and detract from the 
aesthetic value of the river. Average total phos- 
phorus concentrations throughout this reach (see 
Table 63) are  substantially greater than the guide- 27 Zbid, footnote 2. - 



ples obtained 0.1 mile downstream from the 
Campbellsport outf all, however, revealed a clean, 
but affected, benthic community, consisting of 
small numbers of organisms intolerant of pollu- 
tion and large numbers of pollution-tolerant orga- 
nisms. Thus, waste from the Campbellsport 
sewage treatment plant is disturbing the general 
stream ecology downstream from the plant outfall; 
but recovery to a clean-water ecological com- 
munity occurs within two and one-half miles of the 
outfall. Biological samples obtained 0.8 mile 
downstream from the Kewaskum sewage treatment 
plant revealed an unbalanced benthic community, 
consisting mostly of pollution-tolerant organisms. 
The high number of these organisms, together 
with prolific growths of weeds and algae at this 
location, are, in large part, due to waste dis- 
charges from the Kewaskum treatment plant. 
No information was available to indicate where 
ecological recovery occurs downstream from 
this location. 

Future major waste discharges in this reach of 
the Milwaukee River will continue to be from the 
Campbellsport and Kewaskum sewage treatment 
plants, which may be expected to serve a total 
estimated population of 5,080 persons by 1990 and 
to discharge treated effluent to the river at an 
average combined rate of 1.8 cfs. If both of these 
plants continue to rely solely on secondary treat- 
ment facilities for waste treatment, but achieve 
90 percent BOD removal, the waste loadings on 
the river by 1990 may be expected to result in 
average dissolved oxygen levels of 4.3 mg/l at 
locations approximately two miles downstream 
from each of the outfalls during critical low-flow 
conditions (see Figure 37). Dilution and natural 
purification may be expected to increase average 
low-flow oxygen levels to greater than 5.0 mg/l at 
locations approximately four miles downstream 
from Campbellsport and five miles downstream 
from Kewaskum. Thus, based on average low- 
flow conditions, nine miles of this reach of the 
Milwaukee River will be unsuitable for the main- 
tenance of a warm-water fishery due to waste 
discharges which will reduce oxygen levels to less  
than 5.0 mg/l, the 5.0 mg/l being the state- 
established standard for this reach of the river. 
Figure 37 indicates that, if an oxygen depression 
of 1 to 2 mg/l prevailed due to plant respiration, 
a value of 4.0 mg/l of DO would prevail in only 
5 to 10 miles of the 17-mile r iver reach, the 
4.0 mg/l being the state-established standard for 
the maintenance of a warm-water fishery. If 
adequate disinfection of the effluents from both 

plants is provided, bacteriological conditions in 
the river should be suitable for all recreational 
uses of the river. If disinfection is not provided, 
the entire reach of the r iver from Campbellsport 
to West Bend would be bacteriologically unsuitable 
for water-based recreational activities. 

Future increases in the population served by each 
of the sewage treatment plants may be expected to 
result in increased discharges of phosphorus to 
the river. By 1990 phosphorus discharges to the 
Milwaukee River upstream from West Bend may 
be expected to increase to an estimated 28,800 
pounds per year if no specific phosphorus removal 
measures a re  undertaken at the Campbellsport 
and Kewaskum sewage treatment plants or  if no 
other means, such a s  the placement of legal con- 
straints on the phosphorus content of detergents, 

Figure 37 

CALCULATED DISSOLVED OXYGEN 
PROF1 L E  UNDER UNPLANNED 1990 

LAND USE DEVELOPMENT CONDITIONS 
AT 25O C WITH 90 PERCENT BOD REMOVAL 

A T  SEWAGE TREATMENT PLANTS 

MILWAUKEE RIVER-CAMPBELLSPORT TO WEST BEND 

D l  STANCE DOWNSTREAM FROM 
CAMPBELLSPORT S T P  I N  M I L E S  

8 5 80 7 5  7 0  
RIVER MILE 

NOTE: THIS PROFILE IS FOR LOW FLOW CONDITIONS 

Source: Harza Engineering Company. 



are  undertaken. Approximately 48 percent of this 
phosphorus input would be from the sewage treat- 
ment plants and 42 percent from agricultural and 
rural  drainage and runoff. If 85 percent of phos- 
phorus removal is provided at the plants, as 
specified by outstanding state pollution abatement 
orders, the total phosphorus contributed to the 
river in 1990 would be reduced to 18,800 pounds 
per year, o r  approximately 93 percent of the 
present value. It may be expected that these large 
amounts of phosphorus will continue to stimulate 
luxuriant aquatic plant growths in the river. These 
prolific weed and algae growths will probably con- 
tinue to have adverse effects on oxygen levels in 
the river by reducing DO concentrations during the 
nighttime hours and will detract from the aesthetic 
value of the river. 

From the foregoing analysis, i t  may be concluded 
that the state-established water use objectives and 
standards will not be met unless specific mea- 
sures a re  taken to assure that average daily DO 
concentrations a re  maintained above 5.0 mg/l, 
with a minimum value of 4.0 mg/l at any time; 
coliform levels are  reduced to less than 1,000 
M F C C / ~ O O  ml; and growths of algae and aquatic 
weeds a re  reduced or  eliminated. 

Milwaukee River-West Bend to Grafton Dam: 
Existing water uses in the reach of the Milwaukee 
River from West Bend to the Grafton Dam include 
maintenance of a warm-water fishery, partial- 
body-contact-recreational activities, livestock and 
wildlife watering, irrigation, waste assimilation, 
and aesthetic uses. Some of these uses are  
presently occurring in this reach of the river, 
even though water quality levels in the reach 
do not meet state standards for these uses. 
State-established water use objectives include 
all the existing uses, plus whole-body-contact- 
recreational activities and industrial and cooling 
water supply. Municipal waste discharges within 
this reach are  from the sewage treatment plants 
at Fredonia, Newburg, Saukville, and West Bend. 
The treatment plant at West Bend serves a popu- 
lation of 15,000 persons and discharges treated 
effluent to the Milwaukee River at an average ra te  
of 2.5 cfs. The other three plants serve a total 
population of 2,400 persons and discharge treated 
effluent to the river at an average combined ra te  
of 0.4 cfs. Industrial waste sources located within 
the reach are  the River Road Cheese Factory and 
De Soto Chemical Coatings, Inc., both located 
near Fredonia. 

Existing water quality data for this reach are  
summarized in Table 64. Minimum DO levels 
less than 4.0 mg/l downstream from the West 
Bend sewage treatment plant and in the impound- 
ments at Waubeka and Grafton inhibit the use of 
these sections of the stream for the maintenance 
of a warm-water fishery. The low DO levels 
downstream from the West Bend sewage treatment 
plant are  caused by the effluent discharged from 
the plant, while the low levels in the Waubeka and 
Grafton impoundments may be attributed to the 
extensive weed and algae growths in these areas. 
Effluent discharges from the Fredonia, Newburg, 
and Saukville sewage treatment plants have a 
negligible effect on DO levels in the Milwaukee 
River. An analysis of the waste assimilation 
capacity of the r iver in this reach indicates that, 
during critical low-flow conditions, effluent from 
the West Bend sewage treatment plant may be 
expected to reduce average DO levels below 
5.0 mg/l from the plant outfall downstream to the 
Newburg Dam, a distance of nine miles, with a 
minimum value of 3.5 to 4.0 mg/l occurring 
approximately two miles downstream from the 
plant outfall. Downstream from the Newburg Dam, 
average oxygen levels may be expected to r i se  
well above 5.0 mg/l and remain at this high 
level throughout the remainder of this reach of 
the river. 

Although the waste assimilation capacity of the 
river is sufficient to maintain average DO levels 
above 5.0 mg/l downstream from the Newburg 
Dam, growths of algae and aquatic weeds through- 
out this reach cause wide diurnal fluctuations in 
DO levels, with minimum early morning concen- 
trations occasionally less than 4.0 mg/l. Figures 
38 and 39 show this diurnal fluctuation of the DO 
as  measured in the Milwaukee River near the 
West Bend Airport during the April-May and July- 
August 1968 water quality survey. Figures 40 and 
41 show the average, maximum, and minimum DO 
concentrations measured during this water quality 
survey. During the spring survey, all measured 
DO levels were found to exceed the minimum 
standards for all uses by a wide margin. Aver- 
age DO levels were found to be above 5.0 mg/l 
throughout the reach during the summer survey, 
but minimum levels of less than 4.0 mg/l were 
recorded from the West Bend sewage treatment 
plant downstream to Newburg and in the impound- 
ment at Waubeka. DO levels ranged from as low as  
2.0 to 3.0 mg/l during the early morning hours to 
a s  high as 14 to 18 mg/l during the mid-afternoon 
hours. 



T A B L E  64 

WATER Q U A L I T Y  SURVEY D A T A  SUMMARY FOR 
THE M I L W A U K E E  R I V E R  (WEST BEND TO G R A F T O N  D A M )  

1964-1968 

PARAMETER 

PHOSPHORUS 

UPSTREAM FROM NEST B E N 0  SEWAGE 
TREATMENT 

( TEMPERATURE BOO ( SOLUBLE 
OATA l a c )  I IH:71) ( I M G / l )  ( M G / l I  1 ::z$:J ( C:kE:::E 

NUMBER OF SAMPLES 1 2 9 1  1 2 9 1  I 2 1  1 3 1  1 3 1  I 3 1  1 0 1  
M A X I  MUM 0.7 -- 

AVERAGE 18.7 9.0 0.27 -- 

0 - 5  M I L E  DOWNSTREAM FROM WEST 
BENO SEWAGE TREATMENT PLANT' 

NUMBER OF SAMPLES 1 2 8 1  I 2 8 1  I 0 1  I 3 1  1 3 1  1 3 1  
MAXIMUM 26.0 13.7 1.84 2.02 1.6 

AVERAGE 

1 3  M I L E S  DOUNSTREAM FROM W S 1  
BENO SEWAGE TREATMENT PLANT' 

NUMBER OF SAMPLES I 2 8 1  1 0 1  Ill Ill 1 0 1  
MAXIMUM 
MINIMUM 10.3  

I I AVERAGE I 19.0 1 9.0 1 -- I 0.18 I 0.21 1 0 - 5  I -- I 
6 M I L E S  OOYNSTREAM FROM WEST 

B E N 0  SEWAGE TREATMENT  PLANT^^' 
NUM8ER OF SAMPLES 1 4 7 1  1 4 7 1  1 1 7 1  I 4 1  1 1 1  I 4 1  

MAXIMUM 1.8 
M I N I  MUM 
AVERAGE 

/ '::: I I I b::: 1 :I 
I 0.7 

15.6 9.0 4 -  0 0.38 0.24 1.2 

UPSTREAM FROM NEYBURG OAM" NUM8ER OF SAMPLES 
n r x r n u w  
M I N I M U M  
AVERAGE 

OOYNSTREAM FROM NEYBURG OAM' NUMBER OF SAMPLES 
MAXIMUM 
M I N I M U M  
AVERAGE 

5 M I L E S  OOYNSTREAM FROM NEYBURG 
AT C T H  A' 

UPSTREAM FROM WIU8EUA OAMo 

NUMBER OF SAMPLES 
MAXIMUM 
M I N I M U M  
AVERAGE 

NUMBER OF S I M P L E S  
MAXlMUM 
M I N I M U M  
AVERAGE 

OOYNSTREAM FROM WAUBEKA O A M " ~  NUMBER OF SAMPLES 
M A X I  MUM 
M I N I M U M  
AVERAGE 

0.1 M I L E  DOWNSTREAM FROM 
FREOONIA SEWAGE TREATMENT 
P L A N T  

NUMBER OF SAMPLES 
MAXIMUM 
M l N l M U M  
AVERAGE 

NUMBER OF SAMPLES 
M A X I W M  28.4 

I R E A I M E N 7  P L A N T  MAXIMUM 
M I N I M U M  
AVERAGE 

UPSTREAM FROM GRAFTON 0 ~ ~ ~ 3 '  NUMBER OF SAMPLES 

M I N I M U M  

S A M P L I N G  DONE 8 1  HARZA ENGINEERINCI  COMPANY. 

SOURCE- SEYRPC. 

Median coliform concentrations in this reach of 
the Milwaukee River a r e  generally in the range of 
4,000 to 6,000 MFCC/100 ml  (see Table 64), 
indicating that the river is of questionable suita- 
bility for partial-body-contact-recreational activ- 
ities and unsuitable for whole-body-contact rec- 
reation. Coliform concentrations substantially 
greater than 5,000 MFCC/100 ml  are  evident 
downstream from the Fredonia and Saukville sew- 
age treatment plants, indicating that these sections 
of the river are  unsuitable for any water-based 
recreational activities. Effluent disinfection is 

presently practiced throughout the year at the 
West Bend sewage treatment plant and during the 
summer months at the Newburg sewage treatment 
plant. No disinfection is presently provided at the 
Fredonia and Saukville plants. 

Growths of aquatic plants, as described pre- 
viously, detract from the aesthetic value of the 
river. Total phosphorus concentrations in this 
reach were found to range from a minimum of 
0.14 mg/l, as measured upstream from the West 
Bend sewage treatment plant, to a maximum value 



Figure38 Figure 39 
DIURNAL VARIATION OF WATER TEMPERATURE AND 

DISSOLVED OXYGEN CONTENT IN THE 
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Source: Harza Engineering Company. 

Figure 40 

MEASURED DISSOLVED OXYGEN PROFILE 
WEST BEND-WAUBEKA REACH OF THE MILWAUKEE RIVER 

SPRING 1968 

of 2.02 mg/l downstream from this plant (see 
Table 64). The average total phosphorus concen- 
tration within the reach is 0.64 mg/l, o r  over six 
times higher than the guideline maximum value of 
0.10 mg/l in a flowing stream necessary to pre- 
vent nuisance growths of aquatic plants. It was 
estimated that an average of 49,600 pounds of 
phosphorus per year enters the Milwaukee River 
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MEASURED DISSOLVED OXYGEN PROFILE 
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Approximately 59 percent of this phosphorus input 
is from treated waste discharges from the sewage 
treatment plants at Campbellsport, Kewaskum, 
Newburg, and West Bend, and 32 percent i s  from 
agricultural and rural drainage and runoff. 

Figure 42 
CALCULATED DISSOLVED OXYGEN PROFILE UNDER 

UNPLANNED 1990 LAND USE DEVELOPMENT 
CONDlT l ONS AT 25O C Wl T H  90 PERCENT BOD 

REMOVAL AT SEWAGE TREATMENT PLANTS 
MILWAUKEE RIVER - WEST BEND TO NORTH AVENUE DAM 

Biological sampling in this reach of the river in 
1966 revealed the presence of balanced, clean- 
water communities of benthic organisms upstream 
from West Bend and throughout the entire section 
of the river from CTH M three miles upstream 
from Newburg downstream to Grafton. Sampling 
in this section of the river from West Bend 
downstream to CTH M, however, revealed unbal- 
anced benthic communities and polluted conditions 
through most of this 10-mile section. The unbal- 
anced and polluted conditions were caused by 
waste discharges from Line Materials Industries, 
the West Bend Company, and the old West Bend 
sewage treatment plant. Since the biological sur- 
vey was completed, waste-water lines from the 
two industrial plants have been connected to the 
West Bend sewerage system; and a new sewage 
treatment plant, serving the West Bend area and 
located several miles farther downstream, was 
placed in operation, the old plant being abandoned. 
Consequently, the effects of wastes discharged 
from the new plant on stream biota a re  not known 
at this time; but conditions are  expected to be 
considerably improved. 

Future waste discharges to this reach of the Mil- 
waukee River will be from the sewage treatment 
plants serving Fredonia, Newburg, Saukville, and 
West Bend. These plants may be expected to 
serve a total estimated population of 29,600 per- 
sons by 1990 and to discharge treated effluent to 
the river at an average rate of 8.6 cfs (see Table 
60). Even with continued sole reliance on second- 
ary treatment, waste discharges from the plants 
at Fredonia, Newburg, and Saukville may be 
expected to have a negligible effect on DO levels 
in the Milwaukee River. Effluent from the West 
Bend plant, however, may be expected to reduce 
DO levels below 5.0 mg/l from the plant outfall 
downstream for a distance of approximately 10 
miles during critical low-flow conditions, even 
with 90 percent BOD removal (see Figure 42). 

Anaerobic conditions may be expected to develop 
in the impoundment at Newburg. These low oxygen 
levels will preclude the maintenance of a warm- 
water fishery; and the septic conditions, with 
associated offensive odors, that may be expected 
to develop will prevent use of some sections of 
this reach for any uses other than waste assimi- 

rn 55 50 45 ' 0  35 Yi 15 20 16 10 J 0 
RIVER MILE 

NOTE TH8S P R O F ~ L E  15 FOR LOW FLOW CONDlTlONS EXCLYS~VE OF THE EFFECTS OF A L O l E  AND SEWER OVERFLOWS 

Source: Harza Engineering Company. 

lation. Dilution and natural purification may 
be expected to increase oxygen levels to greater 
than 5.0 mg/l downstream from Newburg, and 
the average DO concentrations may be expected 
to remain well above 5.0 mg/l throughout the 
remainder of this reach of the Milwaukee River. 

Further increases in the population served by the 
sewage treatment plants may be expected to result 
in increased discharges of phosphorus to the 
river. By 1990 phosphorus discharges to the 
Milwaukee River upstream from the North Branch 
may be expected to increase to an estimated 
80,300 pounds per year if no specific phosphorus 
removal is undertaken at the upstream sewage 
treatment plants. Approximately 76 percent of 
this phosphorus input would be contributed by 
the upstream sewage treatment plant discharges 
and 22 percent from urban runoff and rural- 
agricultural runoff and drainage. If 85 percent 
phosphorus removal for the basin is provided at 
the sewage treatment plants, a s  presently ordered 
by the state, the total phosphorus contributed 
to the river in 1990 would be reduced to 36,300 
pounds per year, o r  approximately 73 percent 
of the present amount. It may be expected that 
these large amounts of phosphorus will continue 
to stimulate profuse growths of aquatic plants in 
the river. These weed and algae growths may be 
expected to continue to have adverse effects on 
oxygen levels in the river by reducing DO concen- 
trations during the night-time hours and to detract 
from the aesthetic value of the river. 

If adequate disinfection of the effluents from the 
four sewage treatment plants located within this 
reach is provided, bacteriological conditions 
should be suitable for all recreational uses of the 



river, although the septic conditions that may be 
expected to occur downstream from the West Bend 
sewage treatment plant would preclude use of this 
section of the river for any recreational activi- 
ties. If disinfection is not provided, the entire 
reach of the river from the West Bend sewage 
treatment plant downstream to Grafton would be 
bacteriologically unsuitable for any w ater-based 
recreational activities. 

Milwaukee River-Grafton Dam to Lincoln Creek: 
Existing water uses in the reach of the Milwaukee 
River from the Grafton dam downstream to Lin- 
coln Creek include maintenance of a warm-water 
fishery, partial-body-contact-recreational activi- 
ties, livestock and wildlife watering, irrigation, 
waste assimilation, and aesthetic uses. Some of 
these uses a re  presently being made of this reach 
of the river even though water quality levels in the 
reach do not meet state standards for these uses. 
State-established water use objectives include 
all the existing uses plus whole-body-contact- 
recreational activities and industrial and cooling 
water supply. Municipal waste discharges within 
the reach a re  from the sewage treatment plants at 
Grafton and Thiensville and from the Ville du Parc  
and Lac du Cours subdivisions in ~ e q u o n . ~ ~  
These plants serve a total population of 8,410 
persons and discharge treated effluent to the Mil- 
waukee River at an average rate of l. 5 cfs. The 
only industrial waste discharge in this reach is 
from the Badger Worsted Mills, Inc. in Grafton. 

Existing water quality data for this reach are  
summarized in Table 65. Minimum DO levels of 
less than 4.0 mg/l have been measured in the 
impoundments upstream from the Chair Factory 
and Lime Kiln Dams in Grafton, at CTH C in 
Mequon, and at Brown Deer Road in Milwaukee 
County. These occasional low DO levels may be 
attributed primarily to the substantial growths of 
algae and aquatic weeds present throughout this 
reach of the river. Effluent discharges from the 
sewage treatment plants at Grafton and Thiens- 
ville and untreated waste discharges from the 
Badger Worsted Mills, Inc. may also occasionally 
adversely affect DO levels in this reach of the 
river; but the waste assimilation capacity of the 
river is generally sufficient to maintain average 
DO levels well above 5.0 mg/l under normal waste 

28The sewage treatment plants serving the Ville du Parc 
and Lac du Cours subdivisions in the City of Mequon were 
abandoned in 1968 and the tributary sewer service areas 
connected to the Milwaukee metropolitan system. 

loadings from these sources. Growths of algae 
and aquatic weeds, however, cause large daily 
fluctuations in DO levels throughout the reach. 
DO concentrations measured during water quality 
surveys of the river carried out on May 1 and 
from August 1 through 3, 1968, are  shown in Fig- 
ures  43 and 44. Minimum DO levels were found 
to be greater than 9.0 mg/l throughout the reach 
in May; and minimum levels were found to be 
greater than 4.0 mg/l in August, except in the 
impoundment upstream from the Lime Kiln Dam 
at  CTH C, with the measured August average 
exceeding 5.0 mg/l DO throughout the reach. 

Concentrations of coliform in excess of 5,000 
MFcC/~OO ml from Grafton downstream to Cedar 
Creek and from the Thiensville sewage treatment 
plant downstream to Brown Deer Road indicate 
that these sections of the river are  unsuitable 
for any water-based recreational activities. The 
remaining sections of this reach are bacte- 
riologically suitable for partial-body-contact- 
recreational activities. The major sources of the 
coliform organisms are effluents discharged from 
the sewage treatment plants located in the reach. 

The major water quality problems in this reach of 
the river a re  excessive fertilization and potential 
presence of disease-bearing bacteria. High con- 
centrations of phosphorus stimulate growths of 
aquatic plants which occasionally cause DO levels 
lower than the minimum required for maintenance 
of a warm-water fishery and which detract from 
the aesthetic value of the river. The average total 
phosphorus concentration in the reach was found 
to be 0.45 mg/l, or more than four times the 
guideline maximum value of 0.10 mg/l required to 
prevent nuisance growths of aquatic plants in a 
flowing stream. It is estimated that an average 
of 111,200 pounds of phosphorus per year enters 
the Milwaukee River upstream from the Milwau- 
kee County line. Approximately 54 percent of this 
phosphorus input is contributed by upstream sew- 
age treatment plant effluent, 33 percent by rural- 
agricultural drainage and runoff, and 7 percent 
by urban runoff. 

Biological sampling from Gr afton downstream to 
the Milwaukee County line revealed the presence 
of balanced, clean-water communities of benthic 
organisms at all locations sampled, except for a 
location immediately downstream from the Badger 
Worsted Mills outfall, where a clean, but affected, 
community was observed. The reduction in the 
number of clean-water organisms was probably 



TABLE 65 

WATER QUALITY SURVEY DATA SUMMARY FOR 
THE MILWAUKEE R I V E R  (GRAFTCN DAM TO L INCOLN CREEK1 

1964-1968 

'SAMPLING DONE BV YISCONSIN DEPARTMENT OF NATURAL RESOURCES. 

MEDIAN VALUE. 

'SAMPLING DONE BY HARZA ENGINEERING COMPANY. 

SAMPLING DONE 8 1  SEWRPC. 

'SAMPLING DONE BY MILYAUKEE SEWERAGE COMMISSION. 

'SAMPLING DONE BY CONSOER. TOYNSENO L ASSOCIATES. 

SOURCE- SEYRPC. 

SAMPLING LOCATION 

UPSTREAM FROM CHAIR FACTORY 
DAM IN GRAFTON' 

DOWNSTREAM FROM CHAIR 
FACTORV DAM' 

UPSTREAM FROM LIME KILN O4M 
I N  GRAFT ON'^' 

DOWNSTREAM FROM LIME KILN DAM' 

CIH C I N  OLAUKEE COUNTvc.d 

CTH M I N  OZAUKEE COUNTYm.c 

UPSTREAM FROM THIENSVILLE OAMO1c 

DOWNSTREAM FROM THIENSVILLE 
DAM 'r' 

OOWWSTREAM FROM THlENSVlLLE 
SEWAGE TREATMENT PLANT AT 
STH 1 6 7 ' ~ ' . ~  

CDUNIV LINE ROADo 

BROWN DEER ROAD'.L 

GREEN TREE ROADe 

SILVER SPRING ROAD' 

caused by the discharge of dyeing and washing plants serving Grafton and ~hiensvil le. '~ These 
wastes from the Badger Worsted Mills. Recovery plants may be expected to serve a total estimated 
to a typical well-balanced, clean-water benthic 
community was observed 0.5 mile downstream 
from the Mill. 291t is assumed that, by 1990, all that part of the City of 

Mequon lying within the Milwaukee River watershed will be 

DATA 

NUMBER OF SAMPLES 
MAXIMUM 
MINIMUM 
AVERAGE 

NUMBER OF SAMPLES 
nAx lnun  
MINIMUM 
AVERAGt 

NUMBER OF SAMPLES 
waxlnun 
MINIMUM 
AVERAGE 

NUMBER OF SAMPLES 
MAXI MUM 
MINIMUM 
AVERAGE 

NUMBER OF SAMPLES 
MAXIMUM 
MINIMUM 
AVERAGE 

NUMBEN OF SAMPLES 
MAXIMUM 
MINIMUM 
AVERAGE 
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MAXl MUM 
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AVERAGE 
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AVERAGE 
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MINIMUM 
AVERAGE 
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MINIMUM 
AVERAGE 

NUMBEK OF SAMPLES 
MAXIMUM 
MINIMUM 
AVERAGE 

NUMBER OF SAMPLES 
MAXI MUM 
MINIMUM 
AVERAGE 

NUMBER OF SAMPLES 
MAXI MUM 
MINIMUM 
AVERAbE 

served by the Metropolitan Sewerage Commission of the 
Future waste discharges to this reach of the Mil- County of Milwaukee, thereby eliminating any waste dis- 
waukee River will be from the sewage treatment charge from Mequon to the Milwaukee River. 
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Figure 43 
MEASURED DISSOLVED OXYGEN PROFILE GRAFTON-THIENSVILLE REACH 
OF THE MILWAUKEE RlVER AND A SELECTED PORTION OF CEDAR CREEK 
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population of 13,950 persons by 1990 and to dis- 
charge treated effluent to the river at an average 
ra te  of 3.4 cfs. Even with continued sole reliance 
on secondary treatment at these plants, their 
effluents will have only minor effects on DO levels 
in the river. Exclusive of the effects of aquatic 
plants, average DO levels throughout this reach of 
the river should remain well above 5.0 mg/l, even 
during critical low-flow conditions. As indicated 
in Figure 44, however, the DO may be drastically 
reduced by the effects of plant respiration. 

If adequate disinfection of the sewage treatment 
plant effluent is provided, bacteriological condi- 
tions in the river should be suitable for all rec- 
reational uses. If disinfection is not provided, 

DO SATURATION AT 13 S: 
10.3 MG/L 
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I 

however, most of the reach may be expected to 
become unsuitable for any water-based recrea- 
tional activities. 

0 

W  W A J 

w w  I 
I I  I I 

Increases in the population served by sewage 
treatment plants located along the reach of the 
r iver and in the amount of developed urban area in 
the watershed will result in increased discharges 
of phosphorus to the river. By 1990 phosphorus 
discharges to the Milwaukee River upstream from 
the Milwaukee County line may be expected to 
increase to an estimated 178,400 pounds per year, 
o r  to 160 percent of the present amount, if no 
specific phosphorus removaI measures a re  under- 
taken at the upstream sewage treatment plants. 
Approximately two-thirds of this phosphorus input 
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may be expected to be contributed by sewage 
treatment plant effluent. If 85 percent phosphorus 
removal is provided at the treatment plants, the 
total phosphorus contributed to the r iver in 1990 

would be reduced to 87,400 pounds per year, o r  
approximately 79 percent of the present amount. 
Of this 87,400 pounds, approximately 39 percent 
would be contributed by the residual in the treat- 
ment plant effluent; 13 percent would be con- 
tributed by urban runoff; and 40 percent would 
be contributed by rural-agricultural drainage 
and runoff. It may be expected that these large 
amounts of phosphorus will continue to stimulate 
aquatic plant growths in the river and thereby to 
affect adversely water quality by reducing DO con- 
centrations during the night-time hours, as  well 
as  detracting from the aesthetic value of this 
reach of the river. 

Milwaukee River-Lincoln Creek to North Avenue 
Dam: Existing water uses in the reach of the Mil- - 
waukee River from Lincoln Creek downstream to 
the North Avenue Dam include maintenance of a 

warm-water fishery, partial-body-contact recre- 
ation, waste assimilation, and aesthetic uses. 
Some of these uses a r e  presently being made of 
this reach of the river, even though water quality 
levels in the reach do not meet state standards for 
these uses. State-established water use objectives 
include all the existing uses plus whole-body- 
contact recreation and industrial and cooling water 
supply. There a re  no sewage treatment plants 
located within the reach. There are, however, 
11 industries which discharge sewage through the 
storm sewer system to theMilwaukee River within 
the reach. The area tributary to this reach i s  
almost entirely urban and served by theMilwaukee 
metropolitan sewerage system. Wastes from this 
area are transported to the Jones Island and South 
Shore sewage treatment plants for treatment and 
then discharged to Lake Michigan. The principal 
sources of pollution in this reach, consequently, 
are  overflows from the sanitary and combined 
sewers and urban runoff. 

Existing water quality data for this reach a re  
summarized in Table 66. Average dissolved oxy- 
gen levels of less  than 5.0 mg/l in the impound- 
ment upstream from the North Avenue Dam and 
minimum levels substantially lower than 4.0 mg/l 
in this impoundment and in the impoundment 
upstream from the Estabrook Park Dam inhibit the 
maintenance of a warm-water fishery. The only 
section of this reach in which DO levels are  suit- 
able for the maintenance of a healthy fishery is 
from the Estabrook Park Dam downstream to 
Capitol Drive, the reaeration resulting from the 
flow of water over the Dam, increasing DO levels 
above 5.0 mg/l. This level is then maintained 
until the stream enters the North Avenue Dam 
impoundment at Capitol Drive. These low DO 
levels may be attributed primarily to the effects 
of the discharges from both the combined and 
separate sewerage systems. There a re  10 com- 
bined sewer outfalls that discharge untreated 
sewage to the river upstream from the North 
Avenue Dam during storm periods and 85 relief 
points where untreated sanitary sewage is dis- 
charged from the separate sanitary sewers to 
Lincoln Creek and to the Milwaukee River up- 
stream from the North Avenue Dam, as necessary, 
to relieve the overloaded sanitary sewers system. 
The large amounts of organic wastes contained in 
these discharges adversely affect water quality in 
this reach of the Milwaukee River by lowering the 
DO concentration to levels unsuitable for fish life. 
DO concentrations less than 1.0 mg/l have been 
measured in this reach of the river. 



TABLE 66 

WATER QUALITY SURVEY CATA SUMMARY FOR 
THE MILWAUKEE R I V E R  (LIkCCLN CREEK TO NORTH A V E N U E  D A M )  

1964-1968 

D~~~~~~~~ DONE BV U~SCONSIN DEPARTMENT OF NATURAL RESOURCES. 

b~~~~~~~~ DONE BY MILWAUKEE SEUERAGE COMMISSION. 

'S4MPLING DONE BY SEURPC. 

d M ~ ~ l ~ ~  VALUE. 

'SAMPLING DONE BY CONSOER. TOUNSENO C ASSOCI4TES. 

SOURCE- SEYRPC. 

SAMPLING LOCATION 

UPSTREAM FROM ESTABROOU 
PARK 04M'lb.' 

DOYNSTREAM FROM ESTABROOK PARK 
DAM AT RAILROAO  TRESTLE'.^.^ 

UPSTREAM FROM NORTH AVENUE 
 DAM'.^.^ 

The amount of BOD from the combined sewer 
overflows estimated to be entering the Milwaukee 
River upstream from the North Avenue Dam is 
shown in Table 56 to be 935,000 pounds per year, 
o r  an average of about 2,560 pounds per day. This 
is more than two times the amount of BOD con- 
tributed by all the sewage treatment plants in the 
entire Milwaukee River watershed (see Table 50). 
Raw sewage discharged from separate sanitary 
sewers is estimated to contribute five times the 
BOD of the combined sewer discharges upstream 
from the North Avenue Dam, o r  more than 10 
times the amount contributed by all the sewage 
treatment plants in the entire watershed. 

Coliform concentrations (see Table 66) many 
times higher than the limit of 5,000 MFCC/100 ml  
for water-based recreation render the entire 
reach of the river from Lincoln Creek down- 
stream to the North Avenue Dam unsuitable for 
any w ater-based recreational activities. The 
major sources of these coliform organisms a re  
the untreated waste discharges from the combined 
and separate sewer systems. 

DATA 

NUMBER OF SAMPLES 
MAXIMUM 
MINIMUM 
AVERAGE 

NUMBER OF SAMPLES 
UAXIMUM 
MINIMUM 
AVERAGE 

NUMBER OF SAMPLES 
MAXIMUM 
MINI~U~ 
AVERAGE 

Excessive fertilization is also a problem in this 
reach of the river. High concentrations of 
phosphorus stimulate growths of aquatic plants 
throughout the reach. These growths of aquatic 
plants have an adverse effect on DO levels in the 
river during the night-time hours and are  aes- 
thetically objectionable. It is estimated that an 
average of 331,400 pounds of phosphorus per year 

enters the Milwaukee River upstream from the 
North Avenue Dam. Approximately 60 percent 
of this phosphorus input is contributed by over- 
flows of the combined and sanitary sewers, 9 
percent by urban runoff, 18 percent by upstream 
sewage treatment plants, and 11 percent by rural- 
agricultural drainage and runoff. 

PARAMETER 

Future water quality conditions in this reach of 
the river, in the absence of a sound water quality 
management plan and i ts  implementation, may be 
expected to remain at about the same level as a t  
present. Pollution caused by the combined sewer 
overflows and the untreated waste discharges 
from separate sewers may be expected to continue 
to render the stream unsuitable for most uses. 
The large amounts of phosphorus discharged to 
the river from urban runoff and upstream sewage 
treatment plant effluents may be expected to stim- 
ulate luxuriant growths of aquatic plants that 
detract from the aesthetic value of the river. 

Since the area directly tributary to this reach of 
the Milwaukee River is already fully urbanized, i t  
is not expected that there will be a significant 
increase in future waste discharges to the river. 
Urbanization in upstream areas, however, will 
result in increased amounts of phosphorus in this 
reach of the river. It is estimated that, by 1990, 
the average amount of phosphorus discharged to 
the Milwaukee River will increase to 200,600 
pounds per year, exclusive of combined and sani- 
tary sewer discharges in Milwaukee County, if no 
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specific phosphorus removal measures a re  under- 
taken at upstream sewage treatment plants. If 
85 percent phosphorus removal is provided at 
these plants, the total phosphorus contributed to 
the river in 1990, exclusive of sewer overflows, 
would be reduced to 109,600 pounds per year, or  
approximately 82 percent of the present amount, 
exclusive of combined and sanitary sewer over- 
flows (see Tables 61 and 62 ). Of this 109,600 
pounds, 31 percent would be contributed by urban 
runoff, 31 percent by the residual remaining in 
the treatment plant effluent, and 32 percent by 
rural- agricultural drainage and runoff. 

East Branch of the Milwaukee River: Existing 
water uses in the East Branch of the Milwaukee 
River include maintenance of a warm-water fish- 
ery, partial- and whole-body-contact-recreational 
activities, livestock and wildlife watering, and 
aesthetic uses. State-established water use objec- 
tives for the East Branch include all of the 
existing uses. The area tributary to the East 
Branch is almost entirely rural  in character, 
with substantial recreational development around 
Mauthe Lake and Long Lake. There are  no major 
waste discharges to the East Branch. 

Water quality data available for the East Branch 
are  not sufficient to describe adequately the exist- 
ing water quality conditions in the river. It may 
be inferred, however, from the limited amount of 
existing data and from the fact that there a re  no 
waste discharges to the river, that water quality 
throughout the stream is suitable for all existing 
water uses. Substantial growths of aquatic plants 
have been observed in several sections of the 
river, which would indicate that nutrients are  
present in amounts sufficient to stimulate these 
growths. 

Future water quality conditions in the river may 
be expected to remain the same as  at present, and 
water quality should be suitable for all desirable 
future uses. No major change is expected in the 
general rural  character of the area, nor is any 
significant urban development likely. 

North Branch of the Milwaukee River and Its 
Tributaries: Existing uses of the North Branch of 
the Milwaukee River and its tributaries include 
maintenance of a warm-water fishery, partial- 
body-contact-recreational activities, livestock and 
wildlife watering, waste assimilation, and aes- 

thetic uses. All of the existing uses, plus whole- 
body-contact-recreational uses, a re  included in 
the state-established water use objectives. Munic- 
ipal waste discharges in the area tributary to the 
North Branch a re  from the sewage treatment plant 
at the Village of Random Lake, which discharges 
to Silver Creek, and the sewage treatment plant at 
the Village of Adell, which discharges to an 
unnamed tributary of the North Branch. These 
plants serve a total population of 1,330 persons 
and discharge treated effluent at a combined 
average rate of 0.2 cfs. Industrial waste dis- 
charges are  from the Krier Preserving Company 
at Random Lake, which occasionally discharges 
canning wastes to Silver Creek as  a result of run- 
off from their spray irrigation facilities used for 
treating the wastes, and from Foremost Foods, 
Inc., at Adell, which discharges industrial wastes 
to the Adell tributary after treatment in an aerated 
lagoon. The Passini Cheese Company located near 
Plymouth formerly discharged milk-processing 
wastes to the North Branch as a result of overflow 
from their treatment lagoon, but operations were 
discontinued at this location in 1967. 

Water quality data for the main stem of the North 
Branch a re  available at only one location along the 
stream-at CTH M, 2.2 miles upstream from the 
mouth of the North Branch. Average dissolved 
oxygen concentrations measured at this location 
are  well above 5.0 mg/l, with a minimum value of 
5.1 mg/l?' DO measurements made at this loca- 
tion on July 29 through 31, 1968, revealed a sub- 
stantial diurnal fluctuation, with minimum values 
near 6.0 mg/l during the early morning hours and 
maximum levels of 13.0 to 16.0 mg/l during the 
late afternoon. The DO levels measured a r e  suf- 
ficient to maintain a warm-water fishery in 
the stream. It may be assumed that DO levels 
throughout most of the main stem of the North 
Branch should be similar to the values measured 
at the CTH M location, since there are  no major 
waste discharges to the main channel. 

''A DO value of 0.4 mg/ l  was measured at the CTH M loca- 
tion on July 24, 1954, but this measurement has not been in- 
cluded in this discussion as it was the result of a very un- 
usual rainfall event. A rainfall of almost eight inches during 
the week preceding the sampling date flushed large quanti- 
ties of vegetal material from marsh areas tributary to the 
North Branch. This heavy vegetal loading, together with 
large quantities of organic material contained in the rural 
and agricultural runoff; are believed to have caused the un- 
usually low DO level measured. 



Dissolved oxygen levels in Silver Creek and the 
Adell tributary are  generally less than 5.0 mg/l, 
with minimum values of 0.0 to 1.0 mg/l. These 
low levels a r e  caused by the existing municipal 
and industrial waste discharges to the streams. 
Waste discharges make up the entire flow of these 
two tributaries except during storm periods; and, 
consequently, no dilution is  available for the waste 
discharges. These two streams a re  unsuitable for 
the maintenance of a warm-water fishery. It 
appears, however, that neither stream has a 
significant adverse effect on DO levels in the main 
stem of the North Branch because of the very low 
flows in the tributaries a s  compared to the flow of 
the North Branch. 

A median coliform concentration of 1,400 MFCC/ 
100 ml  in the North Branch at CTH M indicates 
that the river is generally suitable for partial- 
body-contact-recreational activities but is of 
questionable suitability for whole-body-contact 
recreation. Coliform concentrations substantially 
in excess of 5,000 MFCC/~OO ml along Silver 
Creek and the Adell tributary render these two 
small s treams completely unsuitable for any 
water-based recreational activities. 

Phosphorus concentrations in the North Branch in 
excess of 0.10 mg/l during the summer months 
stimulate aquatic plant growth in the stream and, 
in turn, cause diurnal fluctuations in DO levels. 
It  is estimated that an average of 13,000 pounds of 
phosphorus per year enters the North Branch. 
Approximately 69 percent of this phosphorus input 
is contributed by rural-agricultural drainage and 
runoff, 8 percent by urban runoff, 15 percent by 
sewage treatment plants, and 8 percent by private 
sewage disposal systems. 

Biological sampling in the Adell tributary revealed 
a balanced benthic community below the Foremost 
Foods waste lagoon, probably due to artificial 
aeration from the lagoon dam. A sample further 
downstream, but above the Adell sewage treatment 
plant, revealed an unbalanced community due to a 
poor physical site and the upstream lagoon. The 
stream is affected biologically for several miles 
because the base flow consists of the treated 
effluents of an industrial treatment facility, a 
municipal sewage treatment plant, and the poor 
quality of water from marsh drainage. Biological 
sampling in Silver Creek revealed unbalanced and 
affected benthic communities where downstream 
from the Krier Preserving Company and the Ran- 
dom Lake sewage treatment plant. Heavy slimes, 

sludge deposition, septic odors, and cloudy water 
conditions characterize the stream downstream 
from the waste sources. An unbalanced benthic 
community was also evident upstream from these 
waste sources, and i t  may be possible that there 
a r e  unknown waste sources upstream. Recovery 
to a balanced benthic population was observed 
approximately four miles downstream from the 
sewage treatment plant. 

The total lengths of the Silver Creek and Adell 
tributaries, 7.1 and 3.0 miles, respectively, do 
not meet one o r  more of the standards for one o r  
more of either the existing water uses o r  the 
state-established water use objectives. Future 
water quality conditions in the North Branch and 
i t s  tributaries may be expected to remain similar 
to the present conditions. The main stem of the 
North Branch should be suitable for all future 
uses throughout most of i t s  length, since it i s  not 
anticipated that there will be any significant waste 
discharges to it. Silver Creek and the Adell tribu- 
tary, however, will remain unsuitable for all uses 
if continued reliance is placed on secondary treat- 
ment o r  i t s  equivalent for the municipal and indus- 
tr ial  wastes at  Random Lake and Adell. 

Cedar Creek: Existing water uses in Cedar Creek 
include maintenance of a warm-water fishery, 
partial- and whole-body-contact-recreational ac- 
tivities, livestock and wildlife watering, irriga- 
tion, waste assimilation, and aesthetic uses. 
State-established water use objectives include all 
of the existing uses plus industrial and cooling 
water supply at Cedarburg. Municipal waste dis- 
charges to Cedar Creek are  from the sewage 
treatment plants at Jackson, which serves 500 
persons and discharges treated effluent at an 
average rate of 0. 06 cfs, and at Cedarburg, which 
serves 7,000 persons and discharges treated 
effluent at an average ra te  of 1 .7  cf s. Industrial 
waste discharges a re  from the Libby, McNeill, 
and Libby plant in Jackson, the Level Valley Dairy 
near West Bend, and the Kiekhaefer Corporation 
in Cedarburg. 

Existing water quality data for Cedar Creek a re  
summarized in Table 67. About 25 miles of the 
31.5 mile-length of Cedar Creek do not meet one 
o r  more of the standards for one o r  more of either 
the existing water uses o r  the state-established 
water use objectives. Minimum dissolved oxygen 
concentrations of less than 4.0 mg/l downstream 
from Cedarburg inhibit the use of these sections 
of the stream for the maintenance of a healthy 



TABLE 67 

WATER QUALITY SURVEY D A T A  SUMMARY FOR 
THE PILWAUKEE R I V E R  (CEDAR CREEK) 

1964-1968 

UPST4EAM FROM JACKSON AT 
S H E R M ~ N  ROAD-  

STH 6 0  NEAR JACKSOND 

1.5 M I L E S  DOWNSTREAM FROM 
JACKSON SEWAGE TREATMENT PLAN? 

DOWNSTREAM FROM JACKSON MARSH 
C T n  8 '  

S A M P L I N G  L O C A T I O N  

UPSTREAMcFROM CEOARBURG A 1  
STH 6 0  

DATA 

PARAMETER 

NUMBER OF S l M P L E S  
MAXIMUM 
M I N I M U M  
AVERAGE 

TEMPERATURE 
l ° C I  

NUMBER OF SAMPLES 
n A x l n u M  
M I N I M U M  
AVERAGE 

0 0  BOO N I T R A T E  C H L O R I D E  COLIFORM 
I M G l l l  I M G l l l  I M G / l I  1MG11)  I M F C C l l O O M L l  

NUMBER OF SAMPLES 
MAXIMUM 
M I N I M U M  
AVERAGE 

NUMBER OF SAMPLES 
MAXIMUM 
n l N l n u n  
AVERAGE 

NUMBER OF SAMPLES 
MAXIMUM 
n I N I M u n  
AVERAGE 

OOYNSTREAM FROM CEOARBURG SEWAGE NUMBER OF SAMPLES 
TREATMENT P L A N T  ABOVE H A H I L T O N  M X I M U M  
O A M ~  1 M I N I u M  

UPSTREAM FROM CEDARBURG SEWAGE 

1 AVERAGE 1 19.1 

NUMBER OF SAMPLES 
n r x l w u n  
M I N I M U M  
AVERAGE 

' S A M P L I N G  DONE B V  SEYRPC. 

DOWNSTREAM FROM H A M I L T O N  O A M " ~  

d~~~~~~~~ DONE BY HARZA ENGINEERING COMPANV. 

SOURCE- SEWRPC. 

warm-water fishery. These low DO levels may be 
attributed to municipal and industrial waste dis- 
charges in Jackson and Cedarburg, by drainage 
f rom the large marsh areas tributary to Cedar 
Creek, and by the large growths of aquatic plants 
in the stream. Dissolved oxygen levels of less 
than 4.0 mg/l have also been measured on the 
North Branch of Cedar Creek downstream from 
the Level Valley Dairy outfall. 

'SAMPLING DONE B V  W I S C O N S I N  DEPARTMENT OF NATURAL RESOURCES. 

b ~ ~ o ~ ~ ~  VALUE. 

NUMBER OF SAMPLES 
MAXIMUM 
MINIMUM 
AVERAGE 

Median coliform concentrations which a re  sub- 
stantially higher than 5,000 MFCC/100 ml  at 
all locations other than STH 60 upstream from 
Cedarburg indicate that water quality throughout 
most of Cedar Creek is bacteriologically unsuit- 
?ble for any water-based recreational activities. 
The major sources of these coliform organisms 
a r e  the municipal and industrial waste discharges 
to the stream. The source of the high coliform 
concentrations upstream from Jackson (see Table 
67) is not known, but it is suspected that they may 
be caused by upstream barnyard runoff and septic 
tank overflows. 

1 3 1 1  
25.5 
10.0 
19.1 

High concentrations of phosphorus in Cedar Creek 
stimulate luxuriant growths of aquatic plants 
which have adverse effects on DO levels in the 
stream and which detract from the aesthetic value 
of Cedar Creek. It is estimated that an average 
of 23,300 pounds of phosphorus per year enters 
Cedar Creek. Approximately 56 percent of this 
phosphorus input is contributed by sewage treat- 
ment plant effluent, primarily from the Cedarburg 
plant; 34 percent by rural-agricultural runoff and 
drainage; and 6 percent by urban runoff. 

Biological sampling in Cedar Creek and the North 
Branch of Cedar Creek revealed the presence of 
clean-water balanced benthic communities at all 
locations sampled except those downstream from 
Libby, McNeill, and Libby; the Jackson sewage 
treatment plant; and Level Valley Dairy. A clean- 
water benthic community was observed down- 
stream from the Libby, McNeill, and Libby 
lagoon; but there was a large increase of pollu- 
tion-tolerant organisms at this location. The bio- 
logical evidence suggests that wastes a re  entering 



the stream from the lagoon and a re  affecting the 
stream ecology. An unbalanced benthic community 
indicative of pollution was sampled downstream 
from the Jackson sewage treatment plant. Recov- 
ery  to a clean, balanced community occurred five 
miles downstream from the plant ouffall. Sampling 
downstream from the Level Valley Dairy on the 
North Branch of Cedar Creek revealed an unbal- 
anced and affected benthic community resulting 
from intermittent waste discharges from the 
Dairy. Bottom sludge deposits, slimes, septic 
odors, and floating organic wastes were observed 
at this location. 

Future municipal waste discharges to Cedar Creek 
will be from the sewage treatment plants at Jack- 
son and Cedarburg, which may be expected to 
serve a total estimated population of 14,8 10 per- 
sons by 1990 and to discharge treated effluent to 
the river at an average ra te  of 4.2 cfs. Increases 
in the amounts of industrial waste discharged to 
the stream may also be expected in the future. If 
adequate secondary treatment is provided for 
future waste discharges in the Jackson area, the 
natural waste assimilation capacity of the stream 
will be sufficient to maintain average dissolved 
oxygen levels greater than 5.0 mg/l. If adequate 
effluent disinfection is provided and the upstream 
sources of coliform contamination are eliminated, 
water quality should be bacteriologically suitable 
for all recreational uses. 

Continued utilization of secondary treatment at the 
Cedarburg sewage treatment plant will not be suf- 
ficient to maintain average daily dissolved oxygen 
levels in excess of 5.0 mg/l downstream from 
the plant outfall in the future. Waste discharges 
from the plant by 1990 may be expected to lower 
DO levels 2.0 to 3.0 mg/l in the impoundment 
upstream from the Hamilton Dam so that this 
reach of Cedar Creek will not be suitable for the 
maintenance of awarm-water fishery. If effluent 
disinfection is provided, the stream should be 
bacteriologically suitable for recreational uses. 

Increases in population and urban area will result 
in increased discharges of phosphorus to the 
stream, particularly in the reach of Cedar Creek 
in, and downstream from, Cedarburg. By 1990 
phosphorus discharges to Cedar Creek will 
increase from an estimated 23,300 pounds per 
year to an estimated 39,000 pounds per year if no 
specific phosphorus removal measures are  under- 
taken at the municipal sewage treatment plants. 
Approximately 74 percent of this phosphorus input 

would be contributed by treatment plants. If 85 
percent phosphorus removal is accomplished at 
these plants, the total phosphorus contributed to 
the river in 1990 would be reduced to 18,000 
pounds per year, o r  approximately 77 percent of 
the present amount entering the river. Approxi- 
mately 23 percent of this amount would still be 
contributed by the treatment plants, 9 percent by 
urban runoff, and 26 percent by rural-agricultural 
drainage and runoff. It is to be expected that 
these large amounts of phosphorus will continue 
to stimulate substantial aquatic plant growths in 
the stream?' 

Lincoln Creek: Lincoln Creek has a small, almost 
entirely urban, drainage area. Its principal uses 
a re  for carrying storm waters, for waste assimi- 
lation, and for aesthetic purposes. State-estab- 
lished water use objectives include the existing 
uses plus partial-body-contact recreation. During 
dry-weather periods, the stream has a low flow 
composed primarily of clear, cooling waters dis- 
charged from industrial plants. The major waste 
discharge to the stream is untreated sanitary 
sewage that is discharged from the sanitary sewer 
system during periods of wet weather to prevent 
surcharge of the sanitary sewers. There are  60 
such relief points that result in untreated sewage 
being discharged to Lincoln Creek. 

Water quality measurements made during 1965 in 
Lincoln Creek just upstream from its mouth indi- 
cate that the stream is severely polluted. The 
total length of Lincoln Creek, about 7.1 miles, 
does not meet one o r  more of the standards for 
one o r  more of either the existing water uses o r  
the state-established water use objectives. Dis- .- 

solved oxygen concentrations averaged 2. lemg/l, 
with more than 50 percent of the values measured 
being between 0.0 and 1.0 mg/l. (The BOD con- 
centrations ranged from 4.4 to 77.0 mg/l and 
averaged 19.2 mg/l.) The coliform concentrations 
ranged from 140,000 to 22,000,000 MFCC/100 ml, 
with a median value of 1,500,000 MFCC/100 ml. 

31 Water quality sampling data collected by the Wisconsin 
Department of Natural Resources during the period from 
1968 through 1970 indicates a substantial improvement in the 
water quality of Cedar Creek, primarily due to the correc- 
tion of malfunctioning septic tank systems located in the 
watershed area tributary to Cedar Creek and to the im- 
provement of the waste treatment facilities serving the Lib- 
by, McNeill, and Libby, Znc. cannery at Jackson. Such cor- 
rective action and improvements have been largely due to 
the efforts of the Cedar Creek Restoration Council, a citi- 
zens' organization. 



Essentially, the stream is serving as an open 
sewer and is presently unsuitable for any other 
use. In addition, discharge of polluted water from 
Lincoln Creek to the Milwaukee River adversely 
affects downstream water quality in the Milwaukee 
River. High coliform concentrations in the river 
downstream from the mouth of Lincoln Creek 
render i t  unsuitable for any water-based recrea- 
tional activities. Future water quality conditions 
in Lincoln Creek may be expected to remain sim- 
i lar  to present conditions until the discharge of 
untreated sewage to the stream is eliminated.32 

Minor Streams: In the Milwaukee River watershed, 
there a re  numerous small s treams that have not 
been discussed in the preceding sections. Most of 
these streams a re  not of areawide significance 
because of their relatively small size and limited 
use. Although there is little or  no water quality 
information available concerning these minor 
streams, i t  is thought that the stream water 
quality is generally suitable for all reasonable 
stream uses, with the exceptions noted below, 
since there a re  no known waste discharges to 
these streams. Future water quality in the minor 
streams of the Milwaukee River watershed may 
be expected to remain at a level suitable for all 
reasonable uses provided that no major waste dis- 
charges a re  made to them. 

Minor streams in the watershed that receive 
waste discharges and experience a poor quality of 
water include two small unnamed tributaries to 
the Milwaukee River near Fredonia, Pigeon Creek 
near Thiensville, and Indian Creek in River 
Hills. A small tributary to the Milwaukee River 
that flows through Fredonia occasionally receives 
industrial wastes from De Soto Chemical Coat- 
ings, Inc. Biological evidence, however, indi- 
cated that there was no severe environmental 
damage to the tributary from this waste source. 
A second small tributary to the Milwaukee River, 
located approximately two miles south of Fre- 
donia, receives waste discharges from the River 
Road Cheese Factory. The wastes are  processed 
through a septic tank and then discharged to a 
lagoon located in a swampy area near the plant. 
After seeping through the ground, the wastes 

321n 1970 public health officials of the City of Milwaukee 
became very concerned over the hazards to public health 
created by the discharge of raw sewage directly to Lincoln 
Creek from sewer overflows located along the Creek. Signs 
were posted by the City warning the general public of the 
polluted condition of the Creek waters. 

become the headwaters of the tributary. Low dis- 
solved oxygen levels have been measured 0.7 mile 
downstream from the waste discharge. DO levels 
at  the mouth of the tributary, however, increase 
to well above 5.0 mg/l. 

Pigeon Creek, located north and west of Thiens- 
ville, receives waste discharges from the Federal 
Foods processing plant. The wastes a re  treated 
in septic tanks and discharged to a swampy area 
west of STH 57, from which they enter Pigeon 
Creek. Dissolved oxygen levels in Pigeon Creek 
downstream from the waste discharge a re  gener- 
ally less than 5.0 mg/l and occasionally less than 
1. 0 mg/l. Coliform levels a s  high as  22,000,000 
MFCC/~OO ml have been measured downstream 
from the waste discharge. Many complaints have 
been made b i  residents along the creek relative to 
the nuisance odors in the area. Biological sam- 
pling revealed unbalanced and affected benthic 
communities, sludge deposits, and slime growths 
downstream from the waste discharge. Recovery 
to a clean-water benthic community was noted 
approximately one mile downstream from the 
waste discharge. 

Indian Creek occasionally receives sewage wastes 
from bypasses of sanitary sewage at the Manor 
Road lift station and from portable pumps oper- 
ated in periods of wet weather by the Village of 
Fox Point. The state has designated that only the 
minimum standards be maintained for water use 
in this stream. The total length of Indian Creek, 
about 1.9 miles, does not meet one o r  more of 
the standards for one o r  more of either the exist- 
ing water uses o r  the state-established water 
use objectives. 

LAKE WATER QUALITY CHARAC- 
TERISTICS OF THE WATERSHED 

Water quality in a lake varies with the depth of the 
lake, as  well as  the season of the year. In shal- 
low lakes the body of water i s  well mixed, and 
water quality i s  fairly uniform throughout the 
entire depth. In lakes deeper than about 20 feet, 
however, three separate zones o r  layers of water 
tend to develop during the summer months. The 
upper zone, o r  epilimnion, consists of a well- 
mixed layer of relatively warm water of uniform 
temperature. The bottom zone, o r  hypolimnion, 
consists of the densest, coldest water in the lake. 
These two zones a re  separated by a layer of 
water known as  the thermocline, in which there 
i s  a rapid drop in temperature with increasing 



depth. The thermocline acts as a barr ier  that 
prevents mixing of the upper layer of water with 
the bottom layer of water and thus maintains 
the thermal-stratification of the lake during the 
summer months. 

The seasons induce a cycle of physical and chemi- 
cal changes in the water that are  often conditioned 
by temperature. For a few weeks in the spring, 
water temperatures may be homogeneous from the 
top of a water body to the bottom. Vertical water 
density is also homogeneous, and i t  becomes pos- 
sible for the wind to mix the water in a lake, dis- 
tributing nutrients and flocculent bottom solids 
from the deeper waters. Oxygen i s  mixed through- 
out the water during this time. The advance of 
summer quickly checks circulation by warming 
the surface waters. As these waters warm, they 
become lighter, resting over colder water of 
greater density. Thus, a thermal stratification 
is formed. As autumn comes the standing body 
of water cools; the epilimnion increases in thick- 
ness until the lake becomes homothermous, and 
again a period of complete circulation begins. 
This occurs from late September to December, 
depending upon the area  and depth of the lake 
and i t s  geographic and climatic location. It lasts 
until changes in density occur from November to 
January, varying with lake and season and geo- 
graphic locations. Circulation then ceases until 
the spring?3 

Of the 21 major lakes in the Milwaukee River 
watershed, eight have a maximum depth of less 
than 22 feet and, consequently, a re  generally 
not stratified. These unstratified lakes include 
the following: Barton, Lucas, Mud (Fond du Lac 
County), Mud (Ozaukee County), Random, Smith, 
Spring, and West Bend Pond. The remaining 
13 major lakes experience thermal stratification 
during the summer months. Figure 45 indicates 
the temperature and dissolved oxygen profiles of 
Crooked Lake a s  measured during the summer of 
1968. These profiles show conditions that a re  
typical of all of the stratified lakes in the water- 
shed. Dissolved oxygen levels in the epilimnion 
of all of the stratified lakes a re  generally in the 
range of 6 to 9 mg/l, and temperatures range from 
73' to 77'~. In the hypolimnion, however, dis- 
solved oxygen levels decrease to 0 in all of the 
lakes; and temperatures generally range from 
56' to 74'~. Table 68 indicates the temperature 

33 U. S. Public Health Service Publication No. 1167, Limno- 
logical Aspects of Recreational Lakes, 1964. 

ranges of the epilimnion and hypolimnion of the 
stratified major lakes within the watershed, a s  
found in a survey conducted as a part of the water- 
shed study in August of 1968. Temperature and 
dissolved oxygen levels in the unstratified major 
lakes of the watershed are  generally similar to 
those existing in the epilimnion of the stratified 
lakes during the summer months, with oxygen 
levels near o r  above saturation and temperatures 
generally in the range of 70' to 85'~. Table 69 
indicates the temperature ranges found in the 
unstratified major lakes. 

Figure 46 indicates the maximum depth and the 
depth to the thermocline of the 21 major lakes 
within the watershed. It should be noted from the 
figure that the deepest lake, Big Cedar, does not 
have the deepest thermocline and that the shallow- 
est  of stratified lakes, Twelve Lake, does not have 
the shallowest thermocline. This apparent dis - 
crepancy i s  due to the fetch, which i s  the surface 
area and geographic orientation of the lake which, 
if relatively large and oriented with the longest 
dimension in the direction of the prevailing winds, 
tends to drive the thermocline deeper. Other phy- 
sical characteristics of the lakes may also tend 
to influence the depth to the thermocline so that 
no direct relationship between total depth and 
depth to the thermocline exists. 

During the winter months, the dissolved oxygen 
content of the shallow lakes is depressed under 
the existing ice cover to levels critical for fish 
life, and frequent "winterkills" of fish a r e  experi- 
enced in most of these lakes. These low oxygen 
levels result from the utilization of the dissolved 

Figure 45 
DISSOLVED OXYGEN AND TEMPERATURE PROF l LES 

OF CROOKED LAKE, SHEBOYGAN COUNTY 
1968 
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DISSOLVED OXYGEN CONTENT IN MG/L  

Source: Wisconsin Department of Natural Resources. 



TABLE 6 8  

TEMPERATURE RANGES OF THE MAJOR LAKES WHICH STRATIFY 
I N  THE CILWAUKEE RIVER WATERSHED- AUGUST 1968  

O T H E  MAXIMUM DEPTH OF LONG LAKE I S  4 7  FEET NEAR THE CENTER OF THE LAKE- 

SOURCE- WISCONSIN DEPARTMENT OF NATURAL RESOURCES- 

TABLE 69 

LAKE 

B I G  CECAR 
NORTH ENO*e.-*e 
CENTERe.oo---.. 
SOUTH END- l 

CRCOKEC*--e-*-e-* .  
E L L E N ~ - - - - . - - - * e e e  
FIFTEEN*eo--- - ,eaa 
FOREST- . . e~ .ee~eee  
G R E E N o e e - ~ ~ ~ - ~ ~ ~ ~ ~  
KETTLE MORAINE-.-- 
L I T T L E  CEDAR*.-.-- 
LONG 

NORTH END- l 
SOUTH END* 0 

MAUTHE-e.e...--e.. 
S ILVERe-*e- .eooe-o  
TWELVEt r . . r r a r ro r r  
WALLACE**-e.0 0,. ,- 

TEMPERATURE RAkGES OF THE 
MAJOR LAKES WHICH CC NOT STRATIFY 
I N  THE MILWAUKEE RIVER WATERShED 

AUGUST 1968 

EPIL IHNION 
TEMPERATURE RANGE ( O F )  MAXIMUM 

DEPTH 
(FEET 1 

4 2  
10  

105 
3 2 
4 2 
2 9 
32  
3 7 
3 0 
5 6 

3 0  a 

30' 
2 3 
4 7 
2 0  
3 5 

LOW 

7 2 - 5  
72.5 
73.4 
6 6  2 
6 9 - 8  
6 8 - 0  
80.6 
78.8 
6 5 - 3  
7 2 - 5  

69.8 
6 9 - 8  
77.9 
7 5 - 2  
82.4 
79.3 

oxygen present in the water by the organic matter 
present in the water at a time when the ice cover 
prevents reaeration of the lake water from the 
atmosphere. Thus, the oxygen originally present 
in the lake at the time of the autumn freeze over 
i s  depleted; and no new oxygen is added from 
the atmosphere. 

HIGH 

7 3 - 4  
73.4 
7 4 - 3  
69.8 
7 3 - 4  
70.7 
8 0 -  6 
82 4 
7 3 - 4  
7 7  09 

75 2 
7 4 - 3  
8 2 - 4  
7 7 - 9  
8 3 -  3 
8 0  6 

Figure 46 

MAXIMUM DEPTH OF A L L  MAJOR LAKES AND DEPTH 
TO THERMOCLINE IN THE STRATIFIED MAJOR LAKES 

IN THE MILWAUKEE RIVER WATERSHED 
SUMMER 1968 

HYPOLIMNION 
TEMPERATURE RANGE I O F )  

LAKE 

BARTON POND 
LUCAS 
MUD (FOND DU L A C )  
RANDOM 
S M I T H  
SPRING 
WEST BEND POND 
MUD (OZAUKEEI 

LOW 

59.0 
5 0 - 0  
4 9 - 1  
5 0 - 0  
6 6 - 2  
50.0 
53-  6 
5 7 - 2  
57- 2 
5 1 - 8  

60 -  8 
60-  8 
570 2 
5 3 - 6  
71.6 
5 7 - 2  

SOURCE- WISCONSIN DEPARTMENT OF NATURAL RESOURCES. 

MAXIMUM 
DEPTH 
( F E E T )  

5 
15 
17 
2 1  

5 
2 2 
14 
4 

TEMPERATURE RANGE ( O F )  

9 0  1 I 
MAXIMUM DEPTH 

96 

H I G H  

7 2 - 5  
7 2 -  5 
730 4 
6 6 - 2  
69 -  8 
68 -  0 
80. 6 
78.8 
65-  3 
72.5 

69 -  8 
69-  8 
77.9 
75.2 
82.4 
79.3 

LOW 

78.3 
73.8 
66.2 
66.2 
76.5 
62.6 
77.0 

NO DATA 

t so 

66 

72 

78 

Source: Wisconsin Department of Natural Resources. 

~ I G H  

80.6 
80.1 
70.7 
71.6 
79.2 
66.6 
81.5 

NO DATA 

/ 
/ 
// 
A DEPTH TO THERMOCLINE 



Lakes in the Milwaukee River watershed a re  gen- 
erally classified as  being moderately hard, alka- 
line, fertile lakes. The average chemical com- 
position of the 2 1  major lakes in the watershed i s  
shown in Table 70. The high alkalinity and rela-  
tively large amounts of nutrients (nitrogen and 
phosphorus) present in the lake waters are  indi- 
cative of lakes in a region of fertile soils and 
limestone bedrock conditions. The Niagara dolo- 
mite underlying much of the watershed accounts 
for  the high magnesium concentration relative to 
the calcium concentration. 

Concentrations of chloride and sodium ions in 
a lake substantially greater than the average 
regional level indicate the possibility of pollution. 
Of the 21  major lakes in the watershed, five have 
chloride concentrations indicative of pollution; and 
the same five also have sodium levels indicative 
of pollution. These lakes and their respective 
chloride and sodium concentrations a r e  listed in 
Table 71. 

TABLE 70 

AVERAGE CHEMICAL AND PHYSICAL 
COMPOSITICN OF THE MAJOR LAKES I N  

THE W I  LWAUKEE RIVER WATERSHED- 1 9 6 8  

SOURCE- W I S C O N S I N  OEPARTMENT OF NATURAL RESOURCES. 

C O M P O S I T I O N  

MAGNESIUM 
C A L C I U M  
S O D I U M  
P O T A S S I U M  
I RON 
SULPHATE 
C P L O R I C E  
PHOSPHATE I D I S S O L V E O I  
PHCSPHATE ( T O T A L )  
N I T R A T E  N I T R O G E N  
T O T A L  A L K A L I N I T Y  
PH 
S P E C I F I C  CONDUCTANCE 

TABLE 7 1 

AVERAGE CONCENTRATION 
VALUE 

2 9 . 7 7  M G / l  
2 8 . 6 1  H G l l  

4 . 7 6  M G / 1  
1 . 6 5  M G / l  
0 . 0 6  M G / ~  

26.29 M G / l  
7 . 5 0  M G / l  
0 . 3 0  M G / l  
0 . 4 0  M G / 1  
0 . 7 8  H G / 1  

1 9 0 . 8 6  M G / l  
8 . 2 0  U N I T S  

3 4 3 . 6 8  MICROMHOS/CM 

CAJOR LAKES I N  THE PILWAUKEE RIVER 
WATERSHED CCNTAIhING SODIUM 

AND CHLORIDE I N  CGNCENTRATIONS 
I N D I C A T I V E  CF POLLUTION 

1 9 6 8  AND 1 9 6 9  

RANDOM 
ELLEN 
BARTON POND 10 .5  15.8 
UEST BEND POND 9.5 19 .1  4.6 8.4 
WALLACE 4.5 19.7 9.5 

SOURCE- Y ISCONSIN OEPARTMENT OF NATURAL RESOURCES. 

Figure 47 shows a comparison of chlorides and 
specific conductance in the 21 major lakes. This 
comparison does not show a relationship which 
might be expected between these two parameters. 
In some lakes chloride concentrations are  not high 
when specific conductance i s  high, and in other 
lakes the reverse is true. This lack of a relation- 
ship indicates that other dissolved solids, as  well 
as chlorides, a re  responsible for the high specific 
conductance in some lakes. 

Coliform bacteria determinations made during the 
summer of 1968 indicated that coliform levels in 
three of the 21 major lakes exceed 1,000 MFCC/ 
100 ml, the maximum concentration permitted by 
the Wisconsin Water Quality Standards for whole- 
body-contact-recreation activities (see Table 72). 
The major sources of the coliform organisms 
were not identified, however; and a s  a result the 
sanitary significance of these high coliform levels 
is not known. 

Concentrations of the fertilizing elements, nitro- 
gen and phosphorus, in the major lakes of the 
Milwaukee River watershed, a s  measured during 
the spring and summer of 1968, are  listed in 
Table 73. Thirteen lakes listed in Table 73 con- 
tained dissolved phosphate concentrations in the 
spring that a re  less than 0.035 mg/l, the approxi- 
mate threshold concentration for the occurrence 
of algal blooms in the lakes in southeastern Wis- 
consin. These 13 lakes may be classified a s  only 
slightly fertile. The second group of eight lakes 
listed in Table 73 is characterized by spring dis- 

Figure 47 
COMPARISON OF SPECIFIC CONDUCTANCE AND 

CHLORIDE CONCENTRATION FOR THE MAJOR LAKES 
IN THE MILWAUKEE RIVER WATERSHED 

SUMMER 1968 

600 SO 

SPECIFIC CONDUCTANCE 
500 50 

- 
LAKE 

Source: Wisconsin Department of Natural Resources. 



solved phosphate concentrations greater than the TABLE 72 - 

threshold level of 0.035 mg/l and, in some cases, 
even greater than the average dissolved phos- 
phorus level of 0.05 mg/l of the lakes within the 
Region. This second group of lakes may be con- 
sidered highly fertile and experience frequent 
problems from nuisance growths of algae and 
aquatic weeds. Of these eight fertile lakes, two- 
Barton Pond and West Bend Pond-also contain 
high levels of the chloride and sodium ions indica- 
tive of pollution, and three lakes-Ellen, Little 
Cedar, and Mauthe-contain high levels of coli- 
form counts, as indicated in Table 72. 

COLIFORM COUNTS FOR THE 
MAJCR LAKES I N  THE 

MILWAUKEE R I V E R  WATERSHED 
SUPYER 1968 

The relatively high phosphate concentration in 
excess of the threshold level of 0.035 mg/l in 
eight of the 2 1  major lakes, together with the 
summer depletion of oxygen in the hypolimnion of 
the stratified lakes, the winter depletion of oxygen 
in unstratified lakes under an ice cover, and the 
frequent occurrence of large growths of algae and 
aquatic weeds, indicates that many of the lakes in 
the Milwaukee River watershed are  in a relatively 
advanced state of eutrophication. Dieldrin, DDT, 
and other pesticide residue analyses have been 
conducted on various lakes and streams through- 
out the Southeastern Wisconsin Region; however, SOURCE- W ISCONS I N  DEPARTMENT OF VATURAL 
no lakes within the Milwaukee River watershed RESOURCES* 

TABLE 7 3  

LAKES 

BCRTCN POND* * * * * 
ElG C E C A R * o * . * . . * * . .  
C R C O K E C * * * * * . . * * * * * .  
E L L E N * * . * . * . * - * * * * . *  
F IFTEEN.* . , * . * . . . - . .  
F C R E S T * . * , * . * . * * . * . -  
G R E E h . * o t - . - r * * r r r * -  
K E T T L E  M O R A I N E * . - * * -  
L E T T L E  CEDAR*.  r 

LCNGIOI...........** 
L U C A S * * * * o - * . . - * * * - -  
MUD (FCNC DU L A C 1  .*. 
YUC I O Z A U K E E ) * . * * * * .  
H P U T H E * o . w * . * * o * * * * *  
R A N G G M * - * . * * . * * * * * * ,  
S I L V E R * . * * * * . * * - * - * *  
S C I T H * . . . * . . . * . r o * * .  
S P R I N G . - - . . . o . - r . * * .  
T W E L V E * . * . . . * * . * - * * -  
W I L L A C E . . - . * * * * * * - * -  
MEST BEND POND..o*.*  

NITROGEN AND PHCSPHORUS CCNCENTRATIONS 
I N  THE MAJOR LAKES 

OF THE MILWAUKEE R IVER WATERSHED- 1968 ( M G / L )  

TOTAL C O L i F O R M  
( M F C C / l C O M L I  

NO DATA 
< L C 0  

4 C O  
2 1 C O  
< l o 0  

NO DATA 
4 C O  
6 C O  

7 2 C O  
9 C O  

NO DATA 
NO DATA 
NO DATA 

1 9 C O  
3 C O  
1 C O  

NO DATA 
NO DATA 

2 C 0  
1 C O  

NO DATA 

SOURCE- WISCONSIN OEPARTMENT OF NATURAL RESOURCES. 

LAKE 

CRCOKEO............. 
ELLEN............... 
FIFTEEN (AUBURN).... 
GREEN............... 
KETTLE MORAINE...... 
LONG................ 
LUCAS............... 
MU0 (OZAUKEE)....... 
RANDOM.............. 
SILVER.............. 
SPRING.............. 
SMITH............... 
WALLACE............. 
BARTON POND......... 
BIG CEDAR........... 
FOREST.............. 
L ITTLE CEDAR........ 
MAUTHE.............. 
MU0 (FOND OU LAC)... 
TWELVE.............. 
WEST BEND POND...... 

SUMMER 

EPILIMNION HYPOL IMNION 

NITRATE 
NITROGEN 

0.05 
0.03 
0.24 
0.05 
0.02 
0.01 
0.03 
0.10 
0.02 
0.01 
0.01 
0.08 
0.04 
0.05 
0.02 
0.01 
0.01 
0.08 
C.06 
0.14 
0.12 

NITRATE 
NITROGEN 

-- 
-- -- -- 
-- -- -- 
-- 
-- 
-- -- -- -- -- 
-- 
-- 
- - 
-- -- 
-- 
-- 

SPRING 

PHOSPHORUS PHOSPHORUS 

TOTAL 

0.13 
0.01 
0.08 
0.07 
0.05 
0.19 
0.05 
0.08 
0.01 
0.10 
0.03 
0.12 
0.07 
0.42 
0.50 
0.12 
0.58 
0.15 
0.23 
0.12 
0.28 

NITRATE 
NITROGEN 

0.13 
0.28 
0.30 -- 
-- 

0 - 1 3  
0.22 
0.28 
0.01 

C0.01 
0.09 

CO.01 -- -- 
0.01 -- 
0.10 
0.09 
0.16 
0.50 -- 

TOTAL 

0.15 
0.80 
0.06 
0.66 
0.12 
0.48 
0.08 
0.22 
0.17 
0.10 
0.03 
0.06 
0.08 
1.18 
0.56 
0.14 
0.52 
0.36 
0.18 
0.13 
0.73 

DISSOLVED 

0.02 
0.01 

<0.01 
<0.01 

0.01 
0.03 
0.02 
0.03 
0.01 
0.03 

<O.Ol 
c0.01 
<0.01 

0.50 
0.39 
0.12 
0.36 
0.04 
0.10 
0.05 
0.22 

OIMOLVEO 

0.04 
1.50 
0.01 
0.33 
0.12 
0.28 
0.04 
0.05 
0.01 
0.10 
0.01 
0.00 
0.04 
0.54 
0.75 
0.12 
0.50 
0.13 
0.08 
0.11 
0.53 

PHOSPHORUS - 
TOTAL 

0.16 
0.99 
0.05 
0.34 
0.16 
0.11 
0.08 -- 
0.06 
0.07 
0.10 -- 
0.08 
1.40 
0.64 
0.17 
0.52 
2.30 -- 
0.18 
0.80 

- 

OISSOLVEO 

0.17 
0.09 
0.06 
0.04 
0.16 
0.12 
0.03 -- 
0.03 
0.03 
0.08 -- 
0.06 
0.52 
0.93 
0.13 
0.32 
2.00 -- 
0.11 
0.65 



were investigated. For the Region as  a whole, 
average concentrations of DDT and dieldrin in 
whole fish are  1.702 mg/l and 0.017 mg/l, respec- 
t i ~ e l y ? ~  relatively high with respect to recom- 
mended ~ r i t e r i a . 3 ~  

Figure 48 illustrates a comparison between dis- 
solved and total phosphates in the major lakes. 
No positive correlation seems to exist between 
the amount of total phosphates and the percentage 
of dissolved phosphates in the water. Phosphates 
may be contributed to lakes from three principal 
sources, two of which are  related to human activi- 
ties in the tributary watershed; agricultural and 
urban storm water runoff, and sewage effluent; 
and one of which i s  natural, being contributed by 
wildlife and decomposing vegetation. This is illus- 
trated by the fact that Mauthe Lake, which has no 
permanent residential development around it,  has 
the highest total phosphate content of the major 
lakes in the watershed. Random Lake, on the 
other hand, which has a village of the same name 
situated on i t s  western shore, has one of the 
lowest of total phosphate contents and the lowest 
dissolved phosphate content in the watershed. 

LAKE WATER QUALITY PROBLEMS 

The existing water uses of the 21 major lakes 
within the Milwaukee River watershed are  almost 
exclusively related to recreational activities, the 
aquatic life and wildlife that support some of these 
activities, and aesthetic enjoyment. Other water 
uses of lakes, such as  low streamflow augmenta- 
tion and flood retention, may be desirable future 
uses for  some of the lakes but would probably 
remain accessory to the basic recreational uses. 
Waste assimilation use may exist a s  a result of 
accidental o r  illegal waste discharges into a lake, 
although there is no such use presently being made 
of any lake in the watershed by design. The exist- 

34~nformation obtained from the Wisconsin Department of  
~a iura l  Resources ~echnical Bulletin No. 41,' occurrence 
and Significance of DDT and Dieldrin Residues in Wisconsin 
Fish. - 
35To date maximum residual levels for DDT and dieldrin 
content have not been set by any regulatory agency for fish 
used as human food. DDT residues in whole fish samples 
taken from lakes within the Milwaukee River watershed have 
been found to approach or exceed the DDT tolerances estab- 
lished for many other foods. Dieldrin residues in fish sam- 
ples from the lower Milwaukee River were found to be con- 
siderably higher than the dieldrin tolerances established for 
other foods. 

ing recreational water uses of the major lakes are  
listed in Table 74. Although partial-body-contact- 
recreational use is made of all 21 major lakes and 
whole-body-contact recreation, of 18 major lakes, 
this does not imply that the water quality in the 
lakes i s  necessarily suitable for these uses. 

As already noted, future uses of the major lakes 
may be expected to continue to be primarily 
recreational-related, and any other use may be 
expected to be accessory to the basic recreational 
uses and permissible only if compatible with the 
basic recreational use. Acceptable future uses 
of all of the 21 major lakes within the watershed 
will include full-body-contact recreation, preser- 
vation of fish and wildlife, and use for aesthetic 
enjoyment. Uses that a re  generally considered 
undesirable include industrial and cooling water 
use, Livestock watering, irrigation, and waste 
assimilation. 

The major water-associated problems of the lakes 
in the Milwaukee River watershed a r e  generally 
related to health hazards and overfertilization. 
Sanitary problems are indicated by the high coli- 
form concentrations and the high chloride concen- 
trations in a few of the lakes. The high coliform 

levels suggest a water quality unsuitable for whole- 
body-contact recreation; and, in a few lakes, the 
coliform counts a re  high enough that they suggest 
an unsuitable water for all forms of recreational 

Figure 48 
DISSOLVED PHOSPHATES AS A PART OF 

TOTAL PHOSPHATES IN THE MAJOR LAKES 
IN THE MILWAUKEE RIVER WATERSHED 

". 
LAKE - 

Source: Wisconsin Department of Natural Resources. 



TABLE 7 4  

E X I S T I N G  RECREATIONAL WATER USES OF THE MAJOR LAKES 
I N  THE MILWAUKEE R I V E R  WATERSHED- 19t18~3~ 

L A K E  
- 

3-E 
2 -E  
I - P  
2-P 
1-P 
2 -P  
2 - L  
2 -E  
2 -  E 
1-P 
I - P  
1 -P  
1-E 
4 -N  
2 - t  
I - P  
2 - t  
I - P  
2-E 
2 - t  
3-E 

BARTCN PChC....... 
@lG CECAR......... 
CRCCKEC........... 
ELLEh............. 
F I F T E E h i  (AUBURN). .  
FCREST............ 
GREEh............. 
K E T T L E  MORAINE.... 
L I T T L E  CECAR,..... 
LCNG.............. 
LUCAS............. 
WbUTHE............ 
CUC l F C N C  CU L A C ) .  
VUC (OLAUKEEI..... 
RbNCOV............ 
S I L V E R  ............ 
SWlTh............. 
SPRIhG............ 
TWELVE............ 
kALLACE........... 
WEST @END PONE.... 

4-E 
I - P  
2- P  
2-P 
2 - P  
2-P 
1-P 
2-P 
2-P 
I - P  
1-P 
2-P 
3-P  
4-U 
2- P  
1-P 
2-P 
2-P 
2- E  
2-P 
4 -  E  

3-E 
3-P 
2-P 
I - P  
2-P 
3-P 
2-P 
2-P 
2-P 
1-P 
2-P 
2-P 
1-P 
1-P 
2-P 
3-P 
2-P 
1-P 
2-P 
3-P 
3-E 

3-€ 
2 - k  
1 -E  
2-E 
I - P  
2 -E  
2 -E  
2- E  
2-E 
I - E  
1 - P  
i - P  
2-P 
I - P  
2 - E  
2 -E  
I - P  
1-P 
1-P 
2-E 
3-E 

P R E S E R V A T I O Y  AND ENHANCECENT 
OF A O L A T l C  L I F t  AND W I L D L I F E  

OTPE F C L L C W I N G  YUMEER COCE I S  L T l L l L E C  I N  T P I S  T A B L E  TO I Y C I C A T E  E X I S T I h G  R E C R E A T I C N  C U A L I T Y -  
1--I- I G t  
2 - -PECIUM 

C A R S h  
FUR 

BEARERS 

b ~ h ~  FCLLCWING L E T T E R  C O C ~  IS LTILIZED IN T ~ I S  T A B L E  TC  INOICATE T ~ E  CES IREC H E C R ~ A T ~ O N  NEED- 
P- -PRESERVATION 
€ - -ENPANCEPE41 
R - - R E S T R I C T I V E  U S E  
h--CO NOT A L L O k  OR DOES N C T  A P P L Y  

A E S T H t l l L  
L S E S  

R t C R t A T I O N  

SCURCE- W I S C O h i S I N  CEPARTPENT OF N A T U R A L  RESOURCES. 

hATFRFOWL 
R t A R I N G  

use. The source of the high concentrations of coli- 
form bacteria in several of the lakes i s  not known, 
however; and, since coliform bacteria may origi- 
nate from sources other than the human intestinal 

P A R T I A L - B C D Y  CCNTACT 

S P A h h l N G  
AKEAS 

tract, direct evidence of the sanitary hazard is 
not available. A study of the 21  major lakes, 
with emphasis on Big Cedar, Ellen, Little Cedar, 
Long, Random, and Silver, indicated that septic 
tank drainage directly to the lake i s  not a major 
source of high coliform levels. However, since 
the conditions of urban development around 13 of 
the major lakes a re  all similar, i t  would appear 
that sanitary hazards may exist at several of the 
lakes due to the increasing sodium and chloride 
levels, as  well a s  the increasing luxuriant weed 
and algal growths. Increasing recreational use 
of the lakes in the future will further intensify 
any sanitary problems that presently exist unless 
appropriate corrective action i s  taken. On any 
lakes in which a public health hazard i s  suspected, 
a comprehensive sanitary survey will be required 
to identify the major sources of pathogenic organ- 
isms; and these sources will need to be eliminated 
o r  controlled. 

k t O L E - B O D Y  CONTACT 

The other major water quality problem of the 
lakes in the Milwaukee River watershed relates 
to the biological productivity of the lakes. The 
addition of plant nutrients to a body of water 
increases the biological productivity of the water 
over extended periods of time, and this fertiliza- 
tion produces large crops of aquatic weeds and 
organisms which eventually choke out the desira- 
ble forms of aquatic life and reduce the value of 
a body of water for most of the desirable uses, 
such as  recreation. This aging of lakes is a natu- 
ral  process in all surface waters and generally 
requires hundreds of thousands of years to com- 
plete. This process can be greatly accelerated, 
however, by artificial means. 

SPEEC 
B C A T I h L  

The amount of aquatic weeds and organisms pro- 
duced in a lake i s  often limited by the nutrient 
element that i s  present in the limiting concentra- 
tion. Generally, the elements thought to limit 
the fertility of a lake are the nitrogen and phos- 
phorus compounds. The rate of which these plant 
nutrients enter a body of water determines the 
rate of eutrophication. Depending upon the source 

\ K I N  
D I V I h i G  

R O k l h G  
ANC 

C A h O t l N G  S W I P C I N G  F I S H l h b  
k A T t K  
S K I I N G  

W A T F R F C k L  
H L N T I h b  



of the plant nutrients, the fertilization process 
causing eutrophication in a lake may be classi- 
fied as either natural o r  artificial. Nutrients 
derived from rainfall, ground water, and runoff 
from marshes, forests, and other areas are  indi- 
cative of natural eutrophication. Most of the 
lakes in the Milwaukee River watershed receive 
nutrients from all of these natural sources. Nutri- 
ents derived from human activities in the water- 
shed include such sources as  agricultural runoff, 
waste-water effluents, urban runoff, and septic 
tank drainage and are  indicative of cultural eutro- 
phication. While the natural eutrophication of 
a lake takes place in hundreds o r  thousands of 
years, the increased rate of nutrient inflow from 
human activities can render a lake eutrophic in 
only a few decades. 

Most of the lakes in the Milwaukee River water- 
shed are  presently in an advanced eutrophic state, 
as  evidenced by frequent algal blooms; large 
growths of aquatic weeds; dissolved oxygen deple- 
tion in the hypolimnion of the stratified lakes; 
and frequent winter fish kills in the shallow 
lakes. While eutrophication was basically a natu- 
ra l  phenomenon in the past, nutrient inflow result- 
ing from human activities in the watershed has 
increased the rate of eutrophication in recent 
years. The estimated contribution of nutrients 
from the various sources to the 19 major natural 
lakes of the watershed is shown in Table 75. These 
figures indicate that over 90 percent of the phos- 
phorus and 41 percent of the nitrogen presently 
entering the lakes are  derived from man's activi- 
ties in the watershed. The major artificial sources 

T A B L E  75 

E S T I M A T E S  OF N U T R I E h T S  C O N T R I B U T E D  T n  T H E  MAJOR L A K E S  
I N  THE M I L W A U K E E  R I V E R  WATERSHED- 1968 

LAKE 

AUBURN IFIFrEENI...... 

B I G  CEDAR..--.----.... 

CROOKED..---...-...... 

ELLEN-...--.--...--... 

N U T R I t N T  

NITROGEN 
PHOSPHORUS 
NlTROGEN 
PHOSPHORUS 
NITROGEN 
PHOSPHORUS 
NITROGEN 
PHOSPHORUS 

FOREST................ 0 
0 

GREEN-................ 0 
0 

KETTLE MORAINE.... .... 0 
0 

LITTLE CEDAR:... ...... 0 
PHOSPHORUS 0 

LONG.-...-.....-...... 0 
0 ............... LUCAS" 0 
0 

MAUTHE'... .....,...... 0 
0 

MUD (FOND OU LAC 0 
COUNTYI............... 0 
MU0 IOZAUKEE COUNTY I< .  0 

0 
RANOOM'................ 3 0  

2 5 
SILVER....... ......... 0 

0 
SMITH..-----...---.... 0 

0 
SPRING................ 0 

0 ............. ~WELVE".  0 
0 

MALLACE............... 0 
0 

'DOES NOT INCLUOE NUTRIENTS CONTAINEO I N  OUTFLOW FROM CEDAR LAKE. 

SOURCE 

MUNICIPAL 
WASTE 
WATER 

IPERCENT) 

0 
0 
0 
0 
0 
0 
0 
0 

b~~~~ NOT INCLUDE NUTRIENTS CONTAINEO I N  OUTFLOW FROM S I L V E R  LNO HACKEARTH LAKES. 

'DOES NOT INCLUDE NUTRIENTS CONTAINED I N  OUTFLOW FROM LONG LAKE. 

d ~ ~ O ~ ~ ~  WATER INFLOW AN0 OUTFLOW ASSUNEO TO E t  I N  BALANCE. 

eOOES NOT INCLUDE NUTRIENTS CONTAINEO I N  OUTFLOW FROM SPRING LAKE. 

SOURCE- HARZA ENGINEERING COMPANY. 

3 6  
11 
3 5  

9 
3 6  
2 8  
4 9  
1 3  
3 8  

6 
6 6  
1 3  
1 7  

5 
1 3  
1 4  
8 3  
1 9  
3 3  

5 
3 0  
11 
5 0  
1 0  
5 8  
1 8  
1 9  
1 

3 6  
7 

SEPTIC 
TANKS 

(PERCENT) 

1 6  
1 4  
3 7  
4 4  
I 4  
1 4  
3 5  
3 2  

0 
0 
0 
0 

5 2  
1 9  

5 
0 

2 0  
2 
0 
0 

7 1 
2 0  
8 5  
4 2  

0 
0 
8 
I 

1 0  
1 

2 4  
2 
9 
2 
0 
0 
0 
0 

RURAL 
RUNOFF 

(PERCENT) 

2 
2 0 

2 
2 4  

5 
4 3  

2 
1 7  

1 0 0  
1 0 0  
1 0 0  
1 0 0  
1 0 0  
1 0 0  
1 0 0  
1 0 0  
1 0 0  
LOO 
1 0 0  
1 0 0  
1 0 0  
1 0 0  
1 0 0  
1 0 0  
1 0 0  
1 0 0  
1 0 0  
1 0 0  
1 0 0  
LOO 
1 0 0  
I 0 0  
1 0 0  
1 0 0  
1 0 0  
1 0 0  
1 0 0  
1 0 0  

I 1 0 5  
6 2  

1 6 1 1  
1 0 9  

5 1 2 1  
1 1 5  

3 9 4 0  
2 5 0  

8 5 7 1  
8 9 4  
9 4 3  

8 2  
3 7 4 0  

2 2 4  
3 5 2 5  

5 9  
2 3 4 7  

1 8 3  
4 6 4 6  

5 1 0  
3 1 4 0  

1 6 7  
1 3 8 1  

1 2 3  
7 9 7  

4 4  
1 8 7 9  

5 7 5  
I l l 8  

9 7  

MANURED 
LAND 

IPERCENT) 

1 3  
5 7  

3 
I 8  

6 
3 1 

8 
3 8  

URBAN 
RUNOFF 

(PERCENT) 

0 
0 
0 
0 
0 
0 
0 
0 

P R E C I P I T A T I O N  
(PERCENT) 

2 0  
4 

4 1  
1 2  
1 9  
5 

5 0  
1 2  

GROUND 
WATER 

(PERCENT) 

4 9  
5 

1 7  
2 

5 6 
7 
5 
1 

PERCtNT 

1 0 0  
1 0 0  
1 0 0  
1 0 0  
1 0 0  
1 0 0  
LOO 
1 0 0  

TOTAL 

POUNDS 
PER YEAR 

4 3 6 6  
3 3 8  

1 8 1 7 0  
1 0 4 0  
3 8 7 0  

2 6 0  
1 9 6 0  

1 4 3  



in most of the lakes a re  drainage from septic 
tanks and runoff from agricultural lands on which 
artificial fertilizer and manure have been spread 
while the soil is frozen. 

The increase in the nutrient influx in recent years 
has caused similar problems in many of the lakes. 
Prolific growths of aquatic weeds have severely 
limited the use of many of the la-kes for swimming, 
boating, and fishing. Frequent algal blooms have 
greatly decreased the value for some of the lakes 
for swimming and aesthetic enjoyment. Lowering 
of dissolved oxygen levels at various times of the 
year has reduced the game fish population and has 
given r ise  to increased populations of rough fish, 
such as carp and suckers. A more detailed des- 
cription of the specific water quality and related 
problems occurring in each of the major lakes in 
the Milwaukee River watershed i s  presented in the 
individual lake study reports prepared a s  a part 
of the Milwaukee River watershed study but pub- 
lished ~ e p a r a t e l y . ~ ~  

Unless effective water quality management pro- 
grams a re  mounted, the rapid rate of eutrophi- 
cation of the lakes within the watershed may be 
expected to continue; existing water quality prob- 
lems will be intensified; and new problems will 
develop in the lakes presently suitable for rec- 
reational uses. It may be expected that, unless 
appropriate action i s  taken, the number of lakes 
suitable for recreation and aesthetic enjoyment 
will continue to decrease in the future. This 
will, in the face of a rising demand for recrea- 
tion, especially water-based recreation, con- 
stitute a serious problem within the watershed. 

SUMMARY 

This chapter has described surface water quality 
conditions in the Milwaukee River watershed; the 
factors affecting surface water quality, including 
major waste discharges in the watershed; the 
water quality standards and water use objectives 
established by the State of Wisconsin for the 
streams within the watershed; and the existing and 
potential surface water pollution problems in the 
watershed. Eight water quality indicators: dis- 
solved oxygen, biochemical oxygen demand, coli- 

36~ndividual lake use recreation plans for the 21 major lakes 
within the Milwaukee River watershed may be obtained on a 
limited basis from the Southeastern Wisconsin Regional Plan- 
ning Commission and the Wisconsin Department of Natural 
Resources. 

form bacteria, chlorides, nitrogen, phosphorus, 
temperature, and aquatic organisms were investi- 
gated. Three of these-dissolved oxygen, coli- 
form bacteria, and temperature-were selected 
as  the most significant parameters for use in the 
description and evaluation of stream water quality 
in the Milwaukee River watershed because of their 
direct relationship to the state-established water 
quality standards. 

The existing stream water quality data collated 
and the new stream water quality data collected 
under the Milwaukee River watershed study indi- 
cate that, although water quality conditions vary 
greatly from the upper to the lower reaches of the 
watershed, pathogenic contamination and nutrient 
pollution, as  indicated by coliform count and 
phosphorus concentrations, a re  serious problems 
throughout almost all of the watershed. Organic 
pollution, as indicated by dissolved oxygen levels, 
is not yet as  serious a problem in the Milwaukee 
River watershed as  in other watersheds of the 
Region, particularly in the Root and Fox River 
watersheds, but relatively long reaches of the 
Milwaukee River, nevertheless, exist in which 
dissolved oxygen levels drop below the minimum 
levels required to sustain fish life during the 
night-time hours of the summer months. Inor- 
ganic and thermal pollution is not widespread but 
constitutes a constant danger, while aesthetic pol- 
lution is clearly in evidence, particularly in the 
lower reaches of the watershed. 

Water quality conditions do not, considering the 
watershed a s  a whole, meet established standards 
for either the existing water uses o r  for the state- 
established water use objectives. Over 84 miles, 
or  about 85 percent of the total length of the main 
stem of the Milwaukee River from its  source in 
the Town of Osceola, Fond du Lac County, to i ts  
discharge to the Lake Michigan estuary at the 
North Avenue Dam in Milwaukee, presently does 
not meet one or  more of the standards for one or  
more of either the existing water uses o r  the 
state-established water use objectives. The latter 
include the maintenance of a warm-water fishery 
and whole-body-contact-recreational use for all 
s treams in the watershed except Lincoln and 
Indian Creeks and, in addition, industrial and 
cooling water use of the entire main stem of the 
Milwaukee River and of Cedar Creek at Cedar- 
burg. Similarly, over 44 miles, or about 20 per- 
cent of the total' length of the 29 major tributaries 
of the Milwaukee River, do not meet one or more 
of the standards for one or more of either the 



existing water uses o r  the state-established water 1,200 pounds of biochemical oxygen demand per 
use objectives. Stream water pollution, while day, i s  contributed by sewage treatment plants, 
generally widespread throughout the watershed, is and 93 percent by sewer overflows. 
particularly severe below the Milwaukee County 
line; and the Milwaukee River and its tributaries 
in the lower reaches of the watershed may be 
considered to be grossly polluted. Table 76 sum- 
marizes the suitability of existing and probable 
future water quality conditions in the watershed 
for various beneficial water uses. 

Dissolved oxygen levels below 5.0 mg/l occur in 
the following reaches of the Milwaukee River: 
downstream from the West Bend sewage treatment 
plant, in the Newburg impoundment, in the Graf- 
ton impoundments, in the vicinity of CTH C in 
Mequon, in the vicinity of the Brown Deer Road 
in Milwaukee County, and in the impoundment 
upstream from the North Avenue Dam. The Mil- 

Municipal sewage treatment plant discharges a re  waukee River and its major tributaries above 
presently the major cause of water pollution in the Campbellsport generally exhibit higher dissolved 
middle and upper reaches of the Milwaukee River oxygen levels. 
watershed, while sanitary and combined sewer 
overflows are  the major cause in the lower 
reaches of the watershed. Industrial waste dis- 
charges, agricultural and urban runoff, and mal- 
functioning septic tank systems all contribute to 
stream pollution in local areas of the watershed; 
but the overall effect of these sources on stream 
water quality conditions is presently overshad- 
owed by the effects of the municipal waste dis- 
charges and sewer overflows. Almost all of the 
organic waste loading on the stream system above 
the Milwaukee County line, consisting of 1,200 
pounds of biochemical oxygen demand per day, i s  
contributed by municipal sewage treatment plants. 
Approximately 7 percent of the organic waste load- 
ing above the North Avenue Dam, consisting of 

Organic pollution is a major problem in Lincoln 
Creek and in the Milwaukee River downstream 
from the mouth of Lincoln Creek. In this reach 
dissolved oxygen levels in the Milwaukee River 
a re  frequently below 5.0 mg/l, while dissolved 
oxygen levels in Lincoln Creek frequently are 
below 1.0 mg/l, thus rendering both streams 
unsuitable for the maintenance of a warm-water 
fishery. The principal sources of pollution are  
overflows from the combined sewers that serve 
part of the urbanized drainage area tributary to 
these two stream reaches and discharges of 
untreated sewage overflow from the separate 
sanitary sewers that serve the remainder of the 
tributary area. 

TABLE 76 

E X I S T I N G  AND FUTURE S U I T A B I L I T Y  OF WATER QUALITY FOR MAJOR WATER USES 
I N  STREAMS OF THE MILWAUKEE RIVER WATERSHED- 1968 AND 1990 

STREAM 

GRPFTON TO L I N C C L N  CREEK.. U  ( U  U  / S  1 U  S  S  1 S  S  s S 

- 

L I N C C L N  CREEK T C  h C R T H  
AVENUE OAW ................ 
*EST BRANCH ............... 

P R E S E R V A T I O N  
AN0 ENHANCEMENT 
OF A C U A T I C  L I F E  

E A S T  BRAYCH ............... 

I N D U S T R I A L  
AN0 C O O L I h G  
YATER SUPPLY 

U I L Y A U K E E  R I V E R  
h E A C h 8 T E R S  TO WEST BENO... 

E X I S T I N G  

N O R I M  BRANCH .............. 

R E C R E A T I O N  

1 9 9 0  

S I L V E R  CREEK 
ISHEBOYGAN C O U N T V I  ........ 

L I V E S T O C K  
U A T E R I N G  

YHOLE-BODY 
CONTPCT 

E X I S T I N G  

S I L V E R  CREEK 
I U A S H I N G T O N  COUNTY)  ....... 

CEOAR CREEK ................. 

Y I L O L I F E  
Y A T E R I N L  

P A R T I A L - B 0 0 V  
CONTACT 

U 

1 9 9 0  

U  

E X I S T I N G  

S  - S U I T A B L E ~ ~ A T E R ~ C U A L ~ ~ Y  FOR THE S P E C I F I E O  UZE. 
NA - NOT AOECUATE FCR TPE S P E C I F I E D  U S E  FOR REASONS NOT R E L A T E 0  TO YATER Q U A L I T Y ,  SUCH AS I N A O E P U A T E  STREAMFLOY. 
h 0  - NO CATA. 

U  

1 9 9 0  

L I N C O L N  CREEK ............... 

THESE R A T I N G S  I N O I C A T E  WATER Q U A L I T Y  S U I T A B I L I T Y  ONLY A N 0  0 0  NOT CONSIOER OTHER FACTORS SUCH AS Q U A N T I T Y  FOR C O O L I N G  OR 

S  

E X I S T I N G  

U 

1 9 9 0  

NOTE- THE SYMBOLS USEC I N  T H E  T A B L E  REPRESENT THE F O L L O U I N G -  

U  

1 :  
NO NO 

U U  

NO h 0  

s 

U U  

I R R I G A T I O N .  

I R R I G A T I O N  

S  

E X I S T I N G  

SOLRCE- SEURPC. 

E X I S T I N G  E X I S T I N G  

S  

1 9 9 0  

U  

1 9 9 0  1 9 9 C  

S  S  

U  

S  S  5 

U U U U  U  U  U  U  li 



High coliform counts a re  found in major reaches 
of the Milwaukee River. Coliform counts of 
9,500 MFCC/100 ml are found below the Kewas- 
kum sewage treatment plant; 5,000 MFCC/~OO ml 
above the Barton Dam; 19,500 M F C C / ~ O O  ml  in 
the vicinity of the railroad bridge in West Bend; 
5,000 MFCC/100 ml in a reach extending six 
miles downstream from the West Bend sewage 
treatment plant; 22,000 MFCC/~OO ml above 
the Chair Factory Dam; 36,000 MFCC/100 ml  
above the Limekiln Dam in Grafton; 65,000 MFCC/ 
100 ml above the Estabrook Park Dam; 50,000 
MFCC/100 ml downstream from Estabrook Park 
Dam; and 170,000 MFcC/~OO ml  upstream from 
the North Avenue Dam in Milwaukee. Coliform 
concentrations greater than 1,000 MFCC/~OO ml 
throughout the Milwaukee River, Cedar Creek, 
Lincoln Creek, the lower reaches of the North 
Branch, and several small tributaries indicate 
that these streams are  all unsuitable bacterio- 
logically for whole-body-contact-recreational use. 
Coliform concentrations in excess of 5,000 MFCC/ 
100 ml throughout all, o r  most of, Cedar Creek, 
Silver Creek (Sheboygan County), the Adell tribu- 
tary, and Lincoln Creek and for major reaches of 
the Milwaukee River downstream from Kewaskum, 
Fredonia, Saukville, Grafton, Thiensville, and 
Lincoln Creek indicate that the streams of the 
watershed in these areas are bacteriologically 
unsuitable for any recreational use. The principal 
causes of these high coliform levels outside the 
Milwaukee urbanized area are  effluent discharges 
from municipal sewage treatment plants. High 
coliform levels in streams within the Milwaukee 
urbanized area are  principally caused by untreated 
sewage discharges from the combined and sepa- 
ra te  sewer systems serving the area tributary to 
the stream network. 

Although low dissolved oxygen concentrations and 
high coliform counts indicate that organic pollu- 
tion and pathogenic contamination are serious 
problems, the major surface water quality prob- 
lem existing in the Milwaukee River watershed is 
excessive fertilization. This problem affects all 
of the river and its major tributaries. High nutri- 
ent levels, particularly phosphorus, stimulate 
luxuriant growths of algae and aquatic weeds in 
many of the streams and lakes of the watershed. 
These growths of aquatic plants cause large diur- 
nal fluctuations in dissolved oxygen levels and 
create unsightly conditions that serve to destroy 
the aesthetic value of the streams and lakes. 
Minimum dissolved oxygen levels of less than 
4.0 mg/l during the early-morning hours were 

measured at various locations throughout the 
stream system during the period of the watershed 
study. These low levels of dissolved oxygen may 
be attributed primarily to the large growths of 
aquatic plants present in the streams. The major 
sources of phosphorus reaching the streams of the 
watershed are  waste discharges from the munici- 
pal sewage treatment plants, agricultural runoff, 
urban runoff, and overflows from both the com- 
bined and separate systems serving the Milwaukee 
urbanized area. 

Approximately 54 percent of the nutrient loading 
on the stream system above the Milwaukee County 
line is contributed by municipal sewage treatment 
plants; approximately 33 percent by agricultural 
runoff; approximately 7 percent by urban runoff; 
and the remaining 6 percent by all other sources. 
In direct contrast, approximately 18 percent of 
the nutrient loading on the stream system above 
the North Avenue Dam is contributed by municipal 
sewage treatment plant effluent; approximately 
11 percent by agricultural runoff; approximately 
9 percent by urban runoff; approximately 60 per- 
cent from sanitary sewer and combined sewer 
overflows; and the remaining 2 percent from all 
other sources. 

The municipal sewage treatment plants located in 
the watershed above West Bend presently serve 
a connected population of about 3,400 persons and 
discharge treated sewage to the stream at an 
average rate of 1.0 cfs. By the year 1990, these 
plants may be expected to serve a population of 
about 5,100 persons and to discharge treated 
sewage to the upper reaches of the Milwaukee 
River at the ra te  of 1. 8 cfs. The municipal 
sewage treatment plants located within the water- 
shed along the East Branch, the North Branch, 
and Cedar Creek presently serve a connected 
population of about 8,800 persons and discharge 
treated sewage to the streams at the rate of 
2.0 cfs. By 1990 i t  is anticipated that these 
sewage treatment plants will serve a population 
of about 17,000 persons and discharge treated 
sewage at the rate of 4.6 cfs to the receiving 
streams, with more than 15,000 persons being 
served by the plants at Jackson and Cedarburg. 
The municipal sewage treatment plants located 
within the watershed between West Bend and the 
Grafton Dam presently serve a connected popula- 
tion of about 17,530 persons and discharge treated 
sewage to the river at an average rate of 2.9 cf s. 
By 1990 these plants may be expected to serve 
a population of about 29,000 persons and discharge 



treated sewage at a ra te  of 8.7 cfs. This increase 
in sewage effluent may be expected to reduce the 
dissolved oxygen content of the river to less than 
5.0 mg/l for a distance of at least 10 miles down- 
stream from the West Bend sewage treatment 
plant. Municipal sewage treatment plants located 
within the watershed between the Grafton Dam 
and Lincoln Creek presently serve a connected 
population of about 8,400 persons and discharge 
treated sewage to the stream at an average rate 
of 1.5 cfs. By 1990 these plants may be expected 
to serve a population of about 14,000 persons and 
discharge treated sewage to the stream at an 
average ra te  of 3.4 cfs. The reach of the Mil- 
waukee River below i ts  confluence with Lincoln 
Creek does not receive direct discharges from 
sewage treatment plants, since the sanitary sew- 
e r s  serving the area are  all connected to the 
Milwaukee metropolitan system. Dissolved oxy- 
gen levels, however, may be expected to remain 
at levels below 4.0 mg/l during low-flow periods; 
and the overall quality of the stream water 
may be expected to continue to be very poor 
due to the large waste loading discharged to 
the river annually through the combined and 
sanitary sewer overflows. 

Thus, the connected population served by munici- 
pal sewage treatment plants discharging to the 
Milwaukee River system above the Milwaukee 
County line may be expected to increase from 
about 38,000 persons at the present time to about 
65,000 persons by 1990; and the average ra te  at 
which these plants discharge treated sewage to the 
stream network may be expected to increase from 
the present level of about 7 cfs to almost 19 cfs. 
This increase may be expected to take place even 
though the Mequon area may be connected to the 
Milwaukee metropolitan system by the year 1990. 
About 23 percent of the sustained low flow of 
the Milwaukee River at the Milwaukee County 
line presently consists of sewage treatment plant 
effluent, and this proportion may be expected to 
increase to 44 percent by the year 1990. 

If adequate disinfection of the effluent from all of 
the municipal sewage treatment plants in the 
watershed is provided, the streams of the water- 
shed outside Milwaukee County may be expected 
to be bacteriologically suitable for all recrea- 
tional uses. Within Milwaukee County, however, 
the streams may be expected to remain unsuitable 
for any water-based recreational uses because of 
the pollutional effects of the untreated sewage 
overflows from both the separate and combined 
sewer systems serving this area of the watershed. 

The major surface water quality problem through- 
out the watershed may be expected to continue to 
be excessive fertilization, with i ts  associated 
algae and weed growths. These growths may be 
expected to limit the use of all of the surface 
waters below West Bend for recreational use and 
aesthetic enjoyment. In addition, over 20 percent 
of the total length of the main stem of the Mil- 
waukee River may be expected to have dissolved 
oxygen levels below those required for the main- 
tenance of a warm-water fishery. Even if 85 per- 
cent phosphorus removal is provided at all of the 
existing municipal sewage treatment plants in the 
watershed, the total amount of phosphorus dis- 
charged to the surface waters of the Milwaukee 
River watershed upstream from the Milwaukee 
County line by 1990 would remain a t  approxi- 
mately the same amount as is presently entering 
these surface waters and causing luxuriant aquatic 
plant growths. 

Application of the stream water quality model, as 
described in Chapter XI1 of this volume, to eval- 
uate the effectiveness of alternative pollution 
abatement measures indicates that there a re  three 
measures that could be used to obtain stream 
water quality levels suitable for the water use 
objectives and standards established for the Mil- 
waukee River watershed. These measures are: 
1) the provision of higher levels of treatment for 
major waste discharges in the watershed, includ- 
ing nutrient removal; 2) the elimination of waste 
discharge to streams within the watershed; and 3) 
the provision of clean water to dilute waste dis- 
charges during periods of low, natur a1 streamflow. 
Several combinations of these measures will be 
evaluated in the plan design process in terms of 
the resultant improvements in water quality. 

With respect to lake water quality, the study 
found that several of the lakes of the Milwaukee 
River watershed, including Little Cedar, Mauthe, 
Mud (Fond du Lac County), Random, Smith, and 
Twelve Lakes, are  in an advanced state of 
eutrophication, as indicated by high phosphorus 
contents, low dissolved oxygen contents, and 
excessive growths of algae and aquatic weeds. 
Coliform levels and concentrations of ions indica- 
tive of pollution were found to be high in some 
of the lakes of the watershed, including Ellen 
and Little Cedar, and are  indicative of a sani- 
tary hazard resulting from domestic sewage dis- 
charges from urban-type residential land use 
development around the lakes. High pesticide 
levels already exist in the surface waters of the 
watershed and may become a serious problem, 



adversely affecting the maintenance of a healthy 
environment for  fish and wildlife in the water- 
shed and full recreational enjoyment of the sur-  
face waters. 

Existing and future water uses of the major lakes 
in the Milwaukee River watershed a r e ,  and may 
be expected to remain, exclusively related to 
recreational activities. Present  water quality 
problems include public health hazards and over- 
fertilization. The existence of a sanitary hazard 
resulting from septic tank discharges to Little 
Cedar and Ellen Lakes has been shown, and other 
lakes a r e  suspected of constituting a public health 
hazard for  the same reason. Overfertilization has 
occurred in most of the lakes in the watershed, 

with the resul t  that nuisance growths of algae and 
aquatic weeds have interfered with use of the lakes 
for  recreational activities. The primary cause of 
this overfertilization i s  the plant nutrients being 
supplied to the lakes from natural sources and, 
more importantly, from human activities in the 
watershed. Future water quality problems in the 
lakes may be expected to be s imilar  to the exist- 
ing problem, but more intensive and widespread, 
especially on those lakes where intensive urbani- 
zation i s  occurring in the tributary drainage area.  
Unless appropriate action i s  taken, the number of 
lakes suitable for  various types of recreational 
activities may be expected to continue to decrease 
in the future from 18 at  the present time to 11 
in 1990. 
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Chapter X 

GROUND WATER QUALITY AND POLLUTION 

INTRODUCTION 

The natural environment of the watershed has 
been, to date, a far more important determinant 
of ground water quality than have the effects of 
human activities within the watershed. The ground 
water resources, in contrast to the surface water 
resources, a re  not as readily subject to contami- 
nation from urban and rural  runoff and waste 
discharges. As indicated in Chapter IV of this 
volume, three major aquifers underlie the Mil- 
waukee River watershed. In order from land 
surface downward, they are: 1) the sand and 
gravel deposits in the glacial drift; 2) the shallow 
dolomite strata in the underlying bedrock; and 
3) the deeper sandstone, dolomite, siltstone, and 
shale strata. Because of their relative nearness 
to the land surface and because of their inter- 
connection, the f i rs t  two aquifers a re  commonly 
referred to collectively as  the "shallow aquifer , I r  

while the latter is referred to a s  the "deep aqui- 
fer." The aquifers a re  normally supplied with 
water from zones known a s  recharge areas. The 
shallow aquifers in the Milwaukee River water- 
shed are  recharged locally by direct rainfall or  
by stream o r  lake water entering the ground 
through recharge areas of porous soil o r  rock 
directly overlying the aquifer. The deep aquifer 
i s  recharged by stream o r  lake water o r  direct 
rainfall entering the ground through recharge 
areas lying west of the watershed where the 
Maquoketa shale, which separates the deep aquifer 
from the shallow aquifer, i s  absent and flowing 
through the porous rock to the deeper reaches of 
the earth's crust. 

GROUND WATER QUALITY 

Source of Dissolved Constituents 
The amount and kind of dissolved minerals in 
ground water differ greatly throughout the water- 
shed and depend upon such factors a s  the amount 
and type of organic material in the soil; the solu- 
bility of rock over o r  through which the water 
moves; the length of time the ground water is in 
contact with the soil and rock; and the temperature 
and pressure of the water. Some kinds of rock 
contain highly soluble minerals, and ground water 
passing through o r  over such rock will become 

highly mineralized. Other kinds of rock, however, 
consist of relatively insoluble minerals which 
impart relatively small amounts of mineralization 
to ground water. 

A water analysis i s  a statement of the chemical 
composition of a water solution. The chemical 
substances in solution a re  reported as ion concen- 
trations in milligrams per liter (mg/l). Positive 
ions, or cations, that a r e  commonly determined 
during analysis are: iron, manganese, calcium, 
magnesium, sodium, and potassium. Negative 
ions, or anions, that a re  determined are: bicar- 
bonate, carbonate, sulfate, chloride, fluoride, 
nitrate, and nitrite. Other substances, chemical 
characteristics, o r  physical properties commonly 
reported in water analyses are: silica, dissolved 
solids, hardness, alkalinity, hydrogen ion con- 
centration (pH), and temperature. The principal 
sources of these substances, as  present in ground 
water, a r e  summarized in Table 77. For a more 
complete discussion of these chemical substances 
and properties, see  SEWRPC Technical Report 
No. 4, Water Quality and Flow of Streams in 
Southeastern Wisconsin, 1966. 

Chemical Quality of Ground Water 
Related to Water Use 
The term "water quality, a s  used in this chapter, 
refers  to the chemical characteristics of ground 
water rather than to i ts  physical, biological, 
or  bacteriological characteristics. The chemical 
substances in ground water result from ground 
water interaction with solids, liquids, and gases 
in the environment. 

The chemical quality of ground water in the Mil- 
waukee River basin is generally good, and the 
water is suitable for most uses. High concentra- 
tions of certain dissolved substances, however, 
a re  present in the deeper parts of the dolomite 
and sandstone aquifers in the eastern part  of the 
watershed and may limit the use of the ground 
water from these aquifers for some purposes. 

The natural chemical and physical characteristics 
of the ground water supplies a re  extremely 
important to domestic, municipal, and industrial 
water users. The presence of some substances in 



T A E L E  77 

SOURCE OF D ISSOLVEO M I N E R A L  CONSTITUENTS AND PROPERTIES  OF WATER 

SOURCE- U o S -  GEOLOGICAL SURVEY* 

268 

CONSTITUENT OR PROPERTY 

S I L I C A  ( S I O 2 ) * - * - * * * * * - - * * * o * * * * * 0 * 0 *  

I R O N  ( F E I - * * - * - * * * - * * * * - - * * * * o * - * - - ~ ~  

CANGANESE ( M N I - * * * o * - - * * * * * * - o o t * * * * *  

C A L C I U M  ( C A I  AND MAGNESIUM t M G ) . - o * * -  

SODIUM I N A )  AND POTASSIUM ( K ) - * o - * o - -  

B ICARBONATE ( H C 0 3 )  AND CARBONATE 
( C 0 3 ) * ~ ~ ~ ~ ~ ~ o o - - * - - ~ * - ~ * * * ~ * ~ ~ ~ - - o *  

SULFATE tS04)*.0----t*.0***0*-*0.***0 

C H L O R I E  C L  

F L U O R I D E  ( F ) * o o * * - o * - * * * - * o * * * o * * * - - o  

N I T R A T E  ( N O 3 ]  AND N I T R I T E  ( N 0 2 ) , * - - - 0  

D I S S O L V E D  SOLIDS***--*****o*o******-- 

HARDNESS AS C A C 0 3 * * * * * * * * * * * * o o * - * * - *  

A L K A L I N I T Y  

HYDROGEN I O N  CONCENTRATION ( P H ) * * - * * *  

SOURCE 

CHEMICAL  BREAKDOWN OF S I L I C A T E  MINERALS 
DURING WEATHERING* 

D I S S O L V E D  FROM P R A C T I C A L L Y  A L L  ROCKS, 
S O I L S ,  WELL CASINGS, P IPES ,  AND STORAGE 
TANK S o  

D I S S O L V E D  FROM S O I L S  AND CLAY MINERALS*  

D ISSOLVEO FROM P R A C T I C A L L Y  A L L  S O I L S  AND 
ROCKS BUT E S P E C I A L L Y  FROM LIMESTONE, 
DOLOMITE, AND GYPSUM* 

D ISSOLVED FROM PRACTICALLY  A L L  TYPES OF 
ROCKS AND S C I L S *  ALSO PRESENT I N  SEA 
WATER* I N D U S T R I A L  WASTES, AND SEWAGE* 

I N T E R A C T I O N  OF D I S S O L V E D  CARBON D I O X I D E  
AND WATER ON CARBONATE ROCKS SUCH AS 
L IMESTCNE AND DOLOMITE*  DECOMPOSITION OF 
ORGANIC MATTER, 

D ISSOLVED FROM ROCKS AND S O I L S  C O N T A I N I N G  
I R O N  SULF IDE ,  GYPSUM, AND OTHER SULFUR 
COMPOUNDS, SULFATE REDUCTION BY BAC- 
T E R I A *  PRESENT I N  SEA WATER, P R E C I P I T A -  
T ION,  AND SOME I N D U S T R I A L  HASTES* 

D ISSOLVED FROM ROCKS AND S O I L S *  P R I N C I -  
P A L  I O N  I N  SEA WATER. PRESENT I N  INDUS-  
T R I A L  L A S T E S  AND SEUAGE- 

D ISSOLVED FROM ROCKS AND S O I L S  C O N T A I N I N G  
F L U O R I D E  BEARING MINERALS-  

FORMED BY  B A C T E R I A L  A C T I O N  I N  S O I L S  AND 
PLANTS. CONCENTRATED I N  PLANT AND ANIMAL  
WASTES* FERT ILZERS,  SEWAGE, AND S E P T I C -  
TANK EFFLUENT, N I T R A T E  I S  ALSO PRESENT 
I N  P R E C I P I T A T I O N *  

C H I E F L Y  INORGANIC M I N E R A L  CONSTITUENTS 
D I S S O L V E D  I N  WATER BUT ALSO INCLUDES 
ORGANIC CONSTITUENTS*  

NEARLY A L L  HARDNESS I S  DUE TO CALCIUM AND 
MAGNESIUM I O N S  I N  WATER THAT ARE D I S -  
SOLVED FROM S O I L S  AND CARBONATE ROCKS* 

CAUSED BY  A L L  N E G A T I V E  I O N S  ( A k I O N S )  
ENTERING I N T O  HYDROLYSIS  REACTIONS*  
THESE ARE C H I E F L Y  BICARBONATE, CARBONATE, 
AND HYDROXIDE* 

CAUSED B Y  THE EXCESS OR D E F I C I E N C Y  OF 
HYDROGEN I O N S  I N  A SOLUTION*  



water may cause problems that limit i ts  use for TABLE 79 
particular purposes. Table 78 indicates the con- 
centrations of substances and properties that limit D R I N K I N G  WATER L I M I T A T I O N S  OF HEAVY 

the use of water for each of 18 major uses. METALS AND OTHER TCXIC CHEKICALS 

Because untreated ground water supplies domestic 
water needs throughout the watershed, it must 
also be safe in i ts  natural condition for human 
consumption. Although safe limits of concentra- 
tions of mineral substances in drinking water are  
difficult to establish because of the wide range 
of tolerance and consumption among individuals, 
the U. S. Public Health Service in 1962 estab- 
lished desirable quality standards for drinking 
water used on interstate common carriers. These 
standards, recommended by the Regional Planning 
Commission, are listed in Table 78. Mandatory 
upper limits for seven additional substances in 
drinking water, as listed in Table 79, have been 
established by the U. S. Public Health Service 
because they are  relatively toxic in very small 
concentrations. In addition, maximum upper limits 
have been established for chromium, cyanide, and 
fluoride, as shown in Table 79, which are higher 
than the desirable standards recommended for 
these substances in Table 78. Many of the wells in 
the watershed are pumping and using water which 
contains some of these substances in concentra- 
tions greater than the recommended limits. The 'NO RECOMMENDED STANDARD. 

percentages of samples exceeding the recom- SOURCE- U.S. PUBLIC HEALTH SERVICE. 

TABLE 78 

CHEMICAL 
CONSTITUENT 

ARSENIC......... 

BARIUM.......... 

CADMIUM......,.. 

CHLORIDE........ 

CHROMIUM........ 

COPPER........,, 

CYANIDES........ 

FLUORIDE........ 

IRON............ 

LEAD............ 

MANGANESE....... 

NITRATE......... 

SELENIUM........ 

SILVER.......... 

SULFATE......... 

WATER Q U A L I T Y  STANDARDS FOR MAJOR WATER USES RECOMMENDED BY THE SEWRPCO 

RECOMMENDED 
L I M I T  
l M G / l )  

0 . 0 1  

a -- 
a -- 

2 5 0 . 0 0  

0 . 0 5  

1 . 0 0  

0 . 0 1  

1 . 5 0  

0 . 3 0  

a -- 

0 . 0 5  

4 5 . 0 0  

a -- 
a -- 

2 5 0 . 0 0  

MAXIMUM 
ALLOHABLE 

I M G / l I  

0 -  0 5  

1 . 0 0  

0 . 0 1  

0 -- 

0 . 0 5  

a -- 

0 . 2 0  

3 . 0 0  

a -- 
0 . 0 5  

0 -- 
4 5 . 0 0  

0 . 0 1  

0 . 0 5  

a -- 

PIPI#ETT.~ 

S I I I C  A..................... 
,RON .......................... .................. I l lMGhHEIE 
CCIO* ,""  I * E i . I  ............ 
CALCIU*.. .................. 
I I I G N T I I U M  .................. 
1001"* ..................... 
81L.LBGNlr6 ................ 
CI(PRCNIT6 .................. 
S"L*.IE ....................... 
ChLOSIET ................... 
f l U O R I O E  .................. 
M l T R l r E  .................... 
M 1 7 1 6 l E  ....................... 
P*CSP*ORUI  ................. 
L".*IOT ....................... 
011 ........................ 
OETERCENTS. ................... 
D I S S O L l E O  S O L I D S  ............-. 
H l l E * E 1 6  ...................... 
. L " l l l l l , , "  ITOTLIL,  ............ 
P *  ......................... 
SPPClFlC COltOUcr.*CE ....... 
COLOR ...................... 
ruaalolrr .................. 
BI(IC)lbMIC.L O I V C I N  oT#$AIID.. 
O I S S C L Y ~ O  OIVCT* ........... 
COllFOs* COUNT ............. 
TEMPEI1.TUO.E I ' I I  ........... 
GmhrE* PULLIT* S T . \ U D ~ R O S  SET 

N U N I C I P I L  
, P U B L ~ L ,  

EXCEVV * I * l * U *  L I H I T S  IH1CW *&YE THE S U F l l  M. I E V F R I I  STL\NOAROI Lee P*T1EMTEO 

IIIII 

*&I 

... 

--- 
--- 
--- --- --- 
--- --- 

5 0 - 2 7 0  
1.7 -- 

--- 
--- 

6.0.9.0 --- 
2 0 - L I O  
I O - ~ ~ O  
--- ---I 

I , D D O  --- 
FORTH I* 

L I  A R a N G I  OF LLMIIING VALUES. 

B I l l l l C  

--- 
0.2 0.2 
. -- 

--- --- 
....-- 

-. --- --- 
--- - - - . - - - - . . . .  --- 
. . - - - -  
--. ...-- -.. - - . . . - - - -  
LO 
10 -- --- 

--- 
~ ~ P O R T  

SUPPLY 

T R S l T E D  

... 

0.3 
0.05 0 . 0  

--- 
-. --- 
--- 
... 

2 5 0  
2111 I . , 
... 

61 --- 
0.0, 

0.5 

ICO 
..- - --- 

LS 
5 ...- 

--- 
1 61 

SLIRPL IELHNICAL 

' r * ~  LI*lIlNG VALUES OF W E  CI(6* ILLL.  P H Y I I C L L .  BIOCHL* ICALI  AN0 BACrLSIOL061C.L P I I I M E T E R S  ARE E X P I E S I C 0  I N  PPR 1 M 6 1 1 1  6 l C E P l  PH. IPLLIFIL CONOUCII ILE.  COLOR. 1URBIOITI. COLIFORN COUNT, .NO TEMPERLTURT- 

' L I * I T S  APPLICIeLE ON11 TO FEED WATER ENTERING 80111.. MOT TO O R I G I N A L  M I T E R  SUPPLY. 

d ~ ~ ~ . a . ~  .I 10 1.N. 

'SURFACE I A 1 E L  SOURCES 8 1 T M t I M  3.0 1HD +.O .NO 0.0 FROM C.0U.D M A T E 8  IOUmCEI. 

'SUIF~CE I A I E R  SOURCES S E T I E E N  +.6 AND 6.1 GROUND %ATE. SMOULO llE NEW. 11.0 T O  I I N L R I I I  0110. l lON OF WELL CASINGS.  I C R T T H I .  &NO PUMPtNC EPUIPHENT. 

IO"I1L6- I l M R P L .  

COOLIN6 

.-- 
0.5 

...... 0.5 

-.. --- 
.-- 

--- 
--- ...... --- 
-.- 
... --- 
--. 
.-- 

--- 
1.000 -- 
5.0-9.0 

--- 
10  

--- 
... 

90 

*axsmu* 

L l Y E I T O C I  
.NO W I I O L I F I  

wartexNc 

-.. --- 
--- --- 
--- 
... --- 
-.. --- 
... 

... 
L.500 

... .-- 

.-. 
--- 
... --- 

7.000 --- 
--- 

5.1)-*.0 --- --- 
--- --- 
... --- --- 

Psanxrrtsrr 

BOILER 

0-LSO 

40  --- 
--- 
--- . - - -  

50' 
200 

....... 

--- 
--- 

80 
-. 
I .0 *  

80 
10 -- 

I .O1 

... 

I I I I I C I T I O N  

... 

... --- 
--. 

... 
--- 
--- 
... 

... 
-.- 

--- 
.-. --- --- 
... 
--- 

... 
--- 

... 
2 ,000  

... 
--- 
... 3.000 

--- 
... 
.-. 

--- 
..- 

varurr.  

BREWING 

50 0.L 

---......... 0.L 

100-100 10 

50-68 

60-100 1.0 

d --- 
--. 

100-1500 --- 
75-130 6.5-1.0 

LO I0  

--- 
............ 

06 I T R E ~ ~ S  

FTTD 

150-250 

10 

--- 
--- - 

. ............... 

I S O '  
100 --- ............... . . . . - - - . . . . . .  

......... 
--- 
--. 

--- 
$0 

8.6" - 
40 
10 

0.2'  

--- 

LIUNOEI I INC 

-.. 
0.2-1.0 

.-. 
0 .2  

.-- 
-.- 
.-- 

... 
--- 
--- 
.-- 
... 
-.- 
-.. .-- 
.-- 
.-- 
... 

-.. 
50 60 

6.0-6-8 
.-- 
-.. 
.-- --- 
--- 
... --- 

a r c o w r m t o  no. 6 U T E ~  

T W N I H G  

... 

2.0 0 .2  

.-. --- 

... 

...... 
--- 
--- 
--- 
--- 
-.. --- 
...... --- 
... 

..- 
5,) L35 

...... 6.0-8.0 

LOO 

...... 10 

--- --- 
..- 

nrit*um oa 

I N O U I T l l l l  

L I I B O N I T E D  
REYERIGTI 

--- 
0.2 0.2 

--- --- 

...... --- 

2 5 0  
2 5 0  1.0 

111 
... 
-.- 
... 
--. 

850 
2 5 0  128 

--- 
LO 

--- 

rn rourtmsrra* P U I L I ~ Y  AND FLOW 

I P L f l l U I T  I N  

250-I00 

5 ---.. . . . .  
..- 

........ 
..................... 

I' 
*O 

...... 
...---...... 

-. 
-.- 

...... 
Lo 

.......... 
P.O* 

5 5 

0 . 0 '  -.....---............ 

P I , ,  

tOO 

L 

... 

0 '  
20 ......... 
.- 

--- 
---...... .... 

..- 

1 

9.61 .............. 
I L 

-- . - . . . . . . . . . . . .  
0.0' 

MLlf9 I W P l l  

D l I R l  INDUSTRY 

-.. 
0.3 

--- 0 . I  

--- 
--- 
LO 10 

--- 
0 

... 
30 

--- 
--- 

... 
L B O  --- 
--. 

0 --- 
--- 
LOO --- 

FOOD 
ClNNllC 

AND F l t l l l M G  

--. 
0.2  

--- 0.2 

...... --- 

...... 

...... 
--- 
--- 
--- 
.-. L.0 

-.. 
15 

.-- --- 
...... 

810 15-LOO 
--- 

...... 
1.5M 

--- 
LO ...... --- 
L --- 

MrsronrcN. 

6000 I P U I P M I N r  

YIIHINC 

... 
0.2 

--- --- 
... 
--. 
--- 

.-- 
-.. 

--. 
2 5 0  

... 1.0 

--- --- 
.-. --- 
--- 

850 10 --- 
--- 
--- 

20  I .0  
--- 
--. 
--- L 

Navrmra ~ p a s .  

INOUIIRI~L 

PROCESS 
M L T E I  I C t N F R 1 L I  

... 
0.2 

O + '  ... --- 
... 
--. 

... 
--. ... 

I S 0  

... 
--- 
... 
.-. 
... 
.-. 
L.0 

150 --- 
... 

5.0-9.0 --- 
50 

2 5 0  L O  

,.OR 
5.000 80 

~ t n l r r  Aar 



mended standards are  shown in Table 80. The 
presence of any of the substances listed in Table 
79 in concentrations exceeding the maximum 
allowable limits constitutes a basis for rejecting 
the water. Fortunately, most of these substances 
a re  r a r e  in ground water and are  not normally 
determined on analyses unless dangerous amounts 
are  suspected. The limits for the other chemical 
substances in drinking water, as listed in Table 
78, a re  only suggested limits because the objec- 
tions to them are  based primarily upon aesthetic 
grounds. At concentrations exceeding the recom- 
mended limits, these substances may impart 
undesirable tastes, colors, o r  odors to the 
drinking water. Water with chemical substances 

exceeding the recommended limits is used for 
drinking in many areas without any apparent 
ill  effects. 

Ground Water Quality by Aquifers 
The results of the chemical analyses of 111 ground 
water samples drawn from 66 wells tapping the 
three aquifers underlying the watershed a re  pre- 
sented in Tables 81, 82, 83, and 84. The analyses 
were made by the Wisconsin State Laboratory of 
Hygiene and the U. S. Geological Survey, and the 
locations of the wells sampled are shown on Map 
48. Several samples are  drawn from the same 
well but at irregular intervals over a period of 
time. The concentrations of chemical substances 

TABLE 80 

PERCENl  OF GROUND HATER SAMPLES I N  THE MILWAUKEE R IVER WATERSHED 
EXCEEDING DRINKING WATER QUALITY  STANDARDS 

LQUIFfR 

ShNO AND GRaVEL. ........ 

TABLE 8 1  

DOLOMIIE.... ............ 
SANOSTONE ............... 
SI(NOST0NE AN0 00LO*ITE. .  

TOTAL........ ........... 

CHEMICAL ANALYSES OF GROUND WATER FROM THE SAND AND GRAVEL AQUIFER 
I N  THE MILWAUKEE K IVEK WATERSHED' 

NUMBER 

OF 

SAMPLES 

L4 

DEPTH O t  

L O C l T l O N  I F L E I 1  

68 

7 

19 

L O B  

O h T E  OF 
C O L L E C T I O N  

7- 6-66 
3-23-66 

11-  7-56 
5 - 1 0 - * 5  
5- 3-63 

11-78-61 
<- 6-66 
1- 7-66 
4 - L P - 6 1  
3 -14 -52  
8-27-+6 
8- 5-66 
4 -27 -+5  

PERCENT 
OF IINPLLS 
EXCEEDING 
I T L N D I R O  
10.3 ~ 6 1 1 1 '  

I . L I  

A a U l F r l  

S1NO 1HD GRAVEL ............................... 
DOLO*IlE ...................................... 
SINDSTONE ..................................... 
SANOSTONE AND OCLD8ITE ........................ 
101111 ......................................... 

C I L .  *bGIE. SO- 

:::; I ;::; I :::: 

- 

39.70 

11.12 

73.67 

3 . 5  

M I N I M U M  VEhN 

N A X I P U N  

NUMBER 

OF 

IINPLtl 

12 

'WATER QUlLlTl I T A N O L R D I  S T T  FORTH I N  ILMRPC TECHNICAL L E P O l l  NO. C YLTLR PULLlTI AN0 FLOW OF 171164MS I N  S O U I H E l S T E l H  YISCO*SIN.  NOVCNBER 1966 AN0 THE U.S. PUBLIC HEALTH SCRYICE W I N L I N G  M A I e l  
S V l l l O A L O I  ,962. 

NUNBE* 

OF 

srnmtr  

I 3  

6 2  

I 

I *  

100 

OANALVSES I N  M G l l  E X C E P I  PHI Y I t l C H  I S  I N  U N I T S .  

65 

6 

LT 

L O O  

N O I E -  U N D E R L I N E 0  VALUES EXCEEO I H E  U.S. P U B L I C  HEALTH S E R V I C E  RtCUWNthDArlONS FOR D R I N K I N G  Y l r t R  U U A L I I I .  

SOURCE- U.5- GLOLOClCAL SURVEY. 

PLeLENT 
OF I ~ P L E S  
EICE~O!NC 
IT IN0diP.O 

( 0 . 0 2  *6111° 

8.13 

FLOURID6 

P E R  CENT 
OF II\HPLES 
EXCEEDING 
I r i \NOAIID 
I,., w,1t0 

0.00 

0.00 

0.00 

5.55 

L.00 

L.51 

L6.66 

5 . 8 8  

4.00 

NUWE11 

OF 

IAHPLES 
p----pp---p 

1% 

NUH8111 

OF 

s . w L c s  

5 

31 

2 

1 1  

I L  

63  

8 

LO 

L O 5  

P E l C t N T  
OF IIPPLES 
EXCLEDIIG 
I T I N 0 I ) I O  
I 

.. 

N I r l l l T E  

PER CENT 
OF ILHPLCS 
EXLEEOIMC 
I T I N C I R D  
t.5 m,I,- 

0.00 

0.00 

0.00 

0.00 

(1.00 

.. 

-- 
-. 

-- 

NUMBtK 

CF 

SbMPLtS 

NUfl8111 

CF 

s m P L t s  

I 

I 9  

I 

41 

63 

L9 

101  

PERCENT 
06 SAMPLES 
EXCEEDING 
STANDARD 
I tb 

.. 

H l r R l T C  

PEP. LENT 
OF I l N P L E I  
rxcerolnc 
ITLNOLl lD 

.. 

.- 

-- 
.. 

.. 

.. 

-. 

.. 

-. 

NUSBER 

06 

ILRPLES 

I 

T O ~ A L  

NUMBER 

OF 

s m P L E s  

14 

6 1  

9 

LP 

109 

50 

4 

L6 

I S  

PERCENT 
OF SLMPLES 
r i c r r o r n ~  
STLNOLIID 
I vb 

-- 

SOLIDS 

PER CENT 
OF SIMPLES 
EXCEEDING 
I T A N O l i l D  
t s o o  w,ir 

7.L6 

27.94 

<+.+ 6 

6 3 . L I  

33.01 

-- 
-. 

-- 
.. 

HUHBEII 

OF 

S I N P L E I  

LI 

NUMBER 

OF 

s a w L E s  

L1 

68 

P 

10 

L L L  

68 

P 

PO 

I L L  

PERCENT 
OF SABPLII 
EXCLECINC 
I T I N O I R O  
I P 

-- 

M A R O N C I S  

PER CENT 
OF I I N P L E S  
EXCLEOIWC 
S T l W O 1 R O  

-- 
-- 
-- 
.. 

.- 

-- 
-- 
-- 
-. 

NUH81R 

OF 

I l l P L E S  

,I 

HUIBER 

OF 

s m P L e s  

L 1  

6 2  

B 

16 

PP 

68 

9 

I 0  

1 1 1  

PERCENT 
OF IIHPLII 
EKCIEDING 
ST8NOLIIO 
I250 h G / l l "  

0.00 

I L X h L I W I T I  

PER CENT 
OF SAMPLES 
EXCECOINC 
IVANOLRD 

t P 
-- 
-- 
-- 
-- 
-- 

L5.18 

44.44 

2 5 - 0 0  

I l . 1 1  

NUNBLI 

OF 

ShIPLES 

11 

NUMBER 

OF 

sa*PLes 

5 

2 

1 

B 

43  

P I I C t N t  
OF SAMPLES 
E X C E E O ~ N C  
STaNOAXD 
, 250  MG/L#' 

0.00 

PH 

PER L L N I  
OF SAMPLES 
E X L E ~ O I M G  

::!EIO!':.or 
0.00 

0.00 

0.00 

0.00 

0.00 

be 

P 

20  

111 

0.00 

0 . 0 0  

5 - 0 0  

0.90 



T A B L E  82 

C H E M I C A L  A N A L Y S E S  OF GROUND WATER FROM THE D O L O M I T E  A Q U I F E R  
IN THE MILWAUKEE RIVER WATERSHEDO 

V I L L A G E  OF BROWN DEER 
I C O L F Y I L Y  CREST S U B D l Y l l l O N l  

V I L L A G E  OF BROWN DEER 
l G l l L N I N O L l  SUBOIVISIONI.... 

V l l L l D E  OF BROWN DEER 
IGRELNINOLL IUBOIVISIDNI.... 

C I T Y  OF MEPUON 
<CENTURY E I T I T E 6  I U B I  ....... 

L I T *  OF M P U O N  
ICENTUIIY ESTATES SUB1 ....... 

C I T Y  OF MEPUON 
,CENTURY EIrA716 SUB)  ....... 

CITY OF m o w n  
I L I U R E L  ACRES IUBDIYIS!ONI.. 

C I T Y  OF MEPUON 
LYILLE DU PLRC S U B D I Y I I I O W I .  

M I I Y A U l t E  COUNTY 
IMC COYERN P I P I )  ............ 

NOLTHYAI  WATER COOP 2 ......... 
NORTHYAY WATER LOOP I ......... 
P I I Y L T E  ....................... 
PeIYLTE ....................... 
Y I L L I G E  OF IILNDDH LAKE ........ 
V I L L A G E  OF R l N 0 0 M  LAKE ........ 

VILLAGE OF I . U L V I L L I  ...+...... 
V l L l A G E  OF T H l L N I Y l l l E  

IYIIIACE HEIGHTS SUB, ....... 
CITI OF WEST BEND ............. 
C I T Y  OF YEST BEND ............. 
C I T Y  OF WEST BEND ............. 

0.24 0.01 1 I:" 1 :::1 1 

'"""YO 

C d l -  M I C N L  
' l"" i l U *  
t C A j  CHbl 

81 + L  
54 32 

7 9  3 3  

90 16 

9 2  37 

75 1b 

9C * L  

10 1, 

7 1  16 

100 4 3  
79 36 
83 34 

9 7  I I  
8 ,  3" 

1,s 39 

6 5  +> 
110 38 

93 3 8  

108 10 

68 34 

92  36  
2 5  bZ 
139 3 7  

LLY 37 
7 0  57 
61 43 
L* * P  
19 LZ 
-. -- 
7 15 

6 3  3* 

5 6  $7 

5 I 3  

77 + O  

I 3 6  4 3  

L17 6 8  
7'4 * T  
7 1  49 -- -- -- -- 

LIZ 1, 
L B O  15 
,no 35 
LLI 31 
18" 35 
Lao IS 
130 18 
.... 
rZ 3 7  
71 3 5  
7 0  36 
69 3$ 
68 3% 
ea 3" 

7 2  29 
73 LO 
7 2  60 
6 9  39 
6 8  38 
7 38 
9,  %C 
7 3  +, 
7,. C L  
2 12 
7. 37 

-- -- 
5 1  31  
5 2  29 

30 14 
90 38 

251 &9 

0.20 -- 
:::: I::: 
5.50 -- 

540 -- 
195 301  
47s 384 288 302 

31) -- 
120 110 
595 2 5 0  
595 420 250 210 

IPS 250 
195 I S 0  
110 1 5 6  
310 320 
5 326 103 308 

316 306 
110 306 
307 283 
296 282 

NOTE- UNDERLINED VALUES EXCEED THE U.S.  P U B L I C  H14LTH S E R V I L E  RLCOHULND&TIONI  FOR O l l l N K l N L  WATER UUbLIII. 
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TABLE 84 

CHEMICAL ANALYSES OF GROUND WATER FROM THE SANDSTONE AND DOLOMITE AQUIFERS 
I N  THE HILWAUKEE R IVER WATERSHED" 

SOURCE- U.S. GEOLOGICAL SURVEY. 

in these samples were found to vary somewhat but 
indicated that no significant changes in ground 
water quality took place during the time periods 
represented. The chemical analyses indicate the 
variability in ground water quality within the 
watershed, as well a s  the overall level of quality 
of the ground water. Because knowledge of the 
significance of the water quality indicators is 
basic to any study of ground water resources, the 
major chemical constituents and physical charac- 
teristics of the resources and the significance 
thereof are  discussed below. 

Iron: Because iron is one of the more abundant 
metallic elements of the earth's crust, it is dis- 
solved from nearly all rock and soil. Objection- 
able amounts of iron occur in most ground waters 
and range to more than 7.2 mg/l in parts of the 
watershed. The occurrence of iron appears to be 
unpredictable, and high iron concentrations a re  
found randomly throughout the watershed. An 
important factor, however, appears to be that 
shallow wells yielding objectionable concentra- 
tions of iron often are  located in o r  near swamp 
o r  marsh areas. Iron content may also be exces- 
sive in areas where ground water movement is 
extremely slow. 

Many uses of water a re  adversely affected by high 
iron content. Concentrations higher than about 
0.3 mg/l stain laundry, porcelain, and enamel- 
ware; and iron in water supplies is objection- 
able for food processing, beverage manufacturing, 
dyeing, bleaching, ice manufacturing, and brew- 

ing. High iron concentrations cause an unpleasant, 
bitter taste and favor the growth of iron bacteria. 
When exposed to air for even a short time, iron 
in ground water tends to oxidize and form an 
objectionable reddish-brown precipitate. Iron con- 
centrations in water supplies are recommended 
to not exceed 0.3 mg/l. Tables 81, 82, 83, and 
84 indicate that at least 47 wells exist within the 
watershed which produce water containing iron 
concentrations in excess of this amount. 

Calcium and Magnesium: Calcium and magnesium 
are  contained in both the shallow and deep aquifer 
within the watershed, being dissolved from lime- 
stone, dolomite, and other rock and soil. As 
shown in Tables 81, 82, 83, and 84, calcium con- 
centrations in the ground water range from no 
measurable amounts to 620 mg/l and average 
about 106 mg/l. Magnesium concentrations range 
from no measurable amounts to 62 mg/l and 
average about 37 mg/l. High calcium and mag- 
nesium concentrations, that is, concentrations in 
excess of the standards se t  forth in Table 79, in 
the ground water are the major causes of hard- 
ness and scale-forming properties. Ground water 
containing small concentrations of dissolved cal- 
cium and magnesium, however, is preferable for 
certain industrial processes, including electro- 
plating, tanning, dyeing, and textile manufacturing. 

Sodium: Sodium is a common element contained 
in nearly all soil and rock; and, because most 
sodium salts are  very soluble, all ground water 
will normally contain sodium. Sodium may also 



Map 48 

LOCATION OF U.S. GEOLOGICAL SURVEY GROUND WATER QUALITY 
SAMPLING WELLS IN  THE MILWAUKEE RIVER WATERSHED AND ENVIRONS 

1967 

The 63 public and private water supply wells shown on this map 
were important sources of water samples for chemical analyses 
to determine ground water quality in the Milwaukee River water- 
shed. Chemical analyses were performed on the samples for the 
following constituents of water: iron, calcium, magnesium, sodium, 
bicarbonate, carbonate, sulfate, chloride, flouride, nitrite, ni- 
trate, and dissolved solids. In addition, the properties of water 
known as hardness, alkalinity, and hydrogen ion concentration 
were measured. 

Source: U.S. Geological Survey. 

enter the ground water system through industrial 
and municipal waste discharges containing sodium 
compounds. The sodium concentrations in the 
ground water within the watershed range from no 
measurable amounts to 1,610 mg/l and average 
about 44.6 mg/l, as shown in Tables 81, 82, 
83, and 84. 

No recommended limiting or maximum permis- 
sible concentration of sodium is  established in the 
U. S. Public Health Service Drinking Water Stan- 
dards 1962. Persons with heart, kidney, or cir- 
culatory diseases, how ever, require drinking and 
culinary water that contains little or no sodium. 

More than 50 mg/l sodium and potassium in the 
presence of suspended matter causes foaming, 
which in turn accelerates scale formation and 
corrosion in boilers. Sodium and potassium car- 
bonate in circulating cooling water can cause 
deterioration of wood in cooling towers, and more 
than 65 mg/l of sodium can cause problems in ice 
manufacturing.' Irrigation water high in sodium 
content may be toxic to plants and adversely affect 
soil conditions. 

Bicarbonate and Carbonate: Bicarbonate and car- 
bonate anions in ground water are primarily the 
result of the interaction of carbon dioxide and 
water with calcium and magnesium carbonate 
rocks (limestone and dolomite). Carbonate salts, 
however, are generally insoluble, and, therefore, 
are seldom present in ground water. 

Bicarbonate anions are present in all aquifers in 
the watershed in concentrations that may limit 
water use. The ground water supplies in the 
Milwaukee River watershed are relatively high in 
bicarbonate content, ranging from 105 to 438 mg/l 
and exceeded 300 mg/l in most analyses. The 
presence of the bicarbonate anion in water pro- 
duces alkalinity, which affects the corrosiveness 
of water. Bicarbonates of calcium and magnesium 
decompose in steam boilers and hot-water facili- 
ties to form carbonate scale and release corrosive 
carbon dioxide. Bicarbonate concentrations in 
water have little public health significance. If 
present in large quantities, however, taste is 
affected. 

Sulfate: Sulfate concentrations in ground water 
result primarily from the leaching and oxidation 
of sulfide and sulfate minerals contained in the 
soil and rock of the watershed. Sulfate may also 
enter the ground water system through the per- 
colation of waste discharges from industries that 
use sulfates or sulfuric acid or that produce 
sulfates in their manufacturing processes. Sul- 
fate is also contributed from atmospheric sources 
through precipitation. In the Milwaukee River 
watershed, the concentration of sulfate was found 
to range from 0.4 mg/l to 2,250 mg/l and aver- 
ages about 182.5 mg/l. Concentrations greater 
than 250 mg/l exceed the recommended limiting 
sulfate concentrations for drinking water , impart- 
ing a taste to water and acting as a laxative. 
Sulfate concentrations exceed 250 mg/l in both 
the dolomite and the sandstone aquifers in two 
relatively large areas of the watershed, as shown 
on Maps 51 and 52. The areas of high sulfate con- 



tent in the sandstone aquifer are more extensive 
and contain higher concentrations of sulfate and 
dissolved solids than those of the dolomite aquifer. 

Chloride: The chloride content of ground water 
results primarily from leaching of rock and soil 
minerals. Human activity may also introduce 
chloride to the ground water system through the 
percolation of sewage, water-softening wastes, 
industrial wastes, and runoff of salt applied for 
ice control. In all, the chloride concentration in 
ground water of the watershed is low. As shown 
in Tables 81, 82, 83, and 84, concentrations range 
from less than 1 mg/l to 1,890 mg/l; and over 
71 percent of the water samples had chloride 
concentrations of less than 10 mg/l. Only one of 
the ground water samples tested, as indicated in 
Tables 81, 82, 83, and 84, contained chloride con- 
centrations that were substantially in excess of 
the 250 mg/l recommended for drinking water. 
Chlorides in drinking water in excess of 250 mg/l 
impart an undesirable taste and, if used in indus- 
try, can cause or  increase the normal corrosive 
action of water on boilers, pumps, pipes, and 
other related appurtenances. 

Fluoride: Fluoride compounds are  not naturally 
abundant and occur in relatively small quantities 
within the watershed. The fluoride content of 
ground water within the watershed was found to 
range from no measurable amount to 2.3 mg/l 
in public and private water supplies and to aver- 
age about 0.59 mg/l. In general, the highest 
concentrations of fluoride occur within the Niag- 
a r a  dolomite aquifer in eastern portions of the 
watershed. 

The presence of fluoride in drinking water may be 
either beneficial o r  harmful, depending upon its 
concentration and water consumption. Fluoride in 
drinking water reduces tooth decay when the water 
is consumed during the period of enamel calcifi- 
cation. Fluoride may, however, cause mottling 
of the teeth, depending upon the concentration of 
the fluoride, the amount of the drinking water 
consumed, and the age and susceptibility of the 
individual. The concentration of fluoride recom- 
mended varies with the annual average maximum 
daily a i r  temperature. In southeastern Wisconsin, 
where the annual average maximum daily air tem- 
perature is between 50.0 and 53.7'~, the maximum 
fluoride concentration recommended is 1.7 mg/l. 

Nitrate and Nitrite: Nitrate in ground water is the 
result of decaying organic matter, nitrate com- 

pounds in soil, domestic and municipal sewage, 
fertilizer, or  waste discharges of food and milk 
processing industries. Nitrate is also contributed 
from atmospheric sources through precipitation. 
Analyses of ground water in the Milwaukee River 
watershed indicate that excessive concentrations 
of nitrate are  uncommon. As might be expected, 
shallow wells and springs are  more likely to 
produce water with high nitrate content than a re  
deep wells, due to the relative ease with which the 
shallow aquifers a re  recharged with surface water. 

Drinking water standards established by the U. S. 
Public Health Service1 recommend that the nitrate 
content (as NO3) not exceed 45 mg/l, a s  there 
i s  evidence that higher concentrations may cause 
methemoglobinemia in infants (blue babies). Ni- 
trate in water in concentrations much greater than 
the local average may suggest contamination by 
sewage o r  other organic matter. In concentrations 
less than 45 mg/l, nitrate has no adverse effect 
on most water uses. Within the watershed con- 
centrations of nitrate were found to range from no 
measurable amount to 6.8 mg/l, a s  shown in 
Tables 81, 82, 83, and 84. 

Nitrite is produced by bacteria from soil ammonia. 
Like nitrate, the nitrite content of ground water 
in the Milwaukee River watershed is in relatively 
small quantities when it is present and is not 
considered a threat to public health. In general, 
the shallower wells a re  more likely to produce 
water high in nitrite concentrations. Within the 
watershed concentrations of nitrite (as NO2) were 
found to range from no measurable amount to 
0.42 mg/l, a s  shown in Tables 81, 82, 83, and 84. 

Nitrite is unstable in the presence of oxygen and 
is present in only minute quantities in most 
natural waters. The presence of nitrite in water 
sometimes indicates organic pollution. Nitrite is 
toxic but rarely occurs in large enough concen- 
trations to cause a health hazard. The recom- 
mended limits for nitrite differ widely; and, 
although a generally accepted limiting concentra- 
tion for drinking water is 2 mg/l, more stringent 
limits of a s  low a s  0.1 mg/l have been proposed. 

Dissolved Solids: The dissolved solids content 
of water generally represents the total quantity 
of k i n e r 2  constituents dissolved in the water 
regardless of source. In ground water the source 

' U. S. Public Health Service Drinking Water Standards 1962. 



of dissolved minerals is primarily the rock and 
soil through, and over which, the ground water 
passes. Concentrations of dissolved solids are 
relatively high in ground water supplies of public 
and private utilities in the watershed, ranging 
from 222 mg/l to 6,690 m$/l and averaging about 
586 mg/l. As indicated in Tables 81, 82, 83, and 
84, 23 wells produced water with concentrations 
higher than the recommended limiting concentra- 
tion for drinking water of 500 mg/l. High dis- 
solved solids concentrations are  common to both 
shallow and deep wells within the watershed. Dis- 
solved solids above 500 mg/l from the dolomite 
and sandstone aquifers a r e  mainly attributable to 
high concentrations of sulfate. High concentra- 
tions of sulfate and dissolved solids in the bedrock 
aquifers may be influenced by the geologic struc- 
ture, because areas of high concentrations in 
the bedrock aquifers generally coincide with 
broad synclines o r  downwarps of the sedimentary 
rock formations. 

Hardness: Hardness is a property of water rather 
than a constituent. This property is commonly 
related to the use of soap and the formation of 
boiler scale. Water is considered to be "hardw 
when sodium or  potassium' stearate soaps form 
little suds and lots of insoluble curd, which floats 
upon the water and adheres to sinks and tubs, o r  
when water, upon being heated, forms scales o r  
deposits in boilers, hot-water heaters, and in 
pipes o r  on the cooking surfaces of pots. "Soft" 
water reacts with soap to form much suds and 
little o r  no curd. Upon heating, "softyy water does 
not tend to develop scale. 

Hard ground water is common in the Milwaukee 
River watershed. Maps 49 and 50 indicate the 
geographical distribution of hardness within the 
shallow aquifer and deep aquifer of the watershed, 
respectively. The hardness in some wells within 
the watershed is greater than 500 mg/l, and water 
from public and private water utilities averages 
about 426 mg/l. However, there a re  no water 
utilities serving the communities within the Mil- 
waukee River watershed which treat their raw 
water to remove part of the hardness. Many 
homeowners, both served by private and public 
water supplies, however, operate their own water- 
softening units. Table 85 is useful in the evalua- 
tion of ground water hardness and, in a general 
way, a s  to i t s  suitability for public and domestic 
water supplies. 

HARDNESS OF GROUND WATER FROM 
SHALLOW WELLS IN THE MILWAUKEE RIVER 

WATERSHED 

The ground water in the shallow aquifer underlying the Milwaukee 
River watershed exceeds 500 mg/ l  in only one small area of the 
watershed, namely, in the Town of Fredonia, Ozaukee County, 
and the Town of Sherman, Sheboygan County, along the eastern 
watershed boundary. Most of the shallow wells sampled in the 
watershed yielded hardness concentrations under 4 0 0  mg/l. 

Source: US. Geological Survey. 

Alkalinity: Like hardness, alkalinity is a property 
of water rather than a specific constituent. This 
property involves the ability of water to neutralize 
acid and is due primarily to the presence of 
bicarbonate and carbonate anions. The alkalinity 
of ground water used by public and private utili- 
ties in the Milwaukee River watershed is rela- 
tively high, ranging from 138 mg/l to 320 mg/l 
and averaging about 269 mg/l, a s  shown in Tables 
81, 82, 83, and 84. This level of alkalinity is, 
however, acceptable for most water uses. 



HARDNESS OF GROUND WATER FROM 
DEEP WELLS IN THE MILWAUKEE RIVER 

WATERSHED 

The ground water in the deep sandstone aquifer underlying the 
Milwaukee River watershed exceeds 500 mg/l along the entire 
eastern boundary of the watershed, reaching a maximum concen- 
tration of 1,700 mg/l in the Village of River Hills, Milwaukee 
County. Most of the deep wells sampled in the watershed yielded 
hardness concentrations under 450 mg/l. 

Source: U.S. Geological Survey. 

Hydrogen Ion Concentration: The hydrogen ion 
concentration of water, expressed in pH units, is 
a measure of the relative acidity or basicity and 
depends upon the dissolved substances, both solids 
and gases, contained in the water. A pH of 7.0 
indicates neutrality of a solution; values higher 
than 7.0 denote increasing basicity; and values 
lower than 7.0 indicate increasing acidity. Acids, 
acid-generating salts, and free carbon dioxide 
tend,to lower the pH, while carbonates, bicar- 
bonates, hydroxides, phosphates, silicates, and 
borates tend to raise the pH. 

Within the Milwaukee River watershed, raw water 
supplies used by public and private water utilities 
are generally slightly basic in character. Of the 
samples shown in Tables 81, 82, 83, and 84, 
about 36 peacent of the pH values lie within the 
range 7.2 to 7.4; and the average pH value is 7.3. 
Water treatment, as  provided by the ground water 
utilities serving the watershed, does not remove 
objectionable mineral constituents, as indicated 
by the analyses in Tables 81, 82, 83, and 84. 

Ground Water Analysis by Aquifer 
The analyses in Tables 81, 82, 83, and 84 are 
listed according to aquifer from the shallowest to 
the deepest. The available chemical quality data 
for the shallow sand and gravel and for the deep 
sandstone aquifers were not as uniformly dis- 
tributed over the watershed as were data for the 
shallow dolomite aquifer. The following discus- 
sion of ground water quality in each aquifer 
i s  limited to the occurrence and distribution 
of the chemical substances that limit the use of 
the water. 

The Shallow Sand and Gravel Aquifer   round Water 
Quality: Water from the sand and gravel aquifer is 
generally of good quality (see Table 81) and i s  
suitable for most uses. Bicarbonate concentra- 
tions range between 330 and 384 mg/l; sulfate 
concentrations, between 6 and 84 mg/l; dissolved 
solids concentrations, between 332 and 522 mg/l; 
and hardness, between 300 and 404 mg/l. The 
highest concentration of nitrate (6.8 mg/l) in any 
of the ground water samples was found in a 
sample drawn from a well in the sand and gravel 
aquifer in Section 14, Town 11 North, Range 19 
East, Washington County. Nitrate content, a 
qualitative indicator of organic pollution, however, 
was found to be well below the recommended 
45 mg/l limit for drinking water. The high per- 
meability and shallow depth of the sand and gravel 
aquifer make it more susceptible to pollution than 
the deeper aquifers. 

The Shallow Dolomite Aquifer Ground Water Qual- 
ity: Ground water in the dolomite aquifer i s  also 
generally of good quality in most of the watershed 
but contains high concentrations of sulfate and 
dissolved solids in two areas of the watershed. 
These areas occur along the easterly side of the 
watershed near the Sheboygan-Oz aukee County 
line in the north and near the Ozaukee-Milwaukee 
County line in the south. Map 51 shows the dis- 
tribution of dissolved solids concentrations in the 
dolomite aquifer and outlines the areas of high 



TABLE 85 

U* S I  GEOLOGICAL SURVEY WATER HARDNESS R A T I N G S  

SOURCE- U- S. GEOLOGICAL SURVEY* 

HARDNESS RANGE 
AS C A C 0 3  
( I N  M G / l )  

0 - 6 0  

6 1  - 120 

121  - 180 

MORE THAN 180 

concentration. The highest sulfate and dissolved 
solids concentrations in the northern area were 
610 and 1,240 mg/l, respectively, with both 
occurring in the same well. In the southern area, 
the maximum sulfate and dissolved solids con- 
centrations were 380 and 774 mg/l, respectively. 
These concentrations may be compared to the 
average values for the dolomite aquifer samples 
of 117 mg/l of sulfate and 468 mg/l of dis- 
solved solids. 

Dissolved solids in the aquifer probably in- 
crease with depth, but the available data do not 
consistently support this generalization. The 
inconsistencies may be due to the nonuniform per- 
meability of the aquifer at each well. If so, the 
principal water-producing zones differ in depth 
from well to well and result in varying degrees 
of water dilution in each well. 

D E S I G N A T I O N  

SOFT WATER 

MODERATELY HARD WATER 

HARD WATER 

VERY HARD WATER 

The concentration of iron in ground water samples 
from the dolomite aquifer ranged between no 
measurable amount and 2.88 mg/l, the average 
value being about 0.4 mg/l. The iron exceeded 
0.3 mg/l in most of the samples taken from the 
aquifer in the Milwaukee area of the watershed. 

RE MARKS 

S U I T A B L E  FOR P U B L I C  OR DOMESTIC U S E  
WITHOUT SOFTEN1 NG, 

CAN BE USED FOR P U B L I C  OR DOMESTIC 
USE WITHOUT SOFTENING*  SOFTENING 
MAY BE D E S I R A B L E  T O  REDUCE SOAP 
CONSUMPTI ON AN0 ACCUMULAT I O N  OF 
SCUM ON WATER F I X T U R E S *  

EXCEPT FOR D I R E C T  HUMAN 
CONSUMPTIONI GENERALLY UNSUITABLE 
FOR P U B L I C  OR DOMESTIC USE WITHOUT 
SOFTENING, 

EXCEPT FOR D I R E C T  HUMAN 
CONSUMPTION, R E Q U I R E S  S O F T E N I N G  
FOR ALMOST ALL USES OTHER THAN 
I R R I G A T I O N *  

The Deew Sandstone Aauifer Ground Water Qualitv: 
Ground water from the deep sandstone aquifer is 
generally more highly mineralized thanwater from 
the shallow aquifers. This is particularly true 
along the easterly side of the watershed, where 
the concentrations of dissolved solids in the 
aquifer exceed 1,000 mg/l over a large area. 
Water containing more than 1,000 mg/l of dis- 
solved solids is considered saline. The altitude 
of the top of this saline ground water probably 
increases gradually toward the east but also 
varies considerably in a north-south direction. 

Map 52 shows the approximate distribution of dis- 
solved solids in the sandstone aquifer. The con- 
tours are  based on analyses of water samples from 
the sandstone aquifer and also of composite water 
samples from wells open to both the sandstone and 
the dolomite aquifers. Because ground water in 
the dolomite aquifer in the watershed is rarely 
saline, the saline water in composite samples 
may be attributed primarily to the sandstone 
aquifer. The data generally support this assump- 
tion but are not conclusive. A composite sample 
from a well located in Section 5, Town 8 North, 
Range 22 East, Milwaukee County, contained the 



Map 51 
APPROXIMATE DISTRIBUTION OF DISSOLVED SOLIDS IN THE DOLOMITE AQUIFER 

IN THE MILWAUKEE RIVER WATERSHED 
1967 



Map 52 
APPROXIMATE DISTRIBUTION OF DISSOLVED SOLIDS IN THE SANDSTONE AQUIFER 

IN THE MILWAUKEE RIVER WATERSHED 
1967 

Source: U.S. Geological Survey. 



highest concentrations of sulfate (2,250 mg/l) , 
chloride (1,890 mg/l), sodium (1,610 mg/l), and 
dissolved solids (6,690 mg/l) measured in the 
watershed. This sample was also the only water 
sample from watershed aquifers in which the 
chloride concentration exceeded the 250 mg/l limit 
recommended for drinking water. Data from the 
sandstone aquifer in Sheboygan County east of the 
watershed indicate that chloride is the most abun- 
dant chemical substance present in the ground 
waters of some areas there. High chloride con- 
centrations may be expected to be found beneath 
a more extensive area than the data show. 

The distribution of data for the aquifer permits 
only a general evaluation of their water quality. 
During the drilling of new, deep wells in the 
watershed, water samples should be taken a t  
regular depth intervals to obtain more reliable 
information on the specific source of poor quality 
water in the bedrock aquifer. The quality of the 
ground water supplies of the watershed is, in 
general, superior to the stream water quality. 
Municipal and industrial waste discharges and 
urban and rura l  runoff result in stream contami- 
nation and markedly reduced water quality. 

During periods of base flow (low discharge), 
stream water in most of the watershed is similar 
to water from wells in terms of dissolved mineral 
content. This is to be expected because at base 
flow most of the stream water results from ground 
water seepage. A comparison of the mineraliza- 
tion of ground water, streams at base flow, and 
lakes at selected locations is provided in Figure 
49, Like ground water, stream water at base flow 
can be classified as hard to very hard; and cal- 
cium, magnesium, and bicarbonate comprise most 
of the dissolved constituents. The range of con- 
centrations of dissolved substances, however, is 
often less in surface water than in ground water, 
due to the mixing action of ground water seepage 
into the stream from various sources and the pre- 
cipitation of dissolved minerals in the streams. 

PRESENT AND POTENTIAL GROUND 
WATER POLLUTION 

Ground Water Pollution from the Activities of Man 
Pollution of ground water by wastes from human 
activity is a local problem in the watershed. Man 
generates a great variety of pollutants from 
municipal, industrial, and agricultural wastes. 
Seepage of these wastes into shallow ground water 

Figure 49 

MINERALIZATION OF GROUND WATERS, STREAM WATER 
AT BASE FLOW, AND LAKE WATER IN THE 

MILWAUKEE RIVER WATERSHED 
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Source: U. S. Geological Survey and SE WRPC. 

may occur from many potential sources of ground 
water pollution that exist in the Milwaukee River 
watershed. These include, but are  not restricted 
to, private underground sew age disposal systems 
(septic tanks), refuse dumps, barnyards, cess- 
pools and sewage lagoons, privies and dry wells, 
influent (losing) streams and lakes, industrial 
spillages, and leakage from community sewerage 
systems, all of which a re  more apt to affect the 
shallow aquifer than the deep aquifer. Problems 
involving pollution of ground water generally a re  
much more difficult to solve than problems 
involving surface water, because the hidden paths 
of ground water contaminants cannot be easily 
traced. Other potential forms of ground water 
pollution of both the shallow and deep aquifers 
have not been, and cannot as yet be, fully evalu- 



ated. These include the long-term effects of 
detergents,' insecticides, and herbicides on 
ground water quality. 

Pollutants may enter aquifers by continuous seep- 
age through highly pervious material or by inter- 
mittent seepage during periods of ground water 
recharge. In the Milwaukee River basin, natu- 
ral recharge to shallow aquifers usually occurs 
in the spring of the year. Pollutants may be 
injected directly into unsealed wells, or  they 
can be transferred by wells from the shallow 
aquifer to the deep aquifer. Pollutants can also 
reach the water table rapidly if they enter through 
creviced limestone or dolomite exposed in quar- 
r ies  or  at natural outcroppings. In most cases, 
however, a pollutant seeps down slowly and takes 
days or even months to reach the water table, 
depending on the amount of recharge, the depth to 
the water table, and the character of the overlying 
soil and rock. Once the contaminant enters the 
aquifer, it moves with the ground water; and its 
velocity and direction of travel can be determined 
by the hydraulics of the ground water system. 

From a source of seepage, a pollutant perco- 
lates to the water table, then moves laterally in 
the saturated zone down the hydraulic gradient 
toward a discharge area, which usually is a sur- 
face stream. The velocity at which it moves in 
the subsurface depends upon the permeability of 
the materials and the hydraulic gradient. Ground 
water velocities normally range between five feet 
per day and five feet per year. In uniform mate- 
rials dispersion and dilution of the pollutant should 
occur as it moves toward the discharge area. In 
the sand and gravel and the dolomite aquifers, 
the approximate flow path of a contaminant from 
any site may be determined from the potentio- 
metric surface map (see Map 33). Detailed site 
studies are required to define precise flow paths 
at any locality. 

Map 53 shows a portion of the potentiometric map 
ol the shallow dolomite aquifer in the Milwaukee 
River watershed. Generally, water in an aquifer 

moves at right angles to the potentiometric con- 
tours. Thus, a contaminant starting at point "A," 
for example, will follow a curved path southeast- 
ward to empty into Cedar Creek near Jackson. It 
could enter apumpiug well anywhere along the way. 
A contaminant starting at point "BB" will follow 
a path northwestward to Cedar Creek. Ground 
water usually moves slowly and, in most aquifers, 
only afew inches o r  feet a day. Years may, there- 
fore, elapse before a contaminant moves a single 
mile. The other extreme, however, i s  illustrated 
by a test conducted near Sussex in 1965 by the 
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Waukesha County Health Department, in which 
contaminants moved more than 500 feet per day 
through the creviced bedrock. A condition such 
as this can pose a severe public health problem if 
the contaminated aquifer is used as a source for 
drinking water. Because of the high velocity of 
movement in such creviced rock, harmful bacteria 
or  virus may not remain in the water flow long 
enough to die before ingestion by humans. 

Soils and granular mineral deposits, such as sand, 
silt, and clay, can assimilate and naturally purify 
some waste material through bacterial action, base 
exchange processes, selective absorption, o r  fil- 
tering. Organic wastes often decompose and are  
removed by filtration within relatively short dis- 
tances of their source, whereas soluble minerals, 
synthetic detergents, phenols, and similar sub - 
stances persist. In fissured rocks, such as dolo- 
mite, however, the capacity to assimilate wastes 
may be small because some openings are large 
and transmit unaltered wastes for long distances. 

The glacial deposits overlying the dolomite in 
most of the watershed are  sufficiently thick to 
prevent direct pollution of the dolomite aquifer. 
In the area enclosed by 50-foot saturated thick- 
ness contours (see Map 54), the dolomite crops 
out or is covered only by thin glacial deposits and 
is less protected. Within these areas there is 
potential for pollution of the dolomite aquifer; 
how ever, the thin glacial material is relatively 
impermeable till and moraine deposits, which 
may significantly retard the seepage of pollutants. 

Pumping disrupts the natural pattern of ground 
water movement and diverts water from a large 
area toward the well. Pollutants within the area 
of pumping influence can be induced to flow 
toward, and eventually discharge to, the well. 
The probability of pollution of the well supply is 
high if the well is close to the source of pollution. 
The degree of pollution depends upon the hydraulic 
properties at the site and factors such as the 
type, toxicity, concentration, quantity of pollutant, 
and the duration of i ts  contact with geologic 
environment. At each location, therefore, many 
factors must be determined to evaluate the pol- 
lution hazard. 

Pollution of domestic supply wells by seepage of 
effluent from septic tanks is a relatively common 
occurrence. Pollution generally results from 
spacing wells and septic tanks too closely for the 
existing hydrogeologic conditions. It also is 

aggravated by improperly functioning septic tanks 
and by poorly sealed well casings, which allow 
vertical movement of ground water around the 
casing. Areas in which fissured rocks a re  only 
thinly buried are  particularly susceptible. Pollu- 
tion from septic tank effluent may be avoided o r  
reduced by proper location, design, and construc- 
tion of septic tanks and wells, adequate lot sizes, 
o r  development of community sewage systems and 
public water-supply systems. 

If alternative solutions to the problem of waste 
disposal are  not practical, sites selected for 
waste disposal should be located in thick, rela- 
tively impermeable sediments that have little or  
no water-supply potential. Movement of contami- 
nants in such materials is extremely slow and is 
generally limited to local areas. 

Problem Areas: The pollution of ground water is 
a potential problem in many local areas of the 
Milwaukee River watershed. An increased proba- 
bility of pollution exists in areas where: 

1. Residential land uses are concentrated and 
waste is discharged into septic tank sys- 
tems or  into dry wells and pit privies. 

2. The water supply is obtained from shallow 
wells pumping water from just beneath the 
water table. 

3. The water table is close to the land 
surf ace. 

4. The soil is highly pervious and pollutants 
move readily through the soil. 

5. The aquifer is creviced dolomite bedrock 
that extends to or near the land surface. 

Sanitary surveys of private water supplies have 
not been conducted for any subdivision within the 
Milwaukee River watershed. Moreover, the Wis- 
consin Department of Natural Resources staff can 
recall only isolated cases of well-water pollution 
caused by human activities within the watershed 
and, in particular, only one serious case where 
nitrate concentrations exceeding 80 ppm were 
found due to the proximity of a well to a silo and 
barnyard. The corrective measures which can be 
taken to alleviate such a problem are  to relocate 
the well away from the pollution source o r  to 
deepen the well beyond the area affected by the 
pollution source. As previously indicated, many 
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of the private wells within the lower watershed 
have extremely hard water supplies (see Tables 
81 through 84). 

Map 54 shows the areas of the Milwaukee River 
watershed covered by outwash sand and gravel 
soils and having a water table within 50 feet of the 
land surface. Ground water in these areas may 
be readily subject to pollution because the deposits 
transmit water readily. Water may move at a 
ra te  of up to 10 feet per hour through some of 
these highly permeable soils. Bacteria, virus, 
o r  other infectious agents can be quickly trans- 
ported to drinking water supplies through such 
soils in a time interval so short that very few of 
the microorganisms would die off o r  be filtered 
out. Sanitary surveys have not been conducted in 
these areas, but i t  is known that water from 
similar deposits in Waukesha County is contarni- 
nated and must be disinfected before use. 

Ground Water Pollution from Natural Sources 
Saline ground water is a potential pollutant that 
occurs naturally within the sandstone aquifer 
and to a much lesser extent within the dolo- 
mite aquifer. Lateral movement of saline water 
undoubtedly occurs in these aquifers, particularly 
under the s t ress  of pumping; but i t  is extremely 
slow and difficult to detect. Vertical movement of 
saline water is also very slow, but wells cased in 
both the dolomite and sandstone aquifers allow 
rapid vertical movement of saline ground water 
under certain hydraulic conditions. 

Vertical movement of ground water between the 
dolomite and the sandstone aquifers through the 
confining stratum of the Maquoketa shale occurs 
as  extremely slow seepage through the shale and 
its fracture openings and also through wells open 
to both aquifers. The hydraulic gradient and 
direction of ground water movement between these 
aquifers is downward from the dolomite into the 
sandstone. The downward gradient is maintained 
because the potentiometric surface of the com- 
bined dolomite aquifer and glacial deposits (see 
Map 33) is higher than the potentiometric surface 
of the sandstone aquifer (see Map 32).  Water in 
the dolomite aquifer is generally less mineralized 
than water in the sandstone aquifer; and, as a 
result, no increased mineralization of the sand- 
stone aquifer is anticipated. Heavy pumping of 
the dolomite aquifer, however, can reverse the 
hydraulic gradient between the aquifers and allow 
local upward movement of saline water from the 
sandstone aquifer. The probability of significant 

mineralization of the dolomite aquifer in this 
manner is small and can be reduced by sealing off 
wells where the sandstone aquifer contains highly 
saline water. 

A stream o r  reach of a stream is influent with 
respect to ground water if i t  contributes water to 
the zone of saturation (see Figure 49). The upper 
surface of such a stream stands higher than the 
water table or other piezometric surface of the 
aquifer to which i t  contributes. An effluent stream 
receives water from the zone of saturation. Influ- 
ent and effluent streams are  sometimes simply 
called losing and gaining streams, respectively. 
A stream may, in certain parts, be influent; in 
others, effluent; and in still others, neither losing 
nor gaining because of impervious material in 
i t s  bed. 

Three reaches of perennial streams in the Mil- 
waukee River a re  influent, a s  shown on Map 54. 
Influent streams may pollute adjacent ground 
water supplies if the influent water is polluted. 
The general direction of ground water move- 
ment from these streams can be determined by 
analyses of the piezometric surface (see Map 
33). Heavily pumped wells located near streams 
may induce polluted surface water to move into 
the ground water supply and, eventually, into 
the wells. 

SUMMARY 

The natural hydrologic and geologic environment 
of the watershed has been, to date, a far  more 
important determinant of ground water quality 
than have the effects of human activities within 
the watershed. This situation may be expected to 
continue with respect to the deep aquifer but 
not with respect to the shallow aquifer. Unless 
certain preventive measures are taken, local 
pollution of the shallow aquifer may be expected to 
become a serious problem within the watershed. 
The shallow aquifer, which constitutes the most 
important source of water available to meet 
small, highly dispersed demands, such as  those 
generated by residential development not served 
by public water supply systems, is highly sus- 
ceptible to man-made contamination from septic 
tank sewage disposal systems, urban storm drain- 
age, land fills, and agricultural runoff. Once 
contaminated, the shallow aquifers a re  exceed- 
ingly difficult to reclaim for water supply. For 
this reason alone, any comprehensive watershed 
plan should contain provisions for the prevention 



of potential, and the abatement of existing, ground 
water pollution. Improperly located and con- 
structed septic tank sewage disposal systems 
constitute a particularly serious existing and 
potential source of pollution of the shallow ground 
water supply. 

If protected from pollution, the natural quality of 
the ground water from both the shallow and deep 
aquifers underlying the watershed is adequate to 
meet most domestic, municipal, and industrial 
water supply needs. The ground water of both 
the shallow and deep aquifers is generally good 
throughout the watershed but hard, containing high 
concentrations of calcium, magnesium, and sul- 

fate, among other dissolved solids. The deep 
sandstone aquifer, however, contains saline water 
in localized areas of the eastern portion of the 
watershed which may migrate with increased 
pumpage of the aquifer and thereby contaminate 
other portions of the sandstone aquifer. Other 
important chemical constituents of ground water 
supply include iron, manganese, sodium, bicar- 
bonate, chloride, fluoride, and nitrate. Physi- 
cally, the ground water from both aquifers is 
generally clear and cool. Through the institu- 
tion of good water management projects, as 
well as the institution of good pollution pre- 
vention and abatement programs, the use of this 
extremely important natural resource can be 
assured for future generations. 
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Chapter X 

WATER USE AND SUPPLY 

INTRODUCTION TOTAL WATER USE 

Ground water is presently the principal source of 
domestic, municipal, agricultural, and industrial 
water supply in that part of the Milwaukee River 
watershed located above the Milwaukee County 
line. Below the Milwaukee County line, Lake 
Michigan is the principal source of water within 
the watershed for all of these uses. It is ex- 
tremely important, therefore, that an understand- 
ing of the major existing and potential problems 
of both ground and surface water use and supply 
be developed as a basis for the preparation of a 
comprehensive plan for the physical development 
of the Milwaukee River watershed. 

Although the major water use and supply problems 
within the Milwaukee River watershed a re  asso- 
ciated with urban development, the rural  portions 
of the watershed have special water use and 
management problems associated with agricul- 
tural land use. Poor o r  improper drainage of 
surface floodwaters is a generally widespread and 
persistent problem in the rural  portions of the 
watershed. Other rural  water use and manage- 
ment problems are  specifically related to special 
agricultural practices, such as  irrigation. Any 
comprehensive watershed plan must consider all 
of these rural  and urban water use and manage- 
ment problems, since they not only affect the 
hydraulic and pollution loadings on the river 
system but also the use of land and, hence, 
the overall pattern of development within the 
watershed. 

For convenience, as well as clarity, a discussion 
of only the quantitative aspects of water use and 
supply and of related water use and management 
problems within the watershed is presented in this 
chapter. A discussion of the qualitative aspects 
of water use and supply and of potential problems 
relating to the impairment of water quality, that 
is ,  of surface and ground water pollution, was 
presented in Chapters IX and X, respectively, of 
this volume. 

Approximately 24.4 billion gallons of ground and 
surface water were used in the Milwaukee River 
watershed during calendar year 1967 for all 
domestic, municipal, industrial, and agricultural 
purposes. This is equivalent to an average rate 
of use of 67 million gallons per day (mgd). Of this 
total use, an estimated 17 percent was supplied by 
ground water sources, while an estimated 83 per- 
cent was supplied by surface water sources- 
lakes, streams, and impoundments. About 89 per- 
cent of the water pumped in the basin during 1967, 
averaging about 60 mgd, was used for municipal 
purposes. The remaining 11 percent, averaging 
about 8 mgd, was used by self-supplied industrial, 
commercial, and domestic users and for irriga- 
tion. Water withdrawal by source and type of use 
within the watershed is shown graphically in Fig- 
ure  50. The total quantity of water used in the 
basin averages about 123 gallons per capita per 
day, based upon the estimated 1967 pumpage rate 
of 67 mgd and an estimated 1967 resident water- 
shed population of about 544,000 people. 

Figure 50 
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Significantly, most of the water used in the water- 
shed is ultimately discharged as waste water into 
streams and watercourses and thereby contributes 
to streamflow (see Table 50). In reference to 
Table 50, it should be noted that, although the 
per capita sewage flows generally exceed the per 
capita water use, not all of the water used may, 
in fact, be discharged to the sewer system. For 
example, water used for lawn sprinkling does not 
normally find i t s  way into the sanitary sewer 
system. Any such losses, however, a re  usually 
more than offset by ground and storm water 
infiltration. 

SURFACE WATER USE 

Approximately 2 0. 1 billion gallons of surf ace 
water were withdrawn from Lake Michigan and 
from the streams in the Milwaukee River water- 
shed during calendar year 1967 for domestic, 
municipal, industrial, and agricultural purposes. 
This is equivalent to an average ra te  of use of 
55 mgd. Almost all of this total, about 53 mgd, 
was pumped from Lake Michigan, with the remain- 
der being obtained from inland lakes and streams 
throughout the watershed. The total average per 
capita amount of surface water use within the 
basin averages about 119 gallons per capita per 
day, about 15 percent less than the total average 
per capita amount of ground water use of 142 gal- 
lons per capita per day. The 1967 resident popu- 
lation of the Milwaukee River watershed utilizing 
surface water sources i s  estimated at about 
461,000 persons, o r  85 percent of the total wa- 
tershed population, with almost all of these per- 
sons residing within the Milwaukee County portion 
of the watershed. 

Municipal Surface Water Use 
The greatest amount of surface water is used by 
the municipal public water supply utilities which 

serve almost all of the urban areas of the Mil- 
waukee County portion of the watershed. In 1967 
public water supply systems utilizing surface 
water as  a source of supply served a total com- 
bined area  of 52.23 square miles, or 7.5 percent 
of the total area of the watershed, and, as already 
noted, a total connected population of approxi- 
mately 461,000 people, o r  85 percent of the total 
population of the watershed. Two major publicly 
owned and operated water supply systems in the 
watershed utilize Lake Michigan as  the source of 
supply. These are:  the City of Milwaukee muni- 
cipal water utility, which, within the watershed, 
serves the City of Milwaukee and the Villages of 
Brown Deer and Shorewood, and the North Shore 
water utility, which, within the watershed, serves 
the City of Glendale and the Villages of Fox Point 
and Whitefish Bay. These two municipal utilities 
together provided almost 19.5 billion gallons of 
water to residences and business establishments 
located within the Milwaukee County portion of 
the watershed during 1967. The present muni- 
cipal surface water use for these communities i s  
indicated in Table 86. 

In 1967 the City of Milwaukee municipal water 
utility served a population within the watershed of 
about 428,000 people residing in a 43.32 square- 
mile service area in three different communities 
and was by far  the largest public water supply 
system within the basin in terms of both area and 
population served and in terms of the quantity 
of surface water delivered for domestic, com- 
mercial, and industrial purposes. In 1967 within 
the City of Milwaukee, the municipal water util- 
ity served a population within the watershed of 
400,300 persons living in a 36.86 square-mile 
area,  o r  about 94 percent of the total population 
and 38 percent of the total service area of the 
City of Milwaukee municipal water utility. About 
39 percent of the total annual pumpage of 43.3 bil- 
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lion gallons (16.9 billion gallons) was delivered 
in 1967 to the watershed portion of the total util- 
ity service area. The entire area-4.37 square 
miles-and population-11,600 persons-of the 
Village of Brown Deer i s  served by the City of 
Milwaukee municipal water utility and lies within 
the watershed. In 1967, 342 million gallons of 
water were delivered to this service area. Within 
the Village of Shorewood, which i s  also served by 
the City of Milwaukee municipal water utility, a 
population of about 15,650 persons, o r  94 per- 
cent of the total population of the Village, resided 
within the 1.45 square-mile area of the Village 
lying within the watershed, which area constituted 
91 percent of the total area of the Village. About 
92 percent of the total annual pumpage of 588 mil- 
lion gallons (539 million gallons) delivered to the 
Village of Shorewood in 1967 was delivered to the 
watershed portion of the totalvillage service area. 

The other major water utility operating in the 
Milwaukee County portion of the watershed i s  the 
North Shore municipal water utility which, as  al- 
ready noted, provides water to the City of Glendale 
and to the Villages of Fox Point and Whitefish Bay. 
These three communities in 1957 formed a coop- 
erative contract commission under the provisions 
of Section 66.30 of the Wisconsin Statutes for the 
purpose of providing treated water to the three 
communities. The utility in 1967 served a total 
population within the watershed of 33,610 persons 
residing in an 8.91 square-mile area, o r  about 
87 percent of the total population and 81 percent 
of the total area served by the North Shore muni- 
cipal water utility. About 85 percent of the total 
annual pumpage of 2 billion gallons (1.7 billion gal- 
lons) in 1967 was delivered to the watershed por- 
tion of the total utility service area. Approximately 
3,800 persons residing in a 1.21 square-mile area 
were served by the North Shore municipal water 
utility in the watershed portion of the Village of 
Fox Point. This constitutes about 48 percent of 
the total population and 42 percent of the total 
area of the Village of Fox Point. About 42 percent 
of the total annual pumpage of 337 million gallons 
(142 million gallons) was delivered in 1967 to the 
watershed portion of the Village. Approximately 
12,800 persons residing in a 5.85 square-mile 
area were served by the North Shore municipal 
water utility in the watershed portion of the City 
of Glendale. This constitutes 95 percent of the 
total population and 98 percent of the total area 
of the City of Glendale. About 99 percent of the 
total annual pumpage of 948 million gallons (935 
million gallons) was delivered in 1967 to the wa- 

tershed portion of the City. Approximately 15,650 
persons residing in a 1.85 square-mile area were 
also served by the North Shore municipal water 
utility in the watershed portion of the Village of 
Whitefish Bay. This constitutes about 90 percent 
of the total population and 87 percent of the total 
area of the Village of Whitefish Bay. About 88 per- 
cent of the total annual pumpage of 745 million 
gallons (650 million gallons) was delivered in 1967 
to the watershed portion of the Village. 

Commercial and Industrial Use 
Commercial and industrial firms in the watershed 
used approximately 11.7 billion gallons of munici- 
pally supplied surface water in 1967. This is 
equivalent to an average rate of use of 32 mgd. 
The uses of this water were primarily for cool- 
ing, condensing, air  conditioning, manufacturing 
processes, sanitation, and f i re  protection. Com- 
mercial and industrial f irms located within the 
watershed and within the City of Milwaukee alone 
used 10.7 billion gallons in 1967, o r  91 percent 
of the total municipally supplied surface water 
for commercial and industrial use. Commercial 
f irms in the watershed used 3.4 billion gallons of 
surface water in 1967, or  an equivalent average 
ra te  of use of 9.3 mgd, while industrial firms in 
the watershed used 8.3 billion gallons of surface 
water in 1967, o r  an equivalent average ra te  of 
use of 22.7 mgd. The 11.7 billion gallons of sur- 
face water used for commerce and industry rep- 
resents about 60 percent of the total surface water 
used in the watershed in 1967. The other 40 per- 
cent, or  7.8 billion gallons, was used for resi- 
dential purposes. A graphic summary of water 
use within the Milwaukee River watershed portion 
of the City of Milwaukee from 1940 to 1967 is 
shown in Figure 51. 

Four firms-Line Material Industries in the City 
of West Bend; and A.F. Gallun & Sons Corpora- 
tion; Pfister & Vogel Tanning Company, Inc. ; and 
St. Regis Paper Company, all in the City of Mil- 
waukee-were found to be withdrawing water from 
the Milwaukee River for self-supplied industrial 
use. The total pumpage of river water by these 
four firms in 1967 was approximately 587 mil- 
lion gallons, o r  1.6 mgd. 

GROUND WATER USE 

Approximately 4.3  billion gallons of ground water 
were withdrawn from the aquifers underlying the 
Milwaukee River watershed during calendar year 
1967 for domestic, municipal, industrial, and 



Figure 51 

HISTORICAL TRENDS IN WATER USE 
C l T Y  OF MILWAUKEE~ 

1940 - 1967 

Source: SE WRPC. 

agricultural purposes. This is equivalent to an 
average ra te  of use of 11.8 million gallons per 
day (rngd). Of this total, about 65 percent, o r  
7.7 mgd, was pumped from the shallow dolomite 
aquifer. About 26 percent, o r  3.1 mgd, was 
pumped from the deep sandstone aquifer; and 
about 9 percent, or  1.0 mgd, was pumped from 
the sand and gravel aquifer. Table 87 summa- 
r izes  the 1967 ground water pumpage i n ' t h e  
watershed by community. The total quantity of 
ground water pumped in the basin averages about 

142 gallons per capita per day, based upon the 
estimated 1967 withdrawal rate of 11.8 rngd at an 
estimated 1967 ground water user population of 
82,630, o r  15 percent of the watershed population. 
All but 3,380 of these people live outside Milwau- 
kee County, which, with the exceptions of the Vil- 
lages of Bayside and River Hills, is served chiefly 
by surface water from Lake Michigan. 

Municipal Ground Water Use 
Seven villages and two cities within the water- 
shed but outside Milwaukee County have municipal 
water systems. These systems delivered a total 
of 2.1 billion gallons of ground water to approxi- 
mately 34,020 persons in 1967. The location of 
the wells supplying these municipal systems and 
the aquifers used a re  shown on Map 55. Water 
use by county and by aquifer i s  summarized in 
Table 88. 

Private water supply systems serving isolated 
residential subdivisions served a combined area 
of 1.33 square miles and a total population of 
approximately 2,400 people within the watershed 
in 1967, o r  less than 1 percent of the watershed 
area  and about 0.4 percent of the watershed 
population. These private water supply systems 
a re  listed in Table 89, and the geographic loca- 
tions of the systems are  shown on Map 11. The 
amount of water pumped for the subdivisions is 
not known, as  no accurate records of water use 
a r e  kept by the small utilities. The average per 
capita water use in the areas supplied by these 
systems was estimated at 80 gallons per day and 
the total pumpage in 1967, at 0.19 mgd, o r  70.5 
million gallons per year. All water used by the 
private subdivision water supply systems was 
pumped from ground water sources. 

T A B L E  87 

C U N I C I P A L  GROUND WATER U S E  I N  TPE C I L W A U K E E  R I V E R  k A T E K S H E D -  1967 

VILLAGE OF ADELL......... 
V ILLAGE OF CAMPBELLSPORT. 
C I T Y  OF CECARBURG....... . 

P U N I C I P A L I T V  

VILLAGE OF-FREOON~A;;;;;; 
MILLAGE OF GRAFTON....... 
V ILLAGE OF KEUASKUM...... 
V l L L b G E  OF RANDOM LAKE... 
V ILLAGE OF SAUKVILLE..... 

PRESEYT 
UATERSHEO 

AREA 
SERVE0 
(SQUARE 

M I L E S 1  

C I T Y  CF WEST BENO........ 

UbTERSHEO TOTAL AN0 
LVERAGE 

TOTAL WATER 
PbMPEO IGALLCNSI  

'SINCE SUPPLY SYSTEM M A S  ESTABLISHED.  

b A ~ ~ ~ ~ ~ ~ ~  ESTIMATE NOT AVbILABLE.  

SCURCE- U S .  GEOLOGICAL SURVEY AVO WISCONSIN P W L I C  SERVICE COPMISSION.  

R E S I D E N T I A L  
CONSUMPTION 

IGALLONSI  

MAXIMUM 
CONSUMPTION 

IGALLCNS 
PER CAY!' 

COMMERCIAL 
CONSUMPTION 

IGALLONSI  

ESTlWATEO 
POPULATION 
PRESENTLY 

SERVE0 

INOUSTRIAL 
CONXUMPTICN 

IGALLONSI  

PRESENT 
AVERAGE 

CONSUMPTION 
IGALLCNS 

PER CAY1 

AVERAGE 
PER C A P I T A  

UATER USE 
IGALLCNS 
PER DAY1 

AVERAGE 
PER C A P I T A  
R t S l D E N T l A L  
WATER USE 
IGALLONS 
PER OAVI 



TABLE 88 
MUNICIPAL WELLS, SUBDIVISION WELLS,AND SURFACE WATER 

INTAKES IN THE MILWAUKEE RIVER WATERSHED 
1967 

In 1967 there were 25 municipal wells, 10 subdivision wells, and 
2 surface water intakes in the Milwaukee River watershed which 
supply water to systems serving approximately 497,000 persons, 
or 91 percent of the watershed population. These 37 water sources 
pumped approximately 60 million gallons per day, or 88 percent 
of all the water pumped in the Milwaukee River watershed. Five 
of the.municipal wells are in the sand and gravel aquifer, 16 are 
in the dolomite aquifer, and 4 are in the dolomite and sandstone 
aquifer. The two surface water intakes draw their water from 
Lake Michigan. 

Source: U.S. Geological Survey and SEWRPC. 

Self-Supplied Commercial and Industrial Use 
Wells owned and operated by industrial and com- 
mercial firms in the watershed pumped about 
0.67 billion gallons in 1967. This is equivalent 
to an average ra te  of use of 1.8 mgd. The 
uses of this water were for boiler feed, cooling, 
condensing, air conditioning, manufacturing proc- 
esses, sanitation, and fire protection. Self- 
supplied industrial pumpage in the watershed is 
summarized by county and aquifer in Table 90. 
Industrial water use requirements in Fond du Lac 
and Ozaukee Counties were met by municipal 
supplies. There was no industrial pumpage in the 
Dodge County portion of the watershed in 1967. 

GROUND WATER PUHPAGE I N  THE MILWAUKEE 
RIVER WATERSHEG BY CCUNTY 

BY AQUIFER- 1967 
(THOUSANDS OF GALLONS) 

"1 SHALL QUANTITY OF WATER OBTAINED FROM THE SAND AND GRAVEL 
AQUIFER THROUGH INDIVIDUAL DOUESTIC SUPPLY WELLS I S  INCLUDED. 

b~~~~~~~~ SOME WATER FROM THE DOLOMITE AQUIFER BECAUSE PANY 
DEEP YELLS ARE UNCASEC I N  BOTH AQUIFERS- 

COUNTY 

COCGE-.-a.e 
FOND DU LAC 
HILWAUKEE.. 
GZAUKEE.... 
SHEBCYGAN-. 
WASHINGTON. 

TOTAL 

SOURCE- U. S. GEOLOGICIL SURVEY. 

TOTAL PUMPAGE 

6.643 
236.890 
512.377 

11478s370 
459.726 

114881144 

4.182.150 

AQUIFER 

The major use of ground water by industry and 
commerce within the watershed is for cooling, 
boiler feed, sanitation, and drinking purposes. 
About one-half of the self-supplied commercial 
and industrial ground water use is from the sand- 
stone aquifer, a supply of high reliability and 
dependable quality; and the other half is from the 
dolomite aquifer. The high cost of drilling and 
operating deep wells is probably the major reason 
for the relatively small ground water pumpage 
within the watershed for self-supplied commercial 
and industrial use. Industrial and commercial 
establishments apparently prefer to purchase 
water directly from the municipal water utilities, 
which can provide a more dependable and possibly 
better quality supply through a network of wells 
and require little capital investment by the indus- 
tries. For these reasons, future commercial and 
industrial water use in the Milwaukee River 
watershed may be expected to continue to rely 
primarily on municipal water systems as  the 
principal source of supply. Industrial water use 
is shown by county, by aquifer, and by major 
industrial water user in Table 91. 

SdND AN0 
GRAVEL 

-- -- -- -- -- 
385.357 

3851357 

Self-supplied Domestic and Agricultural Use 
In 1967 private wells provided water to approx- 
imately 48,610 persons, o r  about 9 percent of 
the total population of the watershed residing in 
the 631.49 square miles, o r  91 percent of the 
watershed not served by public water supply sys- 
tems (see Map 11). This domestic water use is 
summarized in Figure 50. The installation of 
modern plumbing facilities and appliances in rural  
homes, coupled with the increasing water require- 
ments of agriculture, has resulted in significant 

O O L O M I T E ~  

6.643 
155rC57 
177.551 
7921279  
4591726  

1 ~ 1 0 2 . 1 8 7  

2.6941C43 

S A N D S T O ~ E ~  

-- 
8 1 ~ 8 3 3  

334,826 
686.091 -- -- 

1 . 1 0 2 ~ 7 5 0  



TABLE 89 

PRESENT GROUND WATER USE BY S U B O I V l S I O N S  HAVING A 
C O O P E R A f I V E  WATER SUPPLY I N  THE MILWAUKEE R IVER WATERSHED- 1967 

a ~ ~ ~ ~ O  ON HOUSE COUNTS MADE ON l * = 4 0 0 '  1 9 6 7  AERIAL PHCTCGRAPHS AN0 ON AN ASSUMEO AVERAGE HOUSEHOLD POPULATION OF 3.8 
PERSONS. 

b a ~ ~ ~ ~  ON AN ASSUMEO CONSUMPTION RATE OF 8 0  GALLONS PER CAPITA PER DAY. 

PRESENT 
AREA 

SERVED 
(SQUARE MILES1 

0.07 
0.13 
0.02 
0.11 
0.16 
0.29 
0.14 
0.20 
0.12 
0.09 

1.33 

SUBCIVISION 

NCRIHWAY.............. 
PELHAM HEATH.......... 
VISTA OEL MAR......... 
BOhNIE LYhN HIGHLANOS. 
CENTURY ESTATES....... 
LAC OU COURS.......... 
LAUREL ACRES.......... 
NCRTH SHORE ESTATES... 
VILLAGE HEIGHTS....... 
V I L L E  OU PARC......... 

TOTAL 

SCURCE- WISCONSIN CEPARTMENT OF NATURAL RESOURCES AN0 SEWRPC. 

TABLE 90 by assuming a 50 gallon per capita per day use 
throughout all of the watershed except the Mil- 

SELF-SUPPLIED I N D U S T R I A L  waukee County and southern Ozaukee County por- 
A N D  COMMERCIAL GRCUNO WATER USE tions of the watershed, where 80 gallons per 

IN THE 'ItWAUKEE WATERSHEC-1967 capita per day wereused. The total pumpage for 
(THOUSANDS OF GALLONS) all such self-supplied domestic users throughout 

PRESENT 
AVERAGE 

CONSUMPTION 
(GALLONS PER DAY) 

81  3 2 0  
3 5 ~ 2 0 0  

8.560 
4 r 0 8 0  

39.840 
14.960 
5 0 ~ 1 6 0  

3.440 
21.040 

7.520 

193.120 

C I V I L  
D I V I S I O N  

VILLAGE OF BAYSIDE 
VILLAGE OF ~ A Y S I O E  
VILLAGE OF BAYSIOE 
CITY OF MEQUON 
VILLAGE OF THIENSVILLE 
C I T Y  OF MEQUON 
VILLAGE OF THIENSVILLE 
C I T Y  OF MEQUON 
VILLAGE OF THIENSVILLE 
C I T Y  OF MEQUON 

"NO SIGNIFICANT QUANTITY OF GROUND YATER MAS hlTHORAYN 
FROM THE SAND AN0 GRAVEL AQUIFER BY INDUSTRIAL AN0 COM- 
MERCIAL WATER USERS. 

COUNTY 

OOOGE-..... 
FCNC OU LAC 
RILYAUKEE.. 
OZAUKEE---. 
SHEBOYGAN.. 
YASHINGrON. 

TOTAL 

SOURCE- U.S. GEOLOGICAL SURVEY. 

ESTIMATED 

PO:U{JL!N 
1 0 4  
4 4 0  
1 0 7  

5 1  
4 9 8  
1 8 7  
6 2 7  

4 3  
2 6 3  

9 4  

2.414 

increases in private rural well-water use in 
recent years. In 1967 private wells provided 
about 1.05 billion gallons of water, o r  the equiva- 
lent of 2.87 mgd to suburban and rura l  homes 
in the watershed. Nearly all of this water was 
supplied by wells tapping the shallow dolomite 
aquifer, with a small amount being supplied by 
wells tapping the sand and gravel aquifer. In addi- 
tion, an estimated 0.41 billion gallons of water, 
or  l . l lmgd ,  were pumped within the watershed 
for livestock watering in 1967 (see Table 92). 

ESTIMATE0 TOTAL 
YATER U S E O ~  
I GALLONS I 

3 1 0 3 6 r 8 0 0  
12,848.000 

3.1241400 
1 ~ 4 8 9 ~ 2 0 0  

1 4 . 5 4 1 ~ 6 0 0  
5,460,400 

18.308.400 
1,255,600 
7 r679 .600  
2 ~ 7 4 4 , 8 0 0  

70 .488r800  

TOTAL PUMPAGE 

-- -- 
4 5 0 r 5 2 0  

2 6 0  
1 8 7 r 0 0 0  

33.493 

671.273 

The amount of water pumped for isolated rural  
homes and for suburban homes not served by 
common subdivision water supply systems is not 
known, as no accurate records of water use a re  
kept for such uses. This water use was estimated 

the watershed in 1967 was estimated at about 
0.007 mgd, or  2. 8 million gallons per year. 

 AQUIFER^ 

Irrigation 
Excluding household lawn watering, approximately 

DOLOMITE 

-- -- 
115.694 

260  
187.000 

33.493 

336.447 

35 million gallons of ground water were used for 
irrigation within the watershed during 1967. Most 
of this water was used by golf courses, ceme- 
taries, and nurseries between the months of May 
and September. Surface water use for lawn wa- 
tering was estimated by assuming that about one- 
third of the residential property owners along the 
main stem of the Milwaukee River and i ts  major 
tributaries tap the surface streams for lawn i r r i -  
gation, pumping at an average rate of 5 gallons 
per minute for one hour per day during 60 days of 
the year. Thus, the total surface water use for 
lawn watering within the watershed was estimated 
at 62 million gallons per year. 

SANDSTONE 

-- -- 
334.826 -- -- -- 
334.826 

Irrigation for agricultural purposes, although still 
a relatively minor use of water in the watershed, 
is becoming increasingly important. Sod, vege- 
tables, and fruit are  the leading crops irrigated; 
and, although such irrigation is not extensively 
practiced within the Milwaukee River watershed, 
the number of acres under irrigation has shown an 
increase in recent years. Agricultural irrigation 
in southeastern Wisconsin is applied during the 



T A B L E  91 

S E L F - S U P P L I E D  I N D U S T R I A L  AND C O M M E R C I A L  GROUND WATER U S E R S  
I N  T H E  M I L W A U K E E  R I V E R  WATERSHED 1967 

"ESTIMATES BASED ON PUHPAGE RATES AND ANNUAL CPERATING T I M E -  

SCURCE- U - S -  G E O L O G I C A L  S U R V E Y -  

WATER U S E  
( T H O U S A N D S  O F  G A L L O N S )  

1 t 179 
3 0 s  000" 

5 t 000" 
242,826 

439961 
92 9 000 
359 554 

260 

1809000" 
7,000" 

2 t 600" 
30~000 "  

893 

671 9273 

C O U N l Y  

M I  L H A U K E E  

O Z A U K E E  

S H E B O Y G A N  

W A S H I N G T O N  

T C T A L  

T A B L E  92 Not all soils within the watershed a re  irrigable. 

I N D U S T R Y  

A -  F-  G A L L U N  & SONS C O R P O R A T I O N  
GOLDEN GUERNSEY CA I R Y  C O - O P E R A T I  VE 
M I L W A U K E E  GEAR COMPANY 
J O S E P H  S C H L I T Z  B R E W I N G  COMPANY 
S Q U A R E  D COMPANY 
A L B E R T  T R O S T E L  & SONS COMPANY 
W E I S E L  & COMPANY 

KREMERS-URBAN I N T E R N A T I O N A L  C O R P O R A T I O N  

FOREMOST C A I R I E S  I N C O R P O R A T E D  
T H E  K R I E R  P R E S E R V I N G  COMPANY 

BADGER L A B O R A T O R I E S t  I N C O R P O R A T E D  
L I B B Y t  MC N E I L L  AND L I B B Y  
S T O L P E R  P L A S T I C S ,  I N C O R P O R A T E D  

GROUND WATER PUMPAGE FOR 
D O M E S T I C  AND L I V E S T O C K  U S E S  

I N  T H E  M I L W A U K E E  R I V E R  W A T E R S H E D - 1 9 6 7  

T O T A L  D A I L Y  
PUMPAGE PUMPAGE PERCENT OF 1 C C U I I Y  1 1 8 1 1 L I O N S  OF G l l l O N I l ~  I H G O I  I TOTAL PUMPEO I 

CCCGE...... 
FCNC 0 U  L A C  
M I L Y I U K E E . .  
OZAUKEE.... 
SHEBOYGAN.. 
UASHINGTCN.  

1 T O T A L  1 1 .456  1 3 .980 100 .0  1 
SOURCE- U.S. G E O L O G I C A L  SURVEY. 

growing season primarily to supplement rainfall 
and to provide protection against frost  damage. 
Supplemental irrigation is also practiced to con- 
trol wind erosion, to increase crop yields, to 
provide earlier maturity of crops, and to produce 
crops of a higher quality. The feasibility of 
establishing agricultural irrigation systems is 
determined by economics, legal consider ations 
associated with the right to use either surface o r  
ground water for irrigation, soil characteristics, 
topography, and the quantity and quality of water 
available for irrigation. 

Some soils, because of their slope, permeability, 
water-holding capacity, or  impaired drainage 
characteristics, cannot be economically irrigated. 
Information obtained from detailed operational 
soils maps of the Milwaukee River watershed 
indicates that approximately 129,000 acres, o r  
about 34 percent of the nonurban area of the 
watershed, are covered by soils having charac- 
teristics that make them potentially irrigable. In 
addition, many poorly drained soils could be irri- 
gated under proper water management practices 
that included agricultural drainage improvements. 
A listing of all of the soil types within the water- 
shed that a re  potentially irrigable can be found in 
SEWRPC Planning Report No. 8, Soils of South- 
eastern Wisconsin, June 1966. 

The water used for irrigation must come from 
either surface water o r  ground water supplies. 
Potential surface water supplies are streamflow, 
lake storage, and on-stream o r  off-stream arti- 
ficial storage reservoirs. Generally, stream- 
flow is the cheapest source of irrigation water; 
but i t  is the least dependable, and the right to 
i ts  use by riparians may be denied if the use 
conflicts with public interests. Such a water 



use conflict is apt to occur since peak irrigation 
demands occur during hot, dry weather and thus 
conflict with recreational water demand and waste 
dilution needs. Natural lakes are  also a potential 
source of irrigation water. The withdrawal of 
water from this source, however, is also subject 
to severe restrictions due to conflicting uses. The 
feasibility of constructing on-stream reservoirs 
is limited in most areas of the watershed by topo- 
graphy. Small-scale off-stream reservoirs may 
provide some potential storage, but most future 
demands for irrigation water will probably have to 
be supplied by ground water withdrawn from the 
shallow aquifer underlying the watershed. 

No known problems exist in the quality of surface 
o r  ground water supplies that would preclude use 
for agricultural irrigation. Ground water , how- 
ever, has the advantage of being f ree  from weed 
seeds and debris, a particularly important con- 
sideration in sprinkler irrigation. Although the 
application of irrigation water may be made 
by sprinkler, surface, or  subsurface irrigation 
systems, the surface o r  subsurface methods of 
application a re  not presently being used in the 
watershed. An estimated 2,000 acres, or  about 
0.5 percent of the total area of the watershed, 
however, a re  presently under sprinkler system 
irrigation.' A forecast of the number of acres 
that may be expected to be under irrigation within 
the watershed by 1990 is difficult to make without 
detailed economic analyses. If the present rate of 
increase in agricultural irrigation is continued, 
however, the number of acres under irrigation by 
1990 could be five times the present a ~ r e a g e . ~  

The total volume of irrigation water applied per 
acre during any one year will vary with the total 
amount of precipitation, the distribution of the 
precipitation, and the type of crops being irri- 
gated. In southeastern Wisconsin four to six 
inches of irrigation water are  applied to most 

' The acreage under sprinkler irrigation was estimated by 
U. S. Soil Conservation Service Work Unit Conservationists 
as the maximum number of acres that could be so irrigated 
with the existing capital investment in irrigation equipment. 
The actual number of acres irrigated in any one year would 
probably be somewhat less than this amount. 

2This value was established by extrapolating to 1990 the 
trends in the amount of land irrigated in southeastern Wis- 
consin as these trends were indicated by data published in 
the U. S. Census of Agriculture for t k  years 1954, 1959, 
and 1964. 

crops in an average year. This is equivalent to 
a demand of approximately 136,000 gallons per 
acre per year and exceeds the average annual 
recharge of the shallow ground water aquifer, 
which i s  estimated to be about two inches, o r  
54,020 gallons per acre per year. 

Drainage 
No permanent well installations have been con- 
structed specifically for draining o r  dewatering 
land. However, drainage ditches and tiled fields 
locally drain some ground water from fields and 
wetlands. The amount of ground water drained in 
this manner cannot be readily determined but may 
be significant. Individual construction projects 
sometimes require temporary local dewatering of 
saturated foundation soils, but the quantity pumped 
for this purpose is not significant. 

Agricultural land drainage in a semi-humid re- 
gion, such as southeastern Wisconsin, may be 
defined as the removal of free water, both from 
the land surface and from the soil of the root zone 
of plants. In modern farming the term is under- 
stood to include the control of the elevation of the 
ground water table within the root zone so as to 
provide the best results in the production of 
crops. The purpose of drainage is to remove all 
free water from the surfsce of cropped fields and 
from the root zone as quickly as practicable after 
i t  accumulates. This is necessary because, if free 
water r i ses  around crop plant roots and stands for 
very long periods of time, it will seriously inter- 
fere with the root growth functions and quickly 
injure and often kill the plants. Agricultural 
drainage of wet soils usually improves the pro- 
ductivity of the soils. This is accomplished 
through improved soil bacterial action, improved 
soil ventilation, and increased plant root zone 
area, all of which together allow the soil to warm 
more quickly. Poorly drained land, moreover, 
does not permit proper timing of tillage operations 
and can hamper harvest operations, resulting in 
lower crop yields. In irrigated areas subsurface 
drainage i s  frequently needed for relief of artesian 
pressure, interception of seepage, and removal 
of alkali conditions from the root zone. 

Visual evidences of inadequate drainage a re  sur- 
face wetness, high water table, weed growth, dark 
soil color, and crop stands of irregular color and 
growth. The factors causing this situation relate 
to the site and can be grouped into three generally 
recognized categories which may exist separately 
or  in various combinations: 



1. Lack of a ravine, valley, or other surface 
depression to serve as a natural open- 
drainage outlet. Sites without such drain- 
age outlets a re  particularly common in 
glaciated areas where geologically young 
drainage systems a re  still in the process 
of development. 

2. Lack of sufficient land slope to establish 
and maintain a free flow of water to an 
open outlet. Areas with flat slopes a re  
found in the irregular and pitted surfaces 
of glaciated land, above constrictions and 
natural barr iers  of entrenched valleyflood- 
plains, o r  above dams. 

3. Insufficient permeability of the soil to per- 
mit ready escape to the ground water 
aquifer of rainfall and runoff trapped in 
innumerable surface depressions or  in the 
soil profile into which i t  has soaked or  
seeped. Many soils have a heavy subsoil, 
rock formation, or compacted (hardpan) 
layers below the ground surface but within 
the normal root zone of many useful plants. 

Impermeable subsurface barriers and lack of sur- 
face ridges often cause local concentrations of 
water in sufficient amounts to aggravate drainage 
problems resulting from other factors. 

Optimum agricultural water management, partic- 
ularly related to the production of truck crops, 
would include both drainage to remove free water 
from the root zone and a timely application of 
water by irrigation to maintain the best possible 
water condition for maximum crop production. 
Such agricultural water management systems a re  
being utilized in several areas of the watershed. 

Farm drainage districts have been organized 
within the Milwaukee River watershed to provide 
landowners and operators with a legal means to 
accomplish satisfactory drainage. Eight such 
drainage districts, covering a combined total area 
of 30 square miles, have been organized within the 
watershed; but only one-the Jackson-Germantown 
Drainage District in the Towns of Germantown and 
Jackson and in the Village of Germantown in Wash- 
ington County-covering an area of 11 square miles, 
remains active under the present state law (Chap- 
ter  88 of the 1965 Wisconsin Statutes). In addition 
to the legally constituted drainage districts, other 
groups of farmowners and operators have accom- 
plished drainage improvements through group 

enterprise ventures; and at least four such group 
ventures presently exist within the watershed. 
Individual fmmers  have also installed drainage 
improvements on individual farmsteads, but no 
public records of either such group or individual 
improvements exist. Map 3 indicates the loca- 
tion of the legally established farm drainage 
districts and of certain other relatively large 
areas within which known agricultural drainage 
improvements have been made. 

Detailed operational soils maps prepared by the 
U. S. Department of Agriculture, Soil Conserva- 
tion Service, in cooperation with the Commission, 
indicate that approximately 124,400 acres, or  
28 percent of the watershed, are  covered by soils 
with restricted natural drainage that could be 
improved for agricultural use by implementing 
good drainage practices. U. S. Soil Conservation 
Service records indicate that drainage improve- 
ments, tile systems, and surface drains have been 
installed on approximately 13,200 acres in the 
w a t e r ~ h e d . ~  Table 93 lists the extent of soils 
with restricted natural drainage that could be 
expected to respond favorably to drainage and the 
acreage of drainage improvement in the watershed 
by county. 

The installation of agricultural drainage improve- 
ments in areas that a r e  not now adequately 
drained may be expected to enhance the agricul- 
tural economic base, as  well as to improve the 
general economic situation within the watershed. 
Improving drainage on lowlands presently in agri- 
cultural use to improve yields generally helps to 
remove the need to farm steeper areas that a re  

3This figure does not include 8,100 acres of agricultural 
land which have been improved for drainage by main channel 
improvements and areas within drainage districts which are 
not actually artificially drained. 

TABLE 9 3  

MILWAUKEE R I V E R  WATERSHED 
WET SCILS 1967 

SOURCE- U-S. S C I L  CONSEKVATIUY SERVICE. 

295 

COUNTY 

DODGE...... 
FOND DU LAC 
MILWAUKEE.. 
OZAUKEE.... 
SHEBOYGIN.. 
WASHINGTON- 

TOTAL 

WATERSHED 
AREA [ACRES) 

2 . 9 8 2  
8 1 , 1 4 9  
3 6 , 4 6 1  
9 6 , 3 4 6  
7 8 . 5 4 7  

1 4 2 . 5 6 6  

4 4 4 . 0 5 1  

WET SOIL 
d<EA IACRESI 

1 , 0 0 0  
2 6 , 5 0 0  
1 2 1 4 0 0  
2 2 , 7 0 0  
2 6 . 2 0 0  
35 .600 

1 2 4 . 4 0 0  

INSTALLED DRAINAGE 
IMPROVEMENTS IACKESI 

-- 
6 0 0  -- 

3 . 0 0 0  
5 0 0  

9 , 1 0 0  

1 3 r 2 0 0  



now intensively cropped and, therefore, serves to 
reduce soil erosion, sedimentation, and stream 
deterioration. It is important to note, however, 
that wetlands, when drained o r  filled, release 
relatively large amounts of bound nutrients, par- 
ticularly nitrogen. Also, when used for agricul- 
ture, a s  much as  two-thirds of the phosphorus 
applied in fertilizers to the drained wetlands may 
leach into adjacent surface waters. Careful moni- 
toring of changing land use patterns within the 
watershed will be necessary to assure continued 
recognition of the need for both prime natural 
wildlife habitat areas and agricultural use areas,  
since both of these rural types of land uses within 
the watershed a re  subject to rapid conversion 
to urban uses. Sound agricultural land use can 
contribute significantly to the scenic beauty of 
the landscape and enhance wildlife habitat, fish- 
ery,  and other needed recreational use oppor- 
tunities fo r  use by residents of the watershed and 
of the Region. 

HISTORIC TRENDS IN WATER USE 

An analysis of historic trends in water use is a 
prerequisite to the preparation of forecasts of 
probable future water use within the watershed. 
Unfortunately, adequate records have not been 

kept by all water users  within the watershed; and, 
therefore, only estimates of past water use can be 
derived from the available data. Reliable records 
of municipal water pumpage a r e  available from 
1940 to the present, although the establishment of 
some of the municipal utilities dates back to 
before the turn of the century. Only estimates a re  
available for all other pumpages. Limited pump- 
age records exist for self-supplied commercial 
and industrial users and for private domestic o r  
agricultural water users. There a re  no records 
of water used for irrigation purposes. It should 
be  noted, however, that, taken together, all non- 
municipal water uses were estimated to be less 
than 10 percent of the total pumpage in 1967 within 
the watershed. Therefore, only municipal pump- 
ages from the year 1940 to the present have 
been tabulated and utilized in preparing forecast 
water use. 

Population growth, increased industrial produc- 
tion, and a rising standard of living have caused 
a significant increase in the per capita use of 
water and of total pumpage within the watershed. 
The increased total and per capita use a r e  sum- 
marized in Table 94 by municipal utility for the 
period 1940 through 1967. Figure 52 shows the 
change in total annual municipal pumpage within 

TABLE 94 

HISTORIC MUNICIPAL WATER U S E  IN THE MILMAUKEE R I V E R  WATERSHED- 1940-1967 

M U N I C I P A L I T Y  

AVERAGE 
PER 

CAPITA 
USE 

I G P O I  

WATER 
C o n s u n E o  
I MGO I 

AVERAGE 

-- 

AVERAGE AVERAGE 

WATER I ESTIMATkO I .if:TA 1 WATER 1 CSTIMATEO 1 1 c o ! % ~ ~ ~ ~ c N  1 CONSUMEC POPULATION CONSUMtO POPULATION INCREASE 
IMGOI SERVEC I G P O I  IMGOI SERVE0 lPGO1 1 1 9 4 0 - 1 9 6 7 1  

" , ~  --.." -.. 
VILLAGE OF AOELL......... 
V ILLAGE OF BROUN OEER.... 
V ILLAGE OF CAMPBELLSPORT. 
C l T Y  OF CEDARBURG........ 
V ILLAGE OF FREOONIA...... 
V ILLAGE OF GRAFTON....... 
V ILLAGE OF KEYASKUM...... 
V ILLAGE OF RANDOM ILAKE... 
V ILLAGE OF SAUKVILLE..... 

'TCE VILLAGE OF BROUN DEER HAS SEUYEO BY GROUMO WATER BETWEEN 1 9 5 R  AN0 1965.  S INCE THAT TIME. I T  HAS PURCHASED U A T t R  FROM THE C l T Y  OF MILWAUKEE MUNICIPAL WATER 
U T I L I T Y .  

SUBTOTAL 0 . 8 6 5  12 .334 7 6  1.745 16 .473 9 7  4.085 37.407 1 0 9  5.734 34 ,020 I 6 9  5 6 3  

'INCREASE 1 9 6 5 - 1 9 6 7 .  

SURFACE WATER 
VILLAGE OF BROWN CEER.... 
V ILLAGE OF FCX POINT..... 
V ILLAGE OF GLENOALE...... 
C l T Y  OF MILUAUKEE........ 
V ILLAGE CF SHOREWCCO..... 
V ILLAGE OF WHITEFISH BAY. 

SUBTOTAL 

TOT4L 

SObRCE- U.S. GEOLOGICAL SURVEY AN0 SEVRPC. 

'NC MUNICIPAL WATER U T I L I T Y  I N  OPEKATION. 

--a 

0.055 
--a 

22.665 
1.138 
0 . 7 0 1  

24.559 

25.424 

-- 
5 7 0  -- 

318,100 
14,3CO 

7.9CO 

3 4 0 . 8 7 0  

353.204 

-- 
9 6  -- 
7 1  
7 9  
8 9  

7 2  

7 2  

--o 

0.143 
-3 

34.315 
1.388 
1.301 

37.147 

38.892 

-- 
1.200 -- 

345.500 
15 ,300 
12 .100 

374,100 

390,573 

-- 
-- 1 1 9  

9 9  
9 0  

1 0 8  

9 9  

9 9  

-..- 
- -* 

0.305 

41.356 
1.435 
1.556 

44 .652 

48.737 

-- 
-- 3.510 

404.540 
15 .180 
17 ,720 

4 4 0 . 9 5 0  

4 7 8 , 3 5 7  

-- 
8 7  -- 

1 0 2  
9 5  
8 8  

1 0 1  

1 0 2  

0.937 
0.389 
2.562 

46 .301 
1.477 
1.781 

53.447 

59.181 

1 1 . 6 0 0  
3.800 

12 ,800 
400.300 

1 5 . 6 5 0  
17.010 

4 6 1 . 1 6 0  

495.180 

8 1  
1 0 2  
ZOO 
I 1 6  

9 4  
LO5 

1 1 6  

1 2 0  

511' 
6 0 7  
2 0 9 (  
1 0 4  

3 0  
1 5 4  

1 1 8  

1 3 3  



the watershed since 1940. Total municipal pump- 
age in 1967 was 2 1. 8 billion gallons, or  more than 
twice the municipal pumpage in 1940. Although all 
other water uses combined have been insignificant 
relative to the total municipal use, such other 
uses totaled about 2. 86 billion gallons in 1967. 
This is, however, only a 4 percent increase over 
the estimated 1940 water use within the watershed 
for all other purposes except municipal. 

Historic Trends in Ground Water Use 
Municipal pumpage comprises, and may be ex- 
pected to continue to comprise, the largest demand 
upon the ground water resources of the watershed. 
The number of persons served by municipal 
ground water systems increased from about 
12,300 in 1940 to about 34,000 in 1967, a 176 
percent increase, while total ground water con- 
sumption increased from 0.31 billion gallons to 
2.09 billion gallons, an almost sixfold increase. 
The average per capita use rose  from about 
76 gallons per day to 169 gallons per day, more 
than doubling over the same period. These esti- 
mates include water furnished to industrial and 
commercial, as well as residential, users ; public 
uses, such as  for street-cleaning and firefighting; 
and distribution losses. Figure 53 shows the 
change in total annual municipal pumpage of 
ground water in the watershed since 1940. 

Ground water pumpage by self-supplied indus- 
trial and commercial users in the watershed has 
increased from 3.3 million gallons per day in 
1935 to 5.0 million gallons per day in 1940 and to 
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TOTAL ANNUAL MUNICIPAL WATER PUMPAGE 
IN THE MILWAUKEE RIVER WATERSHED 
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a peak of 6.8 rngd in 1949 and has declined spo- 
radically from 6.8 rngd in 1949 to 1.8 rngd in 1967. 
This decline is due to a shift from self-supplied 
sources to better quality or  more adequate munic- 
ipal supplies and to the closing of certain large 
self-supplied water use industries. Self-supplied 
industrial and commercial ground water use 
within the watershed but outside Milwaukee County 
totaled only 0.22 billion gallons in 1967, o r  5 per- 
cent of the total ground water pumped in the 
watershed, a demand which has not changed 
appreciably in the past 30 years. Within the Mil- 
waukee County portion of the watershed, however, 
ground water withdrawals for self-supplied com- 
mercial and industrial use have fluctuated since 
1940. Ground water pumpage for these uses rose 
from about 4.4 rngd in 1940 to a peak of more than 
6 rngd in 1949. From 1949 to 1967, such use had 
declined from 6 rngd to 1.2 mgd. Ground water 
withdrawals by self-supplied industrial and com- 
mercial users in the Milwaukee County portion of 
the watershed, however, are  not expected to 
decline much below the 1967 rate of 1.2 mgd. 
This determination is based upon the recent slow- 
ing of the rate of decline of the use of the deep 
aquifer. No pumpage records exist for the other 
ground water uses, such as  private domestic, 
agricultural, and irrigation uses. However, i t  
is estimated that ground water withdrawals for 
self -supplied private domestic, agricultural and 
livest1 zk watering, and irrigation uses total less 
than 4.1 mgd, o r  36 percent of the total ground 
water pumpage within the watershed. Increases 
in pumpage for these uses have been very slow 
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and gradual, and it i s  estimated that they have 
increased from 2.5 rngd in 1940 to 4.1 rngd in 
1967. High-capacity well operators must obtain 
permits from the Wisconsin Department of Natural 
Resources for their use if their well capacity 
is larger than 100,000 gpd (70 gpm). Annual 
pumpage records must also be maintained for 
such wells. No permit is required for smaller 
capacity wells. 

Historic Trends in Surface Water Use 
Municipal pumpage also comprises, and may be 
expected to continue to comprise, the largest 
demand upon Lake Michigan and the surface 
water resources of the watershed. From 1940 
through 1967, the general trend has been toward 
an increasing municipal pumpage of surface water 
for all categories of use and geographic areas 
within the watershed (see Figure 54). Municipal 
water systems using surface water supplies have 
served a steadily increasing number of people 
within the watershed, with the population being 
served increasing from about 341,000 in 1940 to 
about 488,000 in 1967, or  an increase of 43 per- 
cent. Municipal pumpage for all uses increased 
from about 8.9 billion gallons in 1940 to about 
19.5 billion gallons in 1967, more than doubling, 
while the average per capita use rose from about 
72 gpd in 1940 to about 116 gpd in 1967, a 61 per- 
cent increase. 

As already noted, various industrial and com- 
mercial establishments have, since 1940, for 
various reasons, abandoned self-supplied ground 
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water sources and have become customers of the 
municipal water utilities serving the Milwaukee 
County portion of the watershed. Certain large 
processing industries, especially the major brew- 
eries in the City of Milwaukee, greatly increased 
the use of the surface water supply when these 
industries began to use such supply through the 
municipal water utilities. The eventual abandon- 
ment of all private industrial and commercial 
ground water sources in the Milwaukee County 
portion of the watershed and the conversion to the 
use of municipally supplied Lake Michigan water 
can be anticipated. 

The use of surface water for self-supplied domes- 
tic and livestock watering purposes is minimal 
and totaled only an estimated 0. 001 rngd in 1967. 
The use of surface water for irrigation totaled 
only about 0.17 rngd in 1967, most of which was 
used by farmers having Wisconsin Department of 
Natural Resources permits to withdraw water 
from rivers and creeks for irrigation purposes. 
Permits for domestic irrigation uses, such as 
lawn and garden watering, a re  not required, nor 
a re  pumpage records maintained. The legal rami- 
fications of using surface water for irrigation 
purposes a re  discussed in detail in Chapter XV of 
this volume. 

FORECAST OF FUTURE WATER USE 

By the plan design year of 1990, the resident 
population of the Milwaukee River watershed may 
be expected to total about 678,000 persons, an 
increase of about 134,000 persons over the 1967 
watershed population level (see Chapter VII, Vol- 
ume 1, of this report). Total water use from 
all sources of supply may be expected to increase 
with this increase in population by more than 
51 percent, from 67 rngd in 1967 to 103 rngd 
by 1990. The estimated 1990 water use by cate- 
gory of use is summarized in Table 95. Almost 
90 percent of the total water use may be expected 
to be public municipal, sanitary district, and 
subdivision supply, while the self-supplied indus- 
trial, commercial, domestic, and agricultural 
uses together may be expected to account for 
the remaining 10 percent of water use. Of this 
10 percent, about one-half of the use may be 
expected to be for self-supplied industrial, com- 
mercial, and domestic uses, while the remainder 
may be expected to be for agricultural uses, pri- 
marily irrigation. The municipal use of water by 
1990 may thus be expected to be by far  the most 
important use of water in the basin, totaling 
approximately 92 million gallons per day. 



TABLE 9 5  

FORECAST GROUND AN0 SURFACE WATER CONSUMPTION 
I N  THE MILHAUKEE R I V E R  WATERSHED BY TYPE OF USE- L 9 9 0  

O T b I S  FORECAST ASSUMES THAT M L N I C I P A L  WATER U T I L I T I E S  WILL NOT BE ESTABLISHED 
FOR T F E  FOLLOWING URBAN AREAS- C I T Y  CF MEQUCNt VILLAGES OF BAYSIDEt  CASCADE* 
JACKSON, R IVER H I L L S *  ANC T H I E N S V I L L E  AND THE UNIkCORPORATED VILLAGES OF NEW- 
BURG AND WAUBEKA* 

TYPE OF USE 

Y U N I C I P A L ,  SANITARY 
C I S T R I C T *  ANC 
SUBCIVISION,, , , , ,  

SELF-SUPPL I E D  
COCMERCE AND 
INDUSTRY1I.,.,-,. 

COYESTICIIII,.L,,,o 

AGRICULTURE 
LIVESTOCK..-* , ,s,  
IRRIGATION,,,, , . .  

TCTAL 

SCURCE- U-So GEOLOGICAL SURVEY AND SEWRPC- 

Ground water use within the watershed may 
be expected to reach a total of approximately 
24.8 rngd for all uses, an increase of 14.3 mgd 
over the 1967 level. Surface water use may be 
expected to reach 78.3 rngd for all uses, an 
increase of 22.9 mgd over the 1967 level. Of the 
anticipated total population of about 678,000 per- 
sons within the watershed, approximately 535,000, 
o r  78 percent, may be expected to reside in the 
Milwaukee County portion of the watershed if the 
adopted regional land use plan i s  implemented, 
and, therefore, to be served by established muni- 
cipal utilities utilizing surface water withdrawn 
from Lake Michigan as  the source of supply. About 
57,000 persons, or about 9 percent of the total 
watershed population, may be expected to reside 
in outlying urban communities of the watershed 
having established municipal water utilities utiliz- 
ing ground water as  the source of supply if the 
adopted regional land use plan is implemented. An 
increase of about 56,000 persons, o r  about 9 per- 
cent of the total watershed population, may be 
expected to reside inurban communities served by 
newly established municipal water utilities utiliz- 
ing either ground o r  surface water a s  a source of 
supply. About 30,000 persons, o r  4 percent of 
the total watershed population, may be expected to 

reside in rura l  areas of the watershed and to be 
served by self-supplied domestic wells. Ground 
water pumpage for municipal use in the watershed 
may be expected to increase from about 6 mgd for 
1967 to a total of about 11 mgd by 1990, a 98 per- 
cent increase. Table 96 summarizes the forecast 
1990 ground water use by municipality. The his- 
toric and forecast trends in ground water use by 
municipality a re  shown graphically in Figure 55. 

WATER USE IMGO) 

Surface water pumpage for municipal use in the 
watershed may be expected to increase from about 
53 mgd in 1967 to a total of about 77 mgd in 1990, 
a 43percent increase. Table 97 summarizes the 
forecast 1990 surface water use for each munici- 
pality. The remaining pumpage is expected to be 
utilized for self-supplied industrial and commer- 
cial and for irrigation purposes. The total use for 
these purposes may be expected to remain at 
about the 1967 level through 1990. The historic 
and forecast trends in surface water use by 
municipality a re  shown graphically in Figure 55. 
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For  forecast purposes, i t  was assumed that sani- 
tary district and isolated subdivision pumpage of 
ground water in the watershed would increase 
from about 0.19 mgd in 1967 to 4.05 rngd in 1990. 
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F O R E C A S T  M U N I C I P A L  GROUND WATER 
USE I N  T H E  C I L W A U K E E  R I V E R  UATERSHEO-  1990° 

" B Y  19909 M U N I C I P A L  WATER U T I L I T I E S  MAY A L S O  BE E S T A B L I S H E D  A T  T H E  V I L L A G E S  OF 
C A S C A D E  AND JACKSOY AND T H E  U14lltdCORPORATED V I L L A G E S  OF NE WBURG AND WAUBEKA, 

M U N I C I P A L I T Y  

V I L L A G E  O F  ADELL,*.**..* 
V I L L A G E  O F  C A M P B E L L S P O R T  
C I T Y  O F  C E D A R B U R G - - * - - * .  
V I L L A G E  O F  F R E D O N I A - . - . -  
V I L L A G E  O F  GRAFTON...,., 
V I L L A G E  O F  KEUASKUM.*o.*  
V I L L A G t  O F  RANDOM LAKE., 
V I L L A G E  O F  S A U K V I t L E . . * .  
C I T Y  O F  WEST BEND,*.-... 

T O T A L  

b~~~~ F I G U R k  I N C L U O E S  P E R S O N S  L I V I N G  I N  THOSE P L A N N E D  D E V E L O P E D  U R B A N  AREAS 
C O N T I G U O U S  T O  T H E  V I L L A G E  OF G K A F T O N  A N 0  T H E  C I T I E S  O F  CEDARBURG AND WEST BEND, 

SOURCE- U. S. G E O L O G I C A L  S U a V E Y .  

WATER 
LI S E 

1 9 6 7  
(P'tGD) 
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0.22 
1.41 
0 -10  
0.69 
0 . 5 2  
0 .28  
0 - 2 8  
2 - 2 1  

5 - 7 4  

T A B L E  97 
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1 3 3  
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9 0 
8 0 
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9 7 

a~~ 1990, P U Q I C I P A L  WATER U T I L I T I E S  RAY A L S O  E E  E S T A H L I S H E D  A T  THE V I L L A G E S  OF 
R A Y S I D E ,  R I V t K  H I L L S ,  ANG T t l I t N S V I L L E  AND T h E  C I T Y  O F  KFOUON. 

F O R E C A S T  
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1 9950 
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5 7 9 0 5 2  

F O R E C A S T  
WATER U S E  
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It should, however, be recognized that many such WATER SUPPLY PROBLEMS 
districts and subdivisions may be expected to be 
connected to centralized municipal water utilities 
by 1990. As indicated in Table 95, relatively A good water supply, comprised of both ground 
small increases in ground water pumpage a re  water and surface water from Lake Michigan,does 
forecast by 1990 for  self-supplied industrial, com- exist within the Milwaukee River watershed and is 
mercial, domestic, and agricultural use. adequate to meet all foreseeable municipal, indus- 
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Figure 55 
HISTORIC AND FORECAST TRENDS IN MUNICIPAL WATER USE 

IN THE MILWAUKEE RIVER WATERSHED 
1940-1990 
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trial, domestic, and agricultural needs within the 
watershed. Milwaukee County and the southern 
portion of Ozaukee County together comprise the 
area  of the watershed in which the greatest 
increases in water use may be expected, accom- 
panying anticipated increases in population levels. 
Primary reliance cannot continue to be placed on 
the shallow dolomite aquifer as  a source of water 
supply within certain portions of the lower water- 
shed without creating increasingly severe prob- 
lems of declining water levels. A more reliable 
supply of ground water in the a rea  exists in the 

-- - 

deep sandstone aquifer. The deep aquifer in this 
area, however, contains water high in dissolved 
solids content, exceeding 1,000 mg/l and, there- 
fore, considered saline. Continued heavy pumpage 
of the deep aquifer in this part of the watershed 
can be expected, as  water levels in the aquifer 
continue to decline, to accelerate the intrusion of 
saline waters and further limit the usefulness of 
this source of supply. 

Population growth in the middle and upper reaches 
of the watershed may be expected to be more 
moderate and problems of inadequate water supply 
to remain rare.  Small-to-moderate well yields to 
meet most self-supplied domestic and agricultural 
needs can be obtained almost everywhere within 
the central and upper reaches of the watershed 
from either the shallow sand and gravel or  the 
dolomite aquifer. Larger yields of water, suffi- 
cient for both municipal and self-supplied indus- 
tr ial  and commercial needs, a re  available in the 
central and upper reaches of the watershed within 
the deep sandstone aquifer (see Map 3 2 ) .  It 
should not be inferred, however, that no water 
supply problems could arise within the central and 
upper portions of the watershed. If such prob- 
lems a re  to be avoided, a sound ground water 
resource management program must be formu- 
lated to ensure that the potential of the available 
ground water supply can be fully realized both in 
the central and upper reaches of the watershed, 
a s  well a s  in the lower reaches of the watershed, 
with its more difficult water supply problems. 

In 1967 about 11,000 people lived in the City of 
Mequon and the Village of Thiensville portion of 
the watershed, with neither municipality providing 
public water supply service. By 1990, 47,000 per- 
sons may be expected to reside within these two 
communities, an increase of 36,000 persons over 
the 1967 population level; and a minimum of 
4.7 mgd of water will be required to serve this 
forecast population level, an increase of about 

3.8 mgd over the 1967 water use within these two 
communities. If major declines in dolomite and 
deep sandstone aquifer water levels and the pos- 
sible concomitant natural pollution of the deep 
aquifer by the intrusion of saline waters is to 
be avoided in the face of this increased water 
demand, either the ground water aquifers will 
have to be very carefully managed o r  alternative 
sources of supply developed. Lake Michigan is an 
excellent alternate source of supply for this area 
and could be utilized either through creation of a 
new public water utility with its own intake to 
serve the Mequon-Thiensville area or  through 
purchase of water from one of the two existing 
water utilities now utilizing Lake Michigan as  a 
source of supply and serving adjacent areas to 
the south. 

Similarly, in 1967 about 3,400 people lived in the 
Village of Bayside and Village of River Hills 
portion of the watershed, with neither munici- 
pality providing public water supply service. By 
1990 about 4,400 persons may be expected to 
reside in these two communities, an increase of 
about 900 persons over the 1967 population level; 
and a minimum of about 1 mgd of water will be 
required to serve this forecast population level, 
an increase of approximately 0.7 mgd over the 
1967 water use within these two communities. 
This increase could be supplied either by the 
continued use of ground water or  by the pur- 
chase of surface water from either the existing 
City of Milwaukee or  the North Shore municipal 
water utilities, both of which utilize Lake Michi- 
gan as a source of supply, o r  by purchase of water 
from any new utility created to serve the Mequon- 
Thiensville area. 

Along with the aforementioned four communities, 
four others-the Villages of Cascade and Jackson 
and the unincorporated Villages of Newburg and 
Waubeka within the watershed-do not presently 
provide public water supply services. As indi- 
cated in Table 98, seven of these eight communi- 
ties may be expected to have population densities 
in excess of 1,000 persons per square mile by the 
year 1990 in the urban quarter sections, warrant- 
ing the provision of a public water supply (see 
Table 99). The four outlying communities, how- 
ever, may be expected to utilize the deep ground 
water aquifer as  the source of supply. 

As indicated in Table 98 , all but one of these 
eight communities within the watershed without a 
municipal water supply, the Village of Jackson, 



TABLE 98 

bRBAh COCMUNITIES I &  THE MILWAUKEE R I V E R  WATERSHED 
kLTHOUT A MUNICIPAL WATER SUPPLY SYSTEH- 1967 

FORECAST 
P O P U L A T I O N  POPULATION D E N S I T Y  

PRESENT 
P O P U L A T I O N  DENSITY 

E X I S T I N G  E S T I M A T E D  D E N S I T Y  FOR T H E  URBAN E S T I M A T E D  FORECAST POPULATION FOR THE URBAN 
PRIMARY COMMUNITY POPULATION FOR THE E N T I R E  QUARTER SECTIONS WATtR D E N S I T Y  FOR THE QUARTER SECTIONS 

dATER AREA I N  THE I N  THE COMMUNITY I N  THE COMMUNITY CONSUMPTION FORECAST E N T I R E  COMMUNITY I N  THE COMMUNITY 
s o U R C t  WATERSHEU HATERSHED 1 9 6 7  1 9 6 7  1 9 6 7  POPULATION 1 9 9 0  1 9 9 0  

COMMUNITY I A O U I F E R I  159. 841.1 1 9 6 7  IPERSONS/SP.Ml - I  1PERSONSISQ.Ml. I  I M G O I  1 9 9 0  IPERSONS/SP.Ml. I  IPERSONS/SP.RI. I  

0.63 2 1 0 8 0  3 . 3 0 0  2 .910  O. lbbO 2 . 1 0 0  3 .340  2 , 8 4 0  
0.75 5 0 0  6 6 7  2.500 0 . 0 2 5 ~  5 0 0  7 0 0  2 . 2 1 0  
0 .51  5 0 0  9 8 0  3 , 1 3 0  0.074'  1 .500  2 , 9 8 0  4 . 2 8 0  

31 .51  8 . 3 3 0  2 6 4  8 8 5  0.666'  4 3 , 8 0 0  1 .380  2 .480  

SeNOSTUNE 
1 . 0 0 ~  414 '  4 1 0  2 . 7 6 0  0.021b 1 . 1 0 0  1 .100  3 . 3 4 0  

4 .11  1 . 3 0 0  3 1 6  4 4 1  0.104'  2 r 2 0 0  5 5 0  6 2 0  
1.03 3 . 0 0 0  2 .910  3 . 0 6 0  0.240- 3 .600  3 . 4 7 0  3 . 1 4 0  
1.00' 3 6 6 9  3 6 0  1 .740  O.OLlb 6 0 0  5 6 0  

IUNINCORPORATEOI  
2 . 3 5 0  

E X I S T I N G  
SEWERAGE 

SYSTEM 
SERVI  VG 

COMMUNI 1Y  

TJ YES 

PRESENTLY 
SERVED BY 

F l R E  
PROTECTION 

 SYSTEM^ 

~0~ 
NO 

YES 
NO 
NO 

PROTECTION 
SYSTEM 
NEEDED 

BY 1 9 9 0 '  

YES 
YES 1 YES 
YES 

PRESENT WATER F I R E  F I R E  
SOURCES OF I N S U R A N C t  INSURANCE 
SUPPLY ARE RAT LUG ANNUAL 

OF GOO0 BUREAU PREMIUM 
Q U A N T I T Y  C L A S S I F I C A T I O N  ( 1 2 0 . 0 0 0  HOMEII 

YES 2 2  

YES 

M U N I C I P A L  WATER 
SUPPLY S Y S l E H  

NEEDED 8V 
1 9 9 0  1 

YES 
YES 

1 0 0  YES NO NO YES 3 6 

(UNINCORPORATEOI  
YES 

I I I I I 
TOTAL 1 5.507 1 9 9  1 -- -- -- .- -- -- I -- 

"BASE0 ON AN ASSUMED CONSUMPTIOY RATE OF 8 0  GALLONS PER C A P I T 4  PER DAY. 

b 8 ~ ~ ~ ~  ON AN ASSUMED CONSUMPTION RATE OF 5 0  GALLONS PER C A P I T A  PER DAY. 

'BASED ON AN ASSUME0 CONSUMPTIOU RATE OF 5 0  GALLOYS PER C A P I T A  PER DAY PLUS 17 ,600 .000  GLLLONS U S E 0  BY L I B B Y I  I I C N E I L  AND L I B B Y .  

d ~ O ~  THE PURPOSES OF T H I S  ANALYSIS .  I T  WAS ASSUMED THAT THE AREA OF 'NEWBURG' *AS A L L  OF S E C T I O N  12. TOWN 1 1  NORTH. RANGE 2 0  E A S T *  I N  WASHINGTON COUNTY. 

'BASED ON THE E S T I M A T E D  1 9 6 7  POPULATION I N  SECTION 1 2 .  TOWN 1 1  NORTH, R A N L t  2 0  t A S T .  I N  WASHINGTON COUVTY. 

'FOR THE PURPOSES OF 1 H l S  ANALYSIS ,  I T  HAS ASSUMED THAT THE AREA OF .WAUBEKAa HAS A L L  OF S E C T l U N  2 8 ,  TOWN 1 2  NORTH. RANGE 2 1  EAST. I N  OZAUKEE COUNTY. 

9BASED ON THE ESTIMATEO 1 9 6 7  POPULATION I N  SECTION 2 8 ,  TOWN I 2  NORTH. RANGE 2 1  EAST. I N  OZAUKEE COUNTY. 

h ' S ~ ~ ~ E D '  D E F I N E 0  AS A SYSTEM OF WATER MAINS. F I R E  HYDRANTS, AN0 WATER STORAGE F A C I L I T I E S .  

A F I R E  PROTECTION SYSTEH I S  COYSIDERED TO BE F E A S I B L E  WHERE THERE I S  AT LEAST MEDIUM-DENSITY 17.3-22.8 P tRSONS PER R E S I D E N T I A L  ACRE1 R E S I O E V T I A L  OEVELOPMEYT OR 
A S U B S T A N T I A L  CONCENTRATION OF COMMERCIAL AND I N D U S T R I A L  OEVELOPMENT. 

J T H E S E  F IGURES REPRESEYT ANNUAL PREMIUMS FOR S T R I C T L Y  F IRE-8ASEO 04MAGE INSURANCE COVERAGE ON A $ 2 0 . 0 0 0  HOME. 

'THE V I L L A G E  OF B A Y S I D E  PRESENTLY HAS NO F I R E  PROTECTION SYSTEM AS D E F I N E D  ABOVk, ALTHOUGH I T  DOES HAVE SEVEN C I S T E R N S  I N  THE V I L L A G E  FOR LOCAL F l R E  PROTECTlON 
PURPOSES- 

'ASSUMES SOUND MANAGEMENT AN0 SPACING OF WELLS. H E L L S  MUST BE SPACE0 GREATER THAN 5 ,000  FEET APART, PUMPING A T  THE RATE OF A MAXIMUM OF 3 0 0  (.ALLON5 PER MINUTE.  

'"THE E N T I R t  V I L L A G E  OF B A Y S I O E  HAS A C L A S S I F I C A T I O N  OF 9 s  EXCEPT THOSE AREAS W I T H I N  1 . 0 0 0  FEET OF SEVEN CISTERNS. WHICH A R t A S  HAVE A C L P S S I F I C A T l O N  OF 8. 

" T H E  $ 2 4  PREMIUM I S  FOR THE AREA C L A S S I F I E D  AS 8 AN0 T H t  $ 3 6  PREMIUM I S  FOR THE AREA C L A S S I F I E D  AS 9. 

'BASED ON AN ASSUMED CONSUMPTION RATE OF 8 0  GALLONS PER C A P I T A  PER DAY PLUS 1 7 . 6 0 0 1 0 0 0  GALLONS USED BY L I B B Y .  M C N E I L  AND L IBBY.  

SOURCE- F l R E  INSURANCE R A T I N G  B U K t A U  AND SEYRPL. 

has a f i re  insurance rating of 9 and does so 
in part because no municipal water supply is 
available. The Village of Jackson does have a 
water system consisting of water mains, f ire 
hydrants, and some water storage solely for f ire 
protection and, therefore, has a f ire insurance 
rating of 7. The urban population densities which 
exist in all but one of these areas, together with 
the inadequate f ire protection provided, combine 
to create an unduly high fire hazard to life and 
property and result in higher f ire insurance 
premiums. Consequently, an additional important 
warrant for the provision of a public water supply 
system is provided. 

The f i re  insurance rating system in use within 
Wisconsin was devised by the Fire Insurance 
Rating Bureau, a private nonprofit association of 
f i re  insurance companies licensed to operate 
within the state. The system is intended to ra te  
the ability of municipalities to prevent and to fight 
f ires and is based primarily upon analyses of the 
adequacy of the municipal f ire department, the 
water supply system, and the potential f ire haz- 
ard, as determined by existing structural condi- 
tions in high-value districts. Under this system 
municipalities a r e  assigned "points of deficiency" 
for inadequacies noted with respect to the follow- 
ing six items: water supply, f ire department, f ire 



TABLE 99 

C R I T E R I A  FOR THE ESTABLISHMENT OF PUBLIC  
SANITARY SEkERAGE Ah0 WATER SUPPLY SYSTEMS 

SCURCE- UoS*  PUBLIC  HEALTH SERVICE* 

alarm system, f i re  prevention efforts, building 
inspection, and structural conditions. In deter- 
mining the number of tlpoints of deficiencytt in a 
category, such as  water supply, a large number 
of items, such as  reliability of supply, pumping 
equipment, and hydrant distribution, a re  con- 
sidered. The total number of "points of defi- 
ciency" against a municipality determines its 
classification. The classes range from Class 1, 
with zero to 500 points of deficiency, to Class 10, 
with over 4,500 points of deficiency. As noted 
above, all but one of the urban communities in 
the watershed that do not presently provide water 
supply services have a f i re  insurance rating of 
Class 9, indicating a range of 4,000 to 4,500 
points of deficiency. The single exception is the 
Village of Jackson, which has been assigned a 
rating of Class 7 because of the existence of a 
single-purpose f ire protection water supply sys- 
tem. In comparison, those communities in the 
watershed having public water supply systems a re  
rated in Classes 2 through 6, thus providing sub- 
stantial savings in f ire insurance premiums to 
their residents. 

PUBLIC  SANITARY 
SEHERAGE SYSTEM 

JUST1 F I ED 

NORMALLY J U S T I F I E D  

NOT NORMALLY 
J U S T I F I E D  

RARELY J U S T I F I E D  

RARELY J U S T I F I E D  

POPULATION DENSITY 
PERSCNS PER SQUARE M I L E  

(GROSS AREA) 

5 , 0 0 0  AND OVER 

2 . 5 0 0  - 5 . 0 0 0  

l rOOO - 2,5CO 

5 0 0  - 1 , 0 0 0  

5 0 0  AND UNDER 

Effects of Regional Development 
The ground water supply in the sandstone aquifer 
underlying the Milwaukee River watershed is 
affected by deep well pumpage throughout all of 
southeastern Wisconsin and, in addition, by such 
pumpage in the Chicago region. The changes in 
artesian pressure produced by such pumpage have 
been both pronounced and widespread. Since the 

f i rs t  well was drilled into this aquifer approxi- 
mately 100 years ago, water levels have declined 
nearly 700 feet at Chicago and more than 300 feet 
at Milwaukee. North of Milwaukee, however, these 
declines are  much less pronounced, and the water 
level decline in the northwestern part of the 
watershed is estimated at less than 25 feet. Addi- 
tional pumpage from the sandstone aquifer in any 
locality will increase the rate of decline in the 
water level while a reduction of pumpage will 
decrease the rate of decline. 

EQUIVALENT 
LOT S I Z E S  

LESS THAN 1 / 2  
ACRE 

1/2-TO-1 ACRE 

1-10-2 ACRES 

2-10-4 ACRES 

OVER 4 ACRES 

Hydrographs of water levels in observation wells 
in the deep sandstone aquifer (see Figures 56 and 
57) illustrate the water level changes in this 
aquifer as  it underlies the watershed in the Mil- 
waukee area. The hydrograph of Well ML-36 
shows the long-term declining trend of water 
levels in the Milwaukee area. The hydrograph of 
Well ML-431 for a more recent period shows a 
very steep rate of water level decline. This steep 
decline is probably the result of a local increase 
in pumpage and therefore does not represent a 
regional trend in the watershed. 

PUBLIC  kATER 
SUPPLY SYSTEM 

J U S T I F I E D  

J U S T I F I E D  

NORMALLY J U S T I F I E D  

NOT NCRMALLY 
J U S T I F I E D  

RARELY J U S T I F I E D  

Heavy pumping of the dolomite aquifer will not 
produce major regional declines comparable to 
those in the sandstone aquifer because of differing 
hydraulic conditions and the local recharge avail- 
able to this shallow aquifer. The observable 
affects of large-scale pumping of the aquifer at a 
particular site a re  normally limited to a 10-mile 
radius or  less. Hydrographs of observation wells 



in the shallow dolomite aquifer (see Figures 58 ,  
59, and 6 0 )  show an irregular fluctuation of 
water levels with no long-term trend apparent. 
The different wells reflect differing local condi- 
tions affecting the aquifer and differing rates of 
pumpage from the aquifer. 

Because the sand and gravel aquifer occurs in 
more or  less local discontinuous bands inter- 
connected with the shallow dolomite aquifer and, 
like the latter aquifer, is recharged locally, no 
regional pumpage effects are possible. Increased 
local pumpage may, however, cause drastic 
declines in the local ground water levels and 
serious water supply problems. 

Regional development has no measurable quantita- 
tive effect on Lake Michigan as a source of water, 
because al l  water pumped from the lake must be 
eventually returned to the lake by way of sewage 
treatment plants discharging directly to the lake 
or to streams which flow into the lake. The only 

Figure 56 
HYDROGRAPH O F  W E L L  TAPPING T H E  

D E E P  AQUIFER I N  T H E  ClTY OF MILWAUKEE 
1946 - 1964 

MILWAUKEE CO., Well-36 
MI-7/21/12-36 

A. 0 .  Smith Corp. NE%SE% Section 12, T. 7N., R 21 E. Drilled unused artesian well 
in St. Peter sandstone, diam 14 inches reported depth 1,091 ft., cased to  774. Lsd 673 
ft. above msl. M p t o ~  offlange, 3.00ft., above Isd. Discontinued 1965. 

Source: SE WRPC. 

Figure 58 

HYDROGRAPH OF WELL TAPPING 
T H E  SHALLOW AQUIFER IN THE 

ClTY OF MILWAUKEE 
1950 - 1969 

MILWAUKEE CO., WeN-45 
MI-7/22/2945 

Milwaukee Journal. NW'hNE'h, Section 29. T. 7 N., R 22 E. Drilled unused artesian well in 
Niagara Dolomite, diam 8 to 5 inches, depth 1,015 ft., cased to 1,015 ft., ruptured 146-505. 
Lsd 591 fr. above msl. MP top of casing, 8.50 ft. below Isd. Recording gage. Lowest monthly 
plotted. 

Source: U.S. Geological Survey. 

Figure 5 9  
HYDROGRAPH OF WELL TAPPING 
THE SHALLOW AQUIFER IN THE 

ClTY OF MILWAUKEE 
1946 - 1969 

MILWAUKEE CO.. Wd-118 
MI-8/21/35-118 

A. Schoejer. NElhNW'/r section 35, T. 8 N., R. 21 E. Drilled domestic orterion well h Nhgara Dolomite, 
d i m  6 inches depth 135ft. h d  679.25ft. above msl. MP top of cosmg. 0 60 f l .  above Ird. Measured monthly. 
Allplorred. 

Source: U.S. Geological Survey. 

Figure 60 
HYDROGRAPH OF WELL TAPPING 
THE SHALLOW AQUIFER IN THE 

ClTY OF MILWAUKEE 
1946 - 1969 

Figure 57 "J ' a  
75 

HYDROGRAPH O F  W E L L  TAPPING T H E  g 8o 

D E E P  AQUIFER IN T H E  
* 85 

P 9.3 

V ILLAGE OF BROWN DEER 2 95 

1966 - 1969 
3 100 

S 1.3. 

m 1 1 0  

: ! I S  

MILWAUKEE CO., Well-431 MI-8/21/11-4.31 : 120  

FJadger Meter Mfg. Co. NEV,NE'/. Section 11 T. 8 N., R. 21 
MILWAUKEE CO . Well-120 MI.7/al~7.~m E. Drilkd industrial artesion well in sandstone of Cambrian 

:P 120 
u u age and St. Peter Sandstone of Middle Ordovician age, diam. N U ~ ~ . B ~ E ~  shoe CO. S E ' / ~ N W ~ ~  sectton 17, r 7 N., R. U E. Drilled unused arreston well in Niogora 

125 Dolomite of Mtddle Silurian age, dzom I0 inches, reponed depth 400 00.. cased to I04 h d  685 fi. 
above msl. MP top of concrete, 8.75 fi., below Isd. A m r e d  by regional pumping Memured monthly. AN 
plotted. 

Source: SE WRPC. Source: U.S. Geological Survey. 



problem foreseen for the continued use of Lake 
Michigan as a major source of water supply is 
that which may be brought about by the continued 
decline in lake water quality through pollution of 
the lake both by the discharge of improperly 
treated savage and by continued soil erosion in 
the tributary drainage area causing polluted sedi- 
ments to enter the lake. 

Effects of Local Development 
Where pumping wells are  spaced too closely for 
the hydraulic conditions in an aquifer, a mutual 
interference of the cones of depression surround- 
ing the wells and a concomitant increased draw- 
down of water levels may result. This increased 
drawdown in turn causes increased pumping costs 
and, in some cases, reduced well and aquifer 
yields. The response of each aquifer to pumping 
differs because the hydraulic properties and 
recharge rates of the aquifers differ. 

A specific example of how concentrated local 
pumpage may adversely affect an aquifer may be 
indicated by the experiences of the Village of 
Brown Deer. Until 1965 the Village of Brown Deer 
operated a municipal water system consisting of 
16 subdivision wells, with each well serving only 
the immediate subdivision area and with no inter- 
connection between the individual systems. With 
the increased concentrated population experienced 
by Brown Deer during the late 1950's and early 
19607s, a greatly increased demand for water was 
placed upon this fragmented system of subdivision 
wells, resulting in a rapid decline in ground water 
levels and the need to deepen the wells almost 
annually in order to meet the growing demand. 
The Village was eventually forced to abandon the 
individual shallow wells as a source of supply and 
in 1965 began purchasing water from the City of 
Milwaukee municipal water utility. This shift in 
the source of supply, while necessitated by the 
continued rapid decline in the ground water levels, 
also provided a higher quality and more stable 
supply. 

The Village of Bayside may face a similar situa- 
tion as changes in land use development concen- 
trate pumpage. Since April of 1964, the water 
levels in six wells within the Village have been 
monitored at approximately seven-day intervals. 
The results are  shown in Figure 61 in terms of 
monthly average water levels. The locations of 
these observation wells, some of which lie outside 
the watershed, are shown on Map 56. Although no 
long-term trend in declining water levels is 

evident over the six years of record, all of the 
wells experienced drastic fluctuations in water 
level, some as much as almost 11 feet over a 
six-month period. This unreliability in water 
level creates a problem for the residential water 
users. In addition, water quality samples taken 
at other wells within the Village indicate a 
relatively high dissolved solids content, neces- 
sitating, in some instances, bottled water being 
brought to the home for domestic consumption 
and laundry being done outside the home in com- 
mercial laundromats. Thus, a potential water 
supply problem exists in the Village of Bayside, 
involving both quantitative and qualitative con- 
siderations. In the face of this problem, the 
Village administration wisely acted to institute the 
well-monitoring program and to sustain this pro- 
gram over the past six years. Also, within the 
past 15 years, the Village has engaged a consult- 
ing engineering firm to study various alternative 
public water supply systems, considering both 
ground and surface water as  a source of supply 
and construction either by the Village alone o r  by 
the Village in cooperation with various adjacent 
communities. No action was, however, taken as 
a result of this engineering study, since all of the 
alternatives were rejected based upon financial 
considerations. In the final analysis, however, 
the ultimate decision may have to be based not 
only on the quality and quantity of the community 
water supply but also on whether o r  not a public 
water supply system becomes essential for the 
purpose of f ire protection. Various development 
proposals advanced for the Village in recent 
years, if implemented, may make such a system 
essential. 

The City of Mequon, which is experiencing rapid 
changes in land use as urban development con- 
tinues in southern Ozaukee County, experienced 
a water supply problem during August 1970, when 
the water levels in many individual wells tapping 
the shallow dolomite aquifer declined below the 
pump intakes. Many homes were unable to obtain 
water until the water levels rose or until the 
pumps were lowered. This water supply problem, 
while temporary in nature due to a particularly 
long period of hot, dry weather, can be expected 
to increase in severity as development proceeds 
in Mequon and more and more individual wells tap 
the shallow aquifer. 

The increases in ground water pumpage forecast 
for the Milwaukee River watershed may be 
expected to affect significantly water levels in 



MONITORED WATER LEVELS IN SIX WELLS 
IN THE VILLAGE OF EAYSIDE.WISCONSIN 

1964-1970 

ate I 1 I I I I I 
leer t s  leas #mar ,em 4- gem 

"re 

Source: Village of Bayside and SEWRPC. 

both the sandstone aquifer and the dolomite 
aquifer. In order to quantify these effects, 
the theoretical relationships between pumpage and 
drawdown for varying distances and times have 
been computed and the resulting curves and 
graphs are presented in Chapter VI, Volume 2, of 

LOCATION OF MONITORED WELLS 
IN  THE VILLAGE OF BAYSIDE. WISCONSIN 

1964 - 1970 

Since April of 1964, the Village of Bayside has conducted a weekly 
monitoring program of the water levels in six wells located 
throughout the Village. The program has revealed varying de- 
grees of water level fluctuation, with the maximum fluctuation 
occurring in Well Number 3, where a difference in water levels 
of nearly 11 feet over a sixmonth period was found to have occurred. 

Source: Village of Bayside and SEWRPC. 

this report. These curves can be used to estimate 
the response of each aquifer to most pumping 
situations. With the aid of these curves, well 
spacings can be effected that will minimize the 
adverse effects of interference for each pumping 
situation. Well drilling costs and pumping costs 
also may be estimated with the information pro- 
vided by the curves. 

Of major concern to owners andoperators of wells 
in the sandstone aquifer underlying the watershed 
are the declines in water levels which have caused 
significant increases in well-operating expenses. 
A s  water levels decline, well yields are reduced; 
and the wells have to be operated for longer 
periods of time under greater pumping heads to 
produce the same quantity of water. The cost of 
electric power to operate the pumping equipment 
is the largest direct operating expense, and some 
operators feel that increased power costs may 
some day make pumping from the sandstone 
aquifer prohibitive in cost. The example given 
below demonstrates a method of estimating the 



direct costs of operating electrical pumping equip- 
ment for a typical high-capacity well and, more- 
over, illustrates the level of additional operating 
cost which is involved in pumping from a rela- 
tively high-capacity well in the face of declining 
water levels. In the example, if ground water 
levels a re  assumed to be declining at a rate of 
five feet per year, the additional annual expense 
to operate a well pumping at a continuous rate of 
1 mgd can be calculated by the formula: 

where: 

Ca = annual cost of additional electricity in 
dollars. 

Q = discharge rate in gpm. 

H = head decline in feet. 

Ce = cost of electricity per KWH in dollars, 
assumed to be $0.015. 

E = wire-to-water efficiency, assumed to 
be 0. 6. 

substituting: 

o r  $143 per year increase in direct operating 
expense of the well. 

SUMMARY 

Rapid urbanization is  occurring within the Mil- 
waukee River watershed and is increasing the 
demands on municipal, industrial, and domestic 
water supplies. A comprehensive approach to the 
water resource problems of the watershed, there- 
fore, requires that the major uses of the present 
water supply be assessed and the needs and poten- 
tial availability o r  supply of water for the plan 
design year of 1990 be forecast. The water use 
inventories conducted under the Milwaukee River 

watershed study indicate that, except for the 
Mequon-Thiensville area, ground water is and 
may be expected to remain the principal source of 
domestic, municipal, agricultural, and industrial 
water supply in that portion of the Milwaukee 

River watershed lying above the Milwaukee County 
line. Within the Milwaukee County portion of the 
watershed, the principal source of water supply 
is and may be expected to remain Lake Michigan. 
Water use within the basin in 1967 totaled 24.4 
billion gallons for all uses, 82 percent of which 
was obtained from surface water sources, mainly 
Lake Michigan. A total population of about 
544,000 persons was supplied, and the total quan- 
tity of water used inthe basin averaged 123 gallons 
per capita per day. This average utilization varied 
within the basin from a high of 293 gallons per 
capita per average day in the Village of Random 
Lake to a low of 81 gallons per capita per day in 
the Village of Brown Deer. 

Water users were subdivided for analytical pur- 
poses into three major groups: municipal and pri- 
vately owned public water utilities; self-supplied 
domestic and agricultural users;  and self-supplied 
commercial and industrial users. The average 
daily use by these groups was, respectively: 
59.18 mgd, o r  about 88 percent of the total use; 
4.30 mgd, o r  about 6 percent of the total use; and 
3.40 mgd, or about 6 percent of the total use. 
About 6 percent of the total municipal and private 
utility supply was obtained from the shallow 
aquifer, about 4 percent from the deep aquifer, 
and about 90 percent from surface water sources. 
These three sources may be expected to provide 
an adequate supply for municipal and private 
utility use to the plan design year of 1990, pro- 
vided that an adequate water resources manage- 
ment program, specifically including a shift from 
ground to surface water as the principal source of 
supply in the Mequon, Thiensville, River Hills, 
Bayside area of the watershed and the proper 
location and spacing of wells in the remainder of 
the watershed, is affected. Lake Michigan water 
inlets for the new surface supplies will also have 
to be located on a coordinated basis, properly 
related to each other and to shoreline discharges 
of pollutants. 

Approximately 26 percent of the self-supplied 
commercial and industrial use was obtained from 
the deep aquifer and 27 percent was pumped 
from the shallow aquifers of the watershed, with 
47 percent being obtained from surface water 
sources. To date, self-supplied commercial and 
industrial users  have no known problems anywhere 
within the watershed with respect to current or  
future supply.' The required water resources 
management program within the basin, however, 
must include these major users. 



The self-supplied domestic and agricultural water 
uses differ from the other two major uses, with 
most of the supply, slightly more than 99 percent, 
being derived from the shallow aquifers and less 
than 1 percent being obtained from surface water, 
while no water was obtained from the deep aquifer. 
The major water management problems of the 
rura l  portions of the Milwaukee River watershed 
a re  more related to agricultural practices, such 
as  irrigation or  drainage, than to domestic and 
livestock watering needs. Agricultural irrigation 
is presently not extensively practiced within the 
watershed; and only 2,000 acres, or  0.5 percent 
of the total area of the watershed, a re  under 
agricultural irrigation. The number of acres 
irrigated has increased rapidly in recent years, 
however; and, if current trends continue, the 
number of acres irrigated in 1990 could reach 
five times the present amount. Detailed soils 
maps of the watershed indicated that approxi- 
mately 129,000 acres are  covered by soils having 
characteristics that make them potentially irri- 
gable. If in the future additional acreage is 
brought under irrigation, the demand for water 
will, because of potential use conflicts over sur- 
face waters, most probably have to be supplied 
almost entirely by the shallow ground water 
aquifer. An estimated four to six inches of water 
are  applied to most irrigated crops in years 
having an average amount and normal seasonal 
distribution of precipitation. This withdrawal o r  
application rate is higher than the estimated two 
inches per year average recharge rate of the 
shallow aquifer and, if not carefully managed, 
could result in local water use and supply con- 
flicts and problems. 

Soils maps indicate that approximately 124,400 
acres in the watershed a re  covered by soils with 
restricted natural drainage. Eight agricultural 
drainage districts, one of which remains active, 
have been organized and four group enterprise 
projects established in order to implement agri- 
cultural drainage practices. To date, drainage 
improvements have been carried out on about 
13,200 acres within the watershed. 

Total water use may be expected to increase by 
51 percent in the watershed by 1990, reaching an 
approximate total pumping ra te  of 103 million 
gallons per day, o r  37.6 billion gallons per year. 
Municipal ground water use may be expected to 
comprise approximately 11 percent of this total 
water use, totaling 4.2 billion gallons per year. 
This forecasted total represents a 98 percent 
increase over the 1967 water use and represents 
a change in per capita consumption from 168 gal- 
lons per day in 1967 to 199 gallons per day in 
1990. Municipal surface water may be expected 
to comprise 74 percent of this total water use, 
totaling 27.9 billion gallons per year. This fore- 
casted total represents a 42 percent increase over 
the 1967 water use and represents a change in 
per capita consumption from 117 in 1967 to 143 
in 1990. 

The deep aquifer is a very complicated water 
supply, extending far beyond the surface bounda- 
r ies  of the watershed. Water levels (potentio- 
metric surface) in this aquifer have, and will 
continue to show a decline within the Milwaukee 
River watershed, especially in areas of concen- 
trated pumping. This decline, coupled with in- 
creasing water quality problems due to saline 
intrusion, is significant with respect to the total 
amount of water which is being used daily within 
the watershed, especially in the lower reaches of 
the watershed. As the level of the deep aquifer 
declines, the cost of pumping from the deep 
aquifer, as well as the cost of water treatment, 
may be expected to increase and to become major 
factors in determining future municipal and indus- 
tr ial  water supply sources. 

A ground water resource management program 
will have to be effected within the basin that 
considers both regional and local effects on 
the ground water system if local conflicts and 
shortages, a s  well as excessive costs of deep 
aquifer production, are  to be avoided. An impor- 
tant aspect of such a program would be the 
identification of future well locations so as  to 
produce a properly spaced network of wells, 
thereby avoiding the undesirable effect of well 
interference. 



Chapter XII 

RIVER PERFORMANCE SIMULATION 

INTRODUCTION 

One of the eight basic principles upon which the 
SEWRPC comprehensive watershed planning pro- 
cess is based as set  forth in Chapter 11, Volume 1, 
of this report, is: 

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

This principle is an extremely important one 
because, unless water control facility system 
plans are subject to quantitative test and evalua- 
tion, involving analysis of the hydraulic loading 
which the system must carry, the adequacy of the 
plans must remain in doubt from an engineering 
standpoint. Plans not subjected to such quantita- 
tive test and evaluation cannot provide a sound 
basis for project design or capital investment, 
nor can such plans provide sound, long-range 
solutions to water resource problems. 

Quantitative hydraulic analysis, involving the 
preparation of forecasts and analyses of the 
amount of water to be passed or  regulated by the 
existing and proposed water control facilities, is 
a fundamental requirement of any comprehensive 
watershed planning effort. A similar forecast and 
analysis of the pollution loading to be carried by 
the stream system is alsp an essential part of any 
comprehensive planning effort for large and com- 
plex watersheds, such as the Milwaukee River 
watershed. New engineering techniques make i t  
possible to calculate future hydraulic and pollution 
loadings quantitatively as  a function of watershed 
development patterns. These techniques involve 
the formulation and application of mathematical 
models which permit the present and probable 
future relationships existing within the watershed 
to be simulated and which permit qualitative and 
quantitative changes that may be expected to be 
induced upon the performance of the river system 
through changing land use and water control facil- 
ity development to be forecast and analyzed. 

This chapter describes the techniques used in the 
Milwaukee River watershed study for simulating 
the present and probable future hydrologic rela- 
tionships existing within the watershed and the 
performance of the river system. Since the amount 
of water and the pollution loading to be carried by 
the river system had to be simulated separately, 
the models developed and applied in the study a r e  
presented in two sections. The first  section, en- 
titledvFlood SimulationYv describes the mathemat- 
ical model used to simulate the flood flow charac- 
teristics of the river system. The second section, 
entitled "Stream Water Quality Simulation, " de- 
scribes the mathematical model used to simulate 
water quality conditions in the river system. 

FLOOD SIMULATION 

As already noted, the watershed planning process 
requires definitive knowledge of both the present 
and the probable future flow behavior of the river 
system, particularly with respect to flood flows. 
The best means of obtaining information on the 
behavior of a river system is to measure the flow 
directly. To be of value for planning and engineer- 
ing purposes, however, such direct measurements 
must extend over a long enough period of time to 
permit statistically valid conclusions concerning 
the probability of occurrence of various stream 
flows to be drawn from the records. 

In the Milwaukee River watershed, r iver stage and 
discharge records have been obtained on the main 
stem at Milwaukee for a period of 54 years and on 
Cedar Creek at Cedarburg for a period of 38 years. 
These two gaging station records extend over long 
enough periods of time to be extremely useful to 
the hydrologic and hydraulic analyses required in 
the watershed planning effort. Four new stream- 
flow gaging stations were established in the Mil- 
waukee River watershed in 1968 as  part of the wa- 
tershed planning program: two on the main stem of 
the Milwaukee River at Kewaskum and Waubeka, 
one on the East Branch of the Milwaukee River at 
New Fane, and one on the North Branch of the Mil- 
waukee River at  Fillmore. The periods of record 
for these new gaging stations were too short to be 
useful in the watershed planning effort. The gages 
should, however, be maintained so  that more com- 



plete data on the flow regimen of the watershed 
will become available over time. The records 
from the new gages will be particularly valuable 
in watershed plan implementation. 

Although the direct flow measurements available 
from the existing gaging stations are  extremely 
valuable to any sound analysis of the behavior of 
the river system, these measurements, even from 
the oldest gaging station in the watershed,have not 
been obtained over a long enough period of time 
to represent more than a very small sample of 
the possible ranges of hydrologic and hydraulic 
conditions within the watershed o r  to indicate 
any trends in the behavior of the stream system 
resulting from changes in land use development 
within tributary watershed areas. Moreover, the 
stream gaging records, regardless of duration, do 
not provide direct information in r iver discharge 
and water levels for stream reaches between o r  
beyond the gaging station locations. Sound water- 
shed planning, however, requires knowledge of 
the river system behavior along the entire length 
of the principal stream channels. Such information 
can be practically provided only through flow sim- 
ulation studies. 

The term "flood-flow simulation, l' as  used in this 
report, means the representation of the surface 
water hydrologic and hydraulic system of the wa- 
tershed by mathematical means in order to syn- 
thesize flood flows and concomitant high water 
surface elevations. In such simulation a mathe- 
matical model of the watershed and i ts  stream 
system is constructed by assigning numerical val- 
ues to various physical characteristics of the wa- 
tershed and combining these values by means of 
established hydrologic and hydraulic relationships. 
Inputs to the model include data on the climate, 
topography, soils, and land use of the watershed 
and on the slope, cross section, and physical char- 
acteristics of the various stream channel reaches. 
Outputs include flood hydrographs, runoff vol- 
umes, peak flood discharges, and accompanying 
high water surface elevations. The ability of the 
model to simulate actual flood flows is verified by 
comparing the model outputs to available data on 
actual river performance, such as historic dis- 
charge records and high water marks. 

Since all pertinent watershed characteristics are 
used in the development of the model, i t  becomes 
possible, by varying model inputs, to analyze the 
effects of changing land use and water control fa- 
cility development on river system performance. 
Thus, the model not only provides definitive data 

concerning the existing and probable future behav- 
ior of the river system but also contributes to the 
attainment of a basic understanding of the spe- 
cific hydrologic relationships existing within the 
watershed. 

The complete flood-flow simulation model devel- 
oped for, and utilized in, the watershed planning 
effort consists of two submodels. The first,  o r  
"backwater," submodel is used to determine the 
flood stages accompanying predetermined dis- 
charges for all dams, bridges, and culverts within 
the watershed and for selected representative 
channel cross sections working in an upstream 
direction from the watershed outlet. In addition, 
the output from this submodel provides the basis 
for determining whether channel routing o r  reser-  
voir routing procedures a re  to be applied to each 
channel reach in the computation of flood inflows 
and outflows by the second, or flood-routing, sub- 
model. The latter submodel is used to determine 
peak flood discharge through simulation of the 
runoff and movement of floodwaters as this runoff 
and movement occur in nature from the head of 
the watershed to the outlet. In addition, the flood- 
routing submodel, utilizing the stage-discharge 
relationships obtained from the backwater model, 
determines the final stages accompanying the flood 
discharges. These two models used in sequence 
provide the definitive data on flood flows-flood 
stage and discharge-necessary not only for sound 
watershed planning but also for the sound regu- 
lation of land use development in the riverine 
areas of the watershed. Figure 62 summarizes 
the essential features of the flood-flow simula- 
tion model. 

In the complete flood-flow simulation process, 
the backwater simulation model is used first  
to develop inputs to the flood-routing submodel 
by calculation of stage-discharge-volume tables 
for impoundment-controlled channel reaches and 
stage-discharge-area tables for channel and over- 
bank flow-controlled channel reaches. The classi- 
fication of the river reaches as being impounded 
o r  non-impounded is made through an examination 
of the water surface profiles implied by the stage- 
discharge relationships developed by application 
of the backwater submodel. The flood-routing 
submodel, utilizing the inputs from the backwater 
submodel, as well as additional inputs relating to 
the hydrologic and hydraulic characteristics of 
the watershed, was then used to determine the 
watershed-wide distribution of flood flows and 
river stages for floods of specific recurrence 
intervals. 



Figure 62 

Flood-Flow Simulation Model 

I - Input 

Natural Resource Base Data Cultural Data 

1. Topography 1. Land Use 
2. Soil and Vegetal Characteristics 2. Water Control Structures 
3. Channel-Overbank Conditions 3. Channel Alterations 
4. Precipitation 

I1 - Backwater Submodel 

1. Compute stage-discharge relationships at structures and other critical 
points. 

2. Define impounded and non-impounded river reaches. 

111 - Flood-Routing Submodel 

1. Convert rainfall volume to runoff volume for each sub-basin. 
2. Establish time distribution of sub-basin runoff. 
3. Synthesize streamflow by combining sub-basin contributions. 
4. Modify streamflow to reflect channel and impoundment storage effects. 

(Note: this process utilizes hydraulic characteristics as  determined by the 
backwater submodel.) 

5. Summarize runoff volume, peak discharge, and corresponding stage at struc- 
tures and other critical points. 

IV - Calibration 

Compare simulated results to flood volumes, discharges, and stages as  mea- 
sured during an actual 'historical flood event. 

V - Application 

Calculate flood volume, discharge, and stage throughout the r iver system for: 
1. Different flood return periods and levels of urbanization. 
2. Different flood return periods and channel-reservoir modifications. 

Source: Harza Engineering Company and SEWRPC. 

Backwater Submodel age areas behind dams o r  other water control 
In order to establish floodwater surface profiles structures; and in all intervening reaches of the 
along a r iver system, flood discharges must be channel. Each of these types of stage-discharge 
related to high water surface elevation (stages) at relationships is established in a slightly different 
channel obstructions, such as bridges; in stor- manner. Since i t  is not practicable to establish 



by measurement actual stage-discharge relation- 
ships along an entire river system, these rela- 
tionships must be established by use of analytical 
procedures. 

Water levels in a river system are a function 
of discharge; channe 1, f loodway , and floodplain 
size, shape, slope, and hydraulic friction; man- 
made obstructions; and downstream water levels. 
Therefore, the determination of stage-discharge 
relationships at various locations along a river 
system requires an evaluation of the physical 
characteristics of the channel system and an engi- 
neering procedure for calculating water surf ace 
elevations that accounts for both physical charac- 
teristics and downstream water levels. 

Method of Computation: Stage-discharge relation- 
ships were established at 694 locations in the 
216 miles of channel length studied. This num- 
ber includes the relationships developed for the 
upstream and downstream sides of 243 dams, 
bridges, and culvert installations and 208 rep- 
resentative channel and floodplain sections. The 
necessary computations were performed using 
an IBM-1130 electronic computer. In addition 
to performing stage-discharge computations, the 
program calculates flow areas at each cross sec- 
tion and determines the number of acres inundated 
and the volume of storage between cross sections 
for each specified discharge. Cross-sectional 
flow areas and volume of storage thus derived 
were used in the flood-routing procedure. 

The U. S. Army Corps of Engineers computer 
program, "Backwater-Any Cross ~ection,"' was 
used to compute water surface elevations corre- 
sponding to specified flow rates at selected loca- 
tions along the river channel. The effects of 
various hydraulic structures, such as bridges, 
culverts, weirs, embankments, and dams, were 
considered in the computation. River conditions, 
such as variable channel and overbank roughness, 
islands, bends, and junctions of streams, were 
also considered. 

The computational procedure, known as the "stan- 
dard step method, applies Bernoulli's theorem 
for the total energy at each cross section andMan- 
ning's formula for the friction head loss between 
cross sections. Energy losses resulting from ex- 

' Hydrologic Engineering Center Computer Program 22-52- 
L212, U. S. Army Engineer District, Sacramento, California, 
October 1966. 

pansion or contraction of flow due to changes in 
cross sections and from bridge or culvert losses 
are also computed. 

Program inputs include river cross sections, dis- 
tances between sections, roughness coefficients, 
flow rates, and changes in flow rates. Structure 
data, such as the bridge waterway opening, top 
of roadway and low chord elevations, and pier 
head loss coefficients, are  also entered as inputs. 
Computations proceed upstream from a known or  
computed water surface elevation at a selected 
downstream cross section. The Bernoulli equa- 
tion is used to balance the total energy at any two 
consecutive locations. Since the water surface 
elevation is known at the initial cross section, 
the water surface elevation at the next upstream 
section can be computed from the energy balance. 

Energy losses caused by structures, such as 
bridges and culverts, are computed in two steps. 
First, the losses due to expansion and contraction 
of the cross section on the upstream and down- 
stream sides of the structure are computed. 
Second, the loss caused by the structure itself 
is determined. 

Bridge and culvert losses are computed for open 
channel flow, pressure flow, and weir flow or for 
any combination of these types of flow. Open 
channel flow occurs when the water surface eleva- 
tion is below the low chord of the bridge, and head 
losses are caused by contraction and expansion of 
the flow through the waterway opening and around 
pier obstructions. Pressure flow occurs when the 
water surface elevation is above the low chord of 
the bridge but below the surface of the roadway. 
An orifice flow equation is used for pressure flow. 
Weir flow over the roadway and pressure flow 
through the bridge opening occur when the water 
surface elevation overtops the roadway. 

Determination of Channel and Floodplain Charac- 
teristics : Channel, floodway, and floodplain size 
and shape were obtained from cross-sectional 
drawings of the riverine area. Channel cross 
sections were obtained for 53 locations from data 
gathered by the U. S. Army Corps of Engineers in 
a 1960 survey of the main stem of the Milwaukee 
River between Waubeka and Milwaukee. Additional 
channel sections were surveyed at 75 locations 
throughout the Milwaukee River system by the 
Commission and Harza Engineering Company 
staff. Corresponding overbank sections were 
determined from U. S. Geological Survey 7 1/2- 



minute and 15-minute topographic maps, from 
1'' = 100' scale, 2-foot contour interval, topo- 
graphic maps available from the Villages of Brown 
Deer and River Hills, and from 1'' = 200' scale, 
2-foot-4-foot contour interval, topographic maps 
available from the Commission. 

The physical characteristics of road and railway 
embankments, bridges, culverts, and water con- 
trol  structures were obtained from engineering 
drawings of each structure prepared by the Com- 
mission. The drawings were developed from field 
surveys made of each structure by the f i rm of 
Alster & Associates, Inc., photogrammetric and 
control survey engineers, under contract to the 
Commission. All elevations were referenced to 
Mean Sea Level Datum, 1929 Adjustment, as  
established by the U. S. Coast and Geodetic Sur- 
vey; and second order bench marks were se t  on or 
near each structure surveyed. 

Channel slopes were estimated using elevations of 
the channel bottom determined as  part of the field 
survey of the channel and structure cross sec- 
tions, and distances between the cross sections, 
measured on 1'' = 400' scale aerial photographs. 
It was generally assumed that a constant channel 
slope existed between the cross sections, except 
where topographic maps indicated a pronounced 
break in slope between the cross sections. 

Hydraulic friction is  a relative measure of the 
ability of the channel, floodway, and floodplain to 
pass or retard flow. Channel, floodway, and 
floodplain retardance, as represented by the l1nl1 
value in the Manning formula, was estimated on 
the basis of field observation of channel, floodway, 
and floodplain characteristics at each cross- 
section location. Values were estimated as the 
sum of the amounts attributable to various fac- 
tors, as  summarized in Table 100. Separate esti- 
mates of llnll were made for the channel and the 
overbank sections. Values of "nff used in this 
study were based on summer, or growing season, 
conditions. 

Determination of Water Surface Elevations: As 
already noted, the procedure used to develop the 
relation between water surface elevation and dis- 
charge combines the hydraulic relationships es-  
tablished in the Manningformula with the Bernoulli 
theorem or  conservation of energy principle. In 
this combination, Manning's formula is used to 
estimate the loss of energy between two points 
along the channel; and the conservation of energy 

principle is used to determine the depth of flow. 
The actual determination of water surface eleva- 
tions requires a tr ial  and e r ro r  solution utilizing 
cumbersome mathematical equations and will not 
be discussed here.2 

In order to evaluate the effects of downstream 
water levels on upstream elevations, backwater 
computations were initiated at the North Avenue 
dam and carried systematically upstream from 
one cross section to the next. When structures 
that raise water levels above natural flow eleva- 
tions were encountered, the computations were 
terminated; and a new set  of computations, based 
upon a stage-discharge relationship which was 
established at the structure, was begun. 

Stage-Discharge Relationships-Channel Sections: 

At all cross sections, a water surface elevation 
was determined for each of five selected dis- 
charges. These five discharges were selected so 
as  to well define the rating curve for each cross 
section, with no particular regard for flood fre- 
quency occurrence, except that an attempt was 
made to define the rating curve beyond the anti- 
cipated 100-year flood level and below the 10-year 
flood level. In order to reflect the variation in 
discharge that occurs between locations of two 
cross sections, discharge values were assumed 
to be proportional to the 0.6 power of the ratio of 
the drainage area upstream from the section to 
the total drainage area. This means that, when a 
water surface elevation was established at a cross  
section, a higher discharge was assumed to be oc- 
curring at the same instant at downstream cross 
sections. Stage-discharge relationships were de- 
veloped using the five established points for each 
cross  section. Figure 63 shows a typical stage- 
discharge curve for a cross section of the chan- 
nel and overbank section. 

Stage-Discharge Relationships-Water Control 

Structures: Figure 64 shows the stage-discharge 
curve developed by standard weir formulas and 
measured structural characteristics for the North 
Avenue Dam in Milwaukee. This curve is typical 
of discharge rating curves developed for water 
control structures in the watershed. These curves 
were used to establish starting elevations for 
stage-discharge computations. Fifteen structures 
have water control facilities, such as gates o r  
f lashboards, that can be manually operated to 
adjust stage-discharge relationships. In this 

r bid, - footnote I .  



T A B L E  100 

CHANNEL F R I C T I O N  COMPONENTS FOR USE I N  E V A L U A T I O N  OF CHANNEL AND OVERBANK 
ROUGHNESS C C E F F I C I E N T S  U T I L I Z E D  I N  THE MANNING FORMULA 

'ECUIVALEMT STKALGkT  L I N E  L E N G T h  MEASLRED ALOhG THREAD CF CFANNEL. 

CCIJPCNEUT 

CkdRACTER CF CbANhEL  
CbdNNELS  I N  E A H T H o * o o o o - o o o o . o . o o o o - o o o o . o * * o o o o  

C k A h N E L S  C b T  I N  R C C K o o . , o o o o o o . o o o o o . o o o . o o * o . . *  

Ck'PKNELS I N  F I N E  C R A V E L a . o - o . o o . o o o a o e o o * * o * a * . .  

CHAKhELS I h  COARSE G R A V E L o ~ o o o o o o o ~ o o ~ o o ~ o o ~ o ~ ; . o  

CEGREE OF SURFACE I H R E G b L A K I T Y  
S ~ C O T P o o o o o o o o o o ~ o o o o a o ~ o o o ~ ~ ~ ~ ~ ~ . t . ~ ~ ~ o ~ ~ ~ ~ ~ ~ o o  

P I h C R o - o . o a - o o - o . . o o o o o - o o o m - . o o o o s o o e o o * e o . e o o .  

P C C E R A T E ~ o o o o o ~ ~ ~ ~ o ~ o o o o o o ~ o o o ~ ~ ~ o o o o o o ~ o ~ ~ ~ ~ ~ ~ ~  
S E V E R E o ~ o o o o o o o o o o ~ ~ o o o ~ o ~ o ~ ~ ~ o o ~ o ~ o o o ~ o o ~ ~ o ~ o o o  

V L R I A T I C N  CF CRCSS-SECTICPi S I Z E  AND SHAPE 
G R A C t A t o o o o o o o - o m o . a * o o * o . * o o * o o o o o o o o o o o o o o * . - o  

C C C A S ~ O N A L ~ ~ ~ ~ o ~ o o o o o o o o ~ o ~ o ~ ~ o o o o o o o ~ ~ ~ ~ ~ o o o ~ o o  

 FREQUENT^,....^^,...^^^...^^^^.^^^^^...,^^^^^..^ 

CBSTRUCTICNS (STUMPS'  BCULCERSI FENCES, L C G S )  
N E G L I G I B t E o o o o ~ o o ~ o o o o ~ t o ~ o o o ~ o o o ~ o o o ~ o o ~ ~ ~ ~ m o o o  

P I N C R o l o o o o l o o o o ~ o ~ ~ ~ o o ~ l o ~ ~ o o o ~ o ~ ~ o o ~ o o ~ o o o ~ o o o  
A P P R E C L A B C E ~ ~ ~ ~ o o o o o ~ o o ~ o ~ o ~ ~ o ~ o o ~ t ~ o o ~ o o ~ o o ~ o o ~  
S E V E R E 1 o o o ~ o o o ~ ~ l o o ~ ~ o ~ ~ ~ ~ ~ ~ ~ o o o o ~ o ~ ~ o o o ~ ~ o o m o ~ o  

EFFECT CF V E G E T A T I C h  
L G ~ ~ ~ ~ ~ ~ o o o o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ * ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ o * ~  

M E D I U M o o o o o o o o . . . . o o o L o a . i o o o o o t t t t o o o o m * o o . o * o o o  

b I G ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ m ~ o ~  
VERY P I G h o ~ o ~ o ~ ~ o o ~ o o o ~ ~ ~ ~ ~ o o o o o o o ~ o o o o o o o ~ o o o o o  

ADJUSTMENT I N  F R L C T I G N  FACTOR FOR CHbhNEL  

b~~~~ FACTCR IS U S E C  T C  PULTIPLY T C T A L  'N* VALUE DERIVED B Y  ADDING 
P A R T I A L  VALUES. 

P A R T I A L  'N1  VALUE 

0 0 0 2 0  
0.025 
0,024 
0.028 

OoOOO 
C 0 0 0 5  
0.0 1 0  
0,020 

OoOCO 
C o o 0 5  
0.010-0.015 

0 -OCO 
0,015 
0,030 
0 ,060  

6 - 0 0 5 - 0 . 0 1 0  
0 , 0 1 0 - 0 - 0 2 5  
0 , 0 2 5 - 0 0 0 5 0  
0,050-0,100 

PEANEERING 

SOURCE- SUPPLEMENT B e  UoSI S O I L  CCNSERVAT IOh  SERVICE  E h G I N E E R I N G  HANO- 
BCCKI S E C T I C N  5, 'HYDRAULICS.'  

study it was assumed that, where operable, levels by an amount approximately equal to the 
gates would be completely opened and flashboards loss of energy that occurs as water passes through 
removed when water levels rose to within one the structure. The change in water surface eleva- 
foot of the top of the dam. tion at bridges and culverts was calculated using 

a procedure developed by the U. S. Army Corps of 
S t a g e  -Di s c h a r g e  R e l a  t i o n s h i p s  - B r i d g e s  and Cul - Engineers. This procedure estimates the total 
v e r  t s :  Bridge and culvert installations raise up- change in water surface elevation between cross 
stream water levels above downstream water sections immediately upstream and downstream 

OEGREE CF 
YEANEERING 

P I N C U ~ ~ ~ ~ ~ ~ ~  
A P P R E C I A B L E *  
S E V E R E o o o o o o  

RATIC O F  M E A ~ D E R   LENGTH^ 
TO S T R A I G H T  LENGTH 

1.C - 1 0 2  
1.2 - 1.5 
CVER 1.5 

F A C T G R ~  TO BE 
A P P L I E D  TO TCTAL 'N '  

1 0 0 0  
1 - 1 5  
1 - 3 0  
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tershed, was used to simulate floods of selected 
frequency under both present and future land use 
development within the watershed and to evaluate 
the effect of various proposed water control facil- 
ities on flood levels and discharges in the river 
system. 

The submodel was programmed for use on a 
UNIVAC 1108 computer. The complete Fortran 
computer program used to perform the calcula- 
tions in the model is on file in the Commission 
offices. The computer program was used to 
simulate mathematically conditions along the prin- 
cipal channels of the watershed (see Table 101 and 
Map 57), consisting of the main stem of the Mil- 
waukee River, the North, East, and West branches 
of the Milwaukee River, and four tributaries- 
Lincoln Creek, Cedar Creek, Silver Creek, which 
passes through the City of West Bend, and Silver 
Creek, which passes through the Village of Random 
Lake-and the outlet channel from Crooked Lake. 

The basic relationships used in the flood-routing 
submodel for determining the movement of flood 
runoff through the waterways a r e  the convex 
method of routing in channels and the storage 
indication method of routing where pondage oc- 
curs. Simulation is begun with the calculation 
of the amount of runoff caused by rainfall or  
snowmelt or  a combination of both. Rainfall or  
snowmelt depth, duration, and intensity and ante- 
cedent soil moisture conditions are entered into 
the model, which calculates discharge hydro- 
graphs at the outlets of each of a number of 
rationally delineated sub-basins. At each sub- 
basin input point to the channel system over which 
the flood routing is being simulated, the flow is 
increased for the tributary input. The effects of 
channel and impoundment storage at various loca- 
tions between the sub-basin input points are com- 
puted, and the discharge accordingly adjusted. 
The resulting discharge values are  used as in- 
puts to the calculations for the succeeding reach. 

TABLE 101 

P O R T I O N S  OF THE MILWAUKEE RIVER WATERSHED STREAM SYSTEM 
INCORPORATED I N  THE FLOOC-FLOW SIMULATION HODEL 

"RIVER MILES ON T ~ E  MAIN S T E M  OF T ~ E  MILWAUKEE RIVER ARE MEASURED IN AN UPSTREAM CIRECTION BEGINNING 
W I T H  RM 0 . 0 0  I N  TI-€ HARBGR AT THE L A K E  M I C H I G A N  S t C R E L I N E .  R I V E R  M I L E  S T A T I O N I N G  ON A L L  STREAMS 
T R I B U T A R Y  TO THE C I L W A U K E E  R I V E R ,  OR ONE OF I T S  T R I B U T A R I E S ,  I S  ALSO REFERENCED TO S T A T I O N  0 . 0 0  A T  
T h E  L A K E  M I C H I G A N  SHORELINE.  THEREFORE, THE K l V E R  M I L E  S T A T I O N  OF AhY P O I N T  I N  T H E  CHANNEL SYSTEM 
I N C I C A T E S  THE L I N E A L  C I S T A N C E t  MEASURED ALOhG THE P R I N C I P A L  C H A h N E L S t  BETWEEN THPT P O I N T  ANC S T A T I O N  
C-CO A T  T H E  L A K E  C I C H I G A h  S H C R E L I h E .  

CYANNEL NAME 

Y I L H A U K E E  R I V E R  
( M A I N  STEM) 

k E S T  8 R A N C h  

€ & S T  BRANCH 

ORCCKEC L A K E  
CREEK 

NCRTH BRANCH 

S I L V E R  CREEK 
( S F E R C A N  

TCWNSHLPI  

S I L V E R  CREEK 
(WEST REluC 

TOWNSHIP 1 

CECAR CREEK 

L I N C C L N  CREEK 

SCURCE- HARZA E N G I N E E R I N G  COMPANY PND SEWRPC. 

L E N G T H  
( M I L E S )  

9 6 . 8 8  

20.87 

17 .97  

5 .13  

2 2 . 6 6  

9 .60  

4 .62  

32.72 

5 .75  

216 .20  

FROM 
(RIVER MILES)' 

RM 9 6 . 8 8  A T  THE O L T L t T  CF MUD L A K E  

RC 100 .36  T H I R T E E N  M I L E S  LPSTREAM 
FROM E L C O R t  

RM 9 2 . 2 4  b T  THE O U T L E T  OF LONG L A K E  

RM 90 .06  AT T H E  OUTLET CF CROOKED 
L A K E  

RC 70 .56  ONE-HALF M I L E  L P S T R E A Y  
FROM C A S C A C t  

RH 6 6 . 9 4  CNE-HALF M I L E  L P S T K E A Y  
FROM THE V I L L A G E  CF RANOOY L A K E  

RM 7 1 . 9 3  AT T H E  OUTLET CF S I L V E R  
L A K E  

RM 60 .29  A T  THE O U T L E T  C F  B I G  CEDAR 
L A K E  

RM 13 .61  AT S I L V E R  S P R I N G  D R I V E  

T  0 
(RIVER MILES)' 

R L  0 . 0 0  I N  T H E  HARBOR AT THE L A K E  
M I C H I G A N  S H O R E L I N E  

RM 7 9 . 4 9  AT T H E  CONFLUENCE W I T H  
THE C I L W A U K E E  R I V E R  

RM 7 4 . 2 7  AT T H E  CONFLUENCE W I T H  
THE V I L h A U K E E  R I V E R  

RY 8 4 . 9 3  A T  T H E  CCNFLUENCE W I T H  
THE E A S T  BRANCH 

RC 47 .90  A T  THE CONFLUENCE W I T H  
T H E  Y I L W A U K E E  R I V E R  

RY 57 .34  AT T H E  CONFLUENCE W I T t  
THE NORTH BRANCH 

R N  6 7 . 3 1  AT T H E  CONFLUENCE W I T H  
THE MILWAUKEE R I V E R  

RM 27 .57  AT T H E  CONFLUENCE W I T H  
THE Y I L W A U K E E  R I V E R  

RM 7 . 8 6  AT THE CONFLUENCE W I T H  
THE C I L U A U K E E  R I V E R  

T O T A L  



Map 57 

CHANNEL REACHES FOR WHICH WATER SURFACE 
PROFILES HAVE BEEN PREPARED IN THE 

MILWAUKEE RIVER WATERSHED 

The flood-flow simulation model developed in the watershed 
study was used to prepare 10- and 100-year recurrence interval 
flood highrwater surface profiles along 216 miles of stream 
channel within the watershed. Included in this total are the entire 
main stem of the Milwaukee River; the North, East, and West 
Branches of the Milwaukee River; and four major tributaries-- 
Lincoln Creek, Cedar Creek, Silver Creek (Sheboygan County), 
and the outlet channel from Crooked Lake. 

Source: SE WRPC. 

This procedure is repeated for all reaches in the 
stream system to the stream outlet. Reaches are 
established between points of the stream system 
at which significant changes occur in channel and 
related floodplain section and slope; channel and 
floodplain "roughness" ; at dams, bridges, and 
culverts; and at major tributary points. 

Delineation of Hydrologic Sub-Basins: In order to 
provide a manageable basis for the identification 
and analysis of topography, soil type, and land use 
and treatment, the entire Milwaukee River water- 
shed was divided into 63 hydrologic sub-basins, 
ranging from 2.4 to 21.4 square miles in size. 
The sub-basins are shown on Map 58, together 
with the hydrologic soil group predominant in each 

sub-basin. Most of the 63 sub-basins also pro- 
vided the geographic basis for the development of 
hydrographs; that is, graphs showing the changes 
in the discharge of a stream over time. It was 
determined, however, that, in order to best rep- 
resent the progressive contribution of runoff 
water along the entire length of the river system, 
two of the 63 sub-basins should be further sub- 
divided. Thus, hydrographs were developed for 
66 individual sub-basins. These additional sub- 
basins are also shown on Map 58. The 66 hydro- 
graphs representing the runoff characteristics of 
the individual sub-basins were generated by com- 
puter, utilizing, as input to the computer program, 
sub-basin area, time of concentration, weighted 
hydrologic curve number, precipitation, and a di- 
mentionless or  generalized hydrograph. In the 
operation of the flood-routing submodel, the in- 
dividual sub-basin hydrographs were transformed 
into composite hydrographs representing the run- 
off characteristics of the watershed at critical 
points along the stream channel system. This 
transformation was accomplished by a process of 
cumulative addition of the hydrographs. The shape 
of the hydrograph is changed between the selected 
critical points along the stream channel to reflect 
the effects of channel storage. 

Estimation of Runoff: Soil properties influence 
the process of runoff generation and must be con- 
sidered in runoff estimation. When runoff from 
individual storms is the major concern, as in 
simulation of floods due to rainfall, the soil prop- 
erties can be represented by a hydrologic param- 
eter taken as the minimum rate of infiltration ob- 
tained for the bare soil after prolonged wetting. 
The influences on runoff of both the surface and 
the various sub-surface horizons of a soil are 
thereby considered. The influence of ground cover 
is treated independently, as described below. The 
hydrologic parameter, indicating the runoff poten- 
tial of a soil, is the basis for classification of all 
soils into four hydrologic soil groups: 

1. Group A-representing soils having a low 
runoff potential due to high infiltration 
rates. These soils consist primarily of 
deep, well-drained sands and gravels. 

2. Group B-representing soils having a mod- 
erately low runoff potential due to moder- 
ate infiltration rates. These soils consist 
primarily of moderately deep to deep and 
moderately well to well-drained soils, with 
moderately fine to moderately coarse tex- 
tures. 



Source: Harza Engineering Company. 

Map 58 
HYDROLOGIC SUB-BASINS 

OF THE MILWAUKEE RIVER WATERSHED 



3. Group C-representing soils having a mod- 
erately high runoff potential due to slow 
infiltration rates. These soils consist pri- 
marily of soils in which a layer exists 
near the surface that impedes the down- 
ward movement of water or  soils with 
moderately fine to fine texture. 

4. Group D-representing soils having a high 
runoff potential due to very slow infiltra- 
tion rates. These soils consist primarily 
of clays with high swelling potential, soils 
with permanently high water tables, soils 
with a claypan or clay layer at or near the 
surface, and shallow soils over nearly 
impervious parent material. 

Detailed soils maps of the entire watershed pre- 
pared for the Commission by the U. S. Department 
of Agriculture, Soil Conservation Service (SCS) , 
were used to identify the predominant soil types in 
each sub-basin. All soil types occurring in the 
Milwaukee River watershed were classified into 
one of the four hydrologic soil groups, as indi- 
cated in Appendix C of SEWRPC Planning Guide 
No. 6, Soils Development Guide, August 1969. This 
classification was made as an integral part of 
the soil interpretations accompanying the regional 
soil survey. 

In view of the availability of detailed soils data for 
the entire watershed, the SCS Runoff-Curve- 
Number system was used for calculating the run- 
off resulting from a given depth and duration of 
rainfall. This method assigns runoff curve num- 
bers  to a range of hydrologic, soil, and surface 
condition complexes comprised of varying com- 
binations of hydrologic soil groups and agricul- 
tural land uses, as shown in Table 102. The method 
thus incorporates the effects of surface conditions 
on runoff as indicated by the type of land use 
o r  cover and the treatment or  practice existing 
o r  anticipated within each hydrologic sub-basin. 
Land use and cover in this context refer to such 
surface conditions as the presence o r  absence of 
vegetation, litter, bare soil, water surfaces, and 
impervious surfaces, such as pavements and 
roofs, while land treatment refers to certain ag- 
ricultural practices, such as contouring, terrac- 
ing, grazing control, and crop rotation. The term 
"hydrologic condition, " used as a column heading 
in Table 102, refers to the infiltration and retention 
characteristics accompanying the method of land 
use. In the case of row crops, small grain, and 

legumes o r  rotation meadow, hydrologic condition 
is based on the sequence of crop rotation, ranging 
from good, when the rotation includes legumes 
o r  grasses, to poor, when a row crop is planted 
year after year. In the case of pasture o r  range, 
heavily grazed pasture would be classified as fair 
and lightly grazed as  good (having 75 percent o r  
more vegetative cover). In the case of woodland, 
heavily grazed or  burned areas would be classi- 
fied as poor, while those that a r e  ungrazed would 
be classified as excellent. 

The Runoff-Curve numbers also vary with the 
antecedent soil moisture condition, defined as the 
amount of rainfall occurring in a selected period 
preceding a given storm. In general, the greater 
the antecedent rainfall, the more direct runoff 
there is from a given storm. A five-day period is 
used as the basis for estimating antecedent mois- 
ture conditions. Soil moisture conditions also vary 
during a storm. Heavy rain f dling on a dry soil 
can change the soil moisture condition from dry 
to average to wet during the period of the storm. 
Table 103 lists the rainfall groups for estimating 
antecedent soil moisture conditions. 

Weighted average runoff curve numbers were cal- 
culated at the normal antecedent soil moisture 
condition for sub-basins having mixed land uses 
or  treatment practices. The proportion of each 
hydrologic sub-basin occupied by various land 
uses was obtained from the SEWRPC 1967 land 
use inventory for present conditions and from the 
SEWRPC adopted regional land use plan for future 
conditions. Estimates of the proportion of each 
hydrologic sub-basin under various land treatment 
practices were obtained from the publication 
ttAssessor Farm Statistics," Wisconsin Statistical 
Reporting Service, 1967. 

Urban areas were represented by weighted aver- 
age runoff curve numbers calculated by assuming 
the area to consist of lawns or  open space (per- 
vious) and paved or  roofed (impervious) areas. 
The proportions of impervious area assumed for 
each of the major urban land use categories are 
summarized in Table 104. A runoff curve number 
of 96 was assigned to paved and roofed areas. 
Urban lawns and open space were considered 
comparable to good agricultural pasture. 

Empirical curves relating runoff to rainfall for 
various runoff curve numbers are  shown in Fig- 
u re  65. These curves were prepared by the SCS 
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C C N T O L R E D  & T E R R A C E D  
CONTOURED G T E R R A C E C  

C O N T C L R E D  
CONTOURED 
C C N T C U R E D  

SCURCE-  U-S,  D E P A R T M E N T  OF A G R I C U L T U R E *  S O I L  C O N S E R V A T I O N  S E R V I C E .  

H Y C R O L O G I C  
C C ~ ~ O I T I O N ~  

-- 

POOR 
GOOD 
POOR 
GOOD 
POOR 
GOOD 

P i l Q R  
GOOD 
P(30R 
GOOD 
POOR 
GOOD 

PCOR 
GOOD 
POOR 
GOOD 
PCOR 
GOOD 

POOR 
F A I R  
GOOD 
POOR 
F A I R  
GOOD 

GOOD 

POOR 
F A L R  
GOOD 

-- 
-- 
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R U N O F f  C U R V E  
NUMBERS 8 Y  
H Y D R C L O G  1 C 

77 

7 2  
67  
7 0  
6 5  
6 6  
62 

65 
6 3  
6 3  
6 1  
6 1  
59  

6 6  
58 
6 4  
55 
6 3  
5 1  

68  
49  
39 
47 
25  

6  

30 

4 5  
36 
25  

59  

7 2  
7 4  

S G I L  

86 

8 1  
7 8  
7 9  
75 
74 
7 1  

76  
75 
74  
7 3  
7 2  
7 0  

77 
72 
75 
6 9  
73 
67 

7 9  
6 9  
6 1  
6 7  
5 9  
35 

58 

6 6  
60  
55 

7 4  

82 
84 

G R C U P  

A 8 C D  

9 1  

88 
85 
84 
82 
80 
7 8  

84 
83 
82 
81  
7 9  
78 

85 
8 1  
8 3  
7 8  
80 
76  

86 
79  
7 4  
8 1  
75 
7 0  

7 1  

77 
7 3  
7 0  

82 

87 
90 

94  

9 1  
89  
88 
86 
82 
8 1  

88 
87 
85  
8 4  
82  
a 1  

89 
85 
85 
83  
83 
80 

8 9  
84 
80 
88 
83 
7 9  

78 

83  
79  
77 

86 

89 
92 



TABLE 103 

R A I N F A L L  GROUPS FOR ANTECEDENT S O I L  M O I S T U R E  C O N D I T I O N S  
D U R I N G  GROWING SEASON 

SCURCE- U.So S C I L  C C N S E R V A T I O N  S E R V I C E .  

A N T E C t D E N T  
C C M D I T I C N  

I 

I I 

1 1 1  

TABLE 104 

URBAN LAND U S E  I M P E R V I O U S  AREA R A T I O S  

C C N C I T I O N  D k S C R I P T I O N  

A N  C P T I C U C  C O h C I T I C N  O F  WATERSBEC S O I L S ,  WHERE S O I L S  
ARE CRY B U T  N C T  TO T H E  W Z L T I N G  P O I N T ,  AND k H E N  
S A T I S F A C T C R Y  P L O W I N G  OR C U L T L V A T I C N  T A K E S  P L A C E .  

T H E  AVERAGE C A S E  FOR A h N U A L  FLOODS.  

WHEN A h E A V Y  R A I N F A L L ,  OR L I G h T  R A I N F A L L  AND L o b  
T E C P E R A T U R E S ,  P A V E  CCCURREO D U R I N G  THE F I V E  D A Y S  
P R E V I C U S  T O  A G I V E N  STORM. 

O ~ E T  RESIDENTIAL A R E A  IS DEFINED A S  THE A R E A  C F  L A ~ O  A C T U A L L Y  DEVOTED T O  RESIDENTLAL USE ~ I T H I N  SITE 
BGUtVDARIES ANC IhCLUCES TI-E B U I L D I Y G  GROUNC PREA COVERAGE, TOGETHER C I T H  THE NECESSARY ON-SITE YARDS 
b h D  OPEN SPACES. 

F I V E - D A Y  ANTECEDENT R A I N F A L L  
( I N C H E S  I 

<1.4 

104-2.1 

>2.1 

b~~~~~ R E S I D E N T I A L  AREA I S  DEFINED AS THE NET AREA DEVCTEO TC A G I V E N  USE PLUS THE AREA DEVOTEC TO 
SLPPORTING L A h D  USES, SUCh AS STREETS, PARKS, SChCOLS, CHURCHES, AND NEIGHRORHOOC SkOPPING CENTERS. 

R A T I C  OF 
I M P k K V I O U S  

A R E A  TO 
TOTAL AREA 

1 5 %  
30% 
60Yo 
9 2 %  

SOURCE- SEWRPC. 

PERSCNS 
PER  GROSS^ 
SCUARE M I L E  

3 5 0 -  3 , 4 9 9  
395CO- 9 .999 

10,000-25,CCC - - 

using data from gagedwatersheds with known soils 
and cover and generally represent small catch- 
ment areas of one square mile o r  less in extent. 
The curves indicate the runoff which may be ex- 
pected to result from rainfall of 24-hour duration 
o r  less on unfrozen ground and served as a basis 
for estimating the amount of runoff produced by 
selected rainfalls. 

PERSONS 
PER NET' 
RESICEN- 

T I A L  ACRE 

0.6- 5 - 5  
5.5-15.6 

15.6-39.1 -- 

LAND USE 

LCW-OEhSLTY HESICENTIAL...... 
MEEIUC-DENSITY RESICENTIAL... 
HIGH-DENSITY RESIOEATIAL..... 
COCPERCIAL-INDUSTRIALLLLLLL.. 

The weighted average runoff curve numbers were 
then checked by calculating the runoff volumes for 
the June 1940 flood and comparing these calcu- 
lated volumes to the corresponding volumes as 
actually measured at the Cedar Creek and Mil- 
waukee River stream gages. Runoff volumes 
computed by using the SCS generalized procedure 
were found to be somewhat larger than the actual 
recorded event. Analysis of the differences indi- 
cated that the numerous lake wetlands and kettle 
moraine areas within the Milwaukee River water- 
shed provide more floodwater storage than that 

indicated by the generalized runoff curve numbers 
prepared for more typical agricultural water- 
sheds. Based upon further analyses of the 1924 and 
1940 rainfall floods in the watershed, a 40 percent 
reduction, at the normal antecedent condition, was 
applied to the runoff curve numbers for nonurban 
sub-basins of the watershed to account for the re-  
tarding influence on runoff of the large areas of 
the watershed covered by lakes, wetlands, and 
kettles. The revised runoff curve numbers are  
shown on Map 58 and were found to reproduce the 
1940 measured flood event. 

N t T  
LOT AREA 

P E Q  
DCELL I NG L Y  I T 

201CCO SQ. FT. & OVEK 
6,CCO-19,999 S6. FT. 

LNDEK 610CC SO. FT. -- 

Time Distribution of Runoff: A major objective of 
the hydrologic and hydraulic studies is to deter- 
mine the distribution of flood flows and water 
levels throughout the entire channel system. Since 
only two long-term gaging stations existed within 
the watershed, both in downstream areas, it was 
necessary to synthesize the flood flows in the 
remainder of the watershed. This is done by gen- 

CWELLING 
U N I T S  

PER hETO 
RESIDEN- 

T I A L  ACRE 

0.2- 1.6 
1.6- 4.6 
4.6-11.4 -- 



Figure 65 
RAINFALL-RUNOFF RELATIONSHIPS FOR HYDROLOGIC 

SOIL-COVER COMPLEX RUNOFF CURVE NUMBERS 

RAINFALL (PI IN INCHES 

Source: U.S. Soil Conservation Service. 

erating a simple natural hydrograph4 for each of Basin lag, (L), measured in hours, and time of 
the 66 individual sub-basins in the watershed. concentration, (TC) , measured in hours, a re  
Figure 66 shows a typical simple natural hydro- related by the empirical equation: 
graph, together with the rainfall and the effects 
of antecedent soil moisture conditions on infil- L = 0.6 Tc (a) 
tration ra tes  resulting in the runoff. 

Characteristics of the simple natural hydrograph 
vary with the size, shape, and slope of the tribu- 
tary drainage area. The most significant charac- 
teristics a re  the "basin lag," which may be defined 
a s  the time from the center of mass of rainfall 
excess to the hydrograph peak, and the "peak dis- 
charge" for a given rainfall. Steep slopes, com- 
pact shape, and an efficient channel network tend 
to make lag time short and peaks high, while flat 
slopes, elongated shape, and an inefficient channel 
network tend to make lag times long and peaks low. 

4~ "simple natural hydrograph" is a graph showing, for a 
given point on a stream, the discharge with respect to time 
occurring as the result of a discreet meteorological- 
hydrological event. 

Figure 66 

SIMPLE OUTFLOW HYDROGRAPH AND EMPIRICAL 
RELAT IONSH l PS FOR THE MILWAUKEE 

R l VER WATERSHED SUB-BASINS 

CENTROID IN MILES 

FOR IORICULTURAL SUB-BASINS - HOURS 

e 

L 

TlME 

Source: U.S. Soil Conservation Service and Harza Engineer- 
ing Company. 



The time of concentration, (Tc) , is defined as  the 
time required for a particle of water to travel 
from the hydraulically most distant point of a 
drainage area to i t s  outlet. 

Lag was determined by using the equation: 

where: 

1 = distance from sub-basin outlet to hy- 
draulically most remote point of sub- 
basin or  length of main stream from 
the sub-basin inlet to outlet in miles. 

1, = distance from the point on the water- 
course nearest the sub-basin centroid to 
the outlet in miles. 

Ct = a dimensionless coefficient related to 
sub-basin slope. 

The following equation for time of concentration 
was determined by combining equations a and b 
above: 

Values of Ct were calculated by Harza for the 
Knapp Creek watershed near Bloomingdale, Wis- 
consin, and the Mount Vernon Creek watershed 
near Mount Vernon, Wisconsin, watersheds having 
gaged outlets, utilizing Equation b above. These 
watersheds have drainage areas of 8.5 square 
miles and 16.1 square miles, respectively, and 
a re  topographically similar to many of the sub- 
basins of the Milwaukee River watershed. The 
Ct values so obtained were then used to calcu- 
late Ct values for each of the 66 sub-basins in 
the Milwaukee River watershed upon the assump- 
tion that Ct varied with slope according to the 
following relationship : 

where: 

h = rim-to-mouth elevation difference in feet. 

1 = principal channel length in miles. 

This equation is based upon the relationship 
derived by ~ i r ~ i c h ~  for small agricultural water- 
sheds. The Kirpich equation was not used directly 
to determine ti-mes of concentration (TC), as anal- 
ses  made during the SEWRPC studies of the Root 
and Fox River watersheds indicated that use of the 
equation to determine Tc produced attenuated 
hydrographs with too high a peak and too short a 
time base. 

Equation c above is applicable to small rural  wa- 
tersheds in southeastern Wisconsin. Urban water- 
sheds exhibit shorter concentration times because 
of higher flow velocities over paved areas and in 
storm sewers. Adjustments for increased veloci- 
ties in urban areas were made by reducing the 
calculated time of concentration in direct propor- 
tion to the ratio of assumed hydraulic frictions 
of the drainage systems in urban and rura l  areas. 
Hydraulic friction was represented by Manning "nT1 
values of 0.075 for agricultural areas, 0.050 for 
partially storm-sewered urban areas, and 0.025 
for fully storm-sewered urban areas. 

In the calculation of the time of concentration for 
urban areas (Tcl), it was recognized that runoff 
from the most remote portions of the basin will 
occur f irst  as overland flow. A portion of the time 
of concentration in urban areas is, therefore, 
similar to that of agricultural areas. Fifteen min- 
utes was selected as a reasonable allowance for 
overland flow for sub-basins of the size used in 
the study. The remainder of Tc was adjusted for 
effects of urbanized drainage to obtain Tcl. 

The unit storm duration, D, represents the dura- 
tion of runoff producing rainfall used in the 
construction of synthetic hydrographs. The rela- 
tionships shown in Figure 66 indicate that the 
selected value of D should be smaller than the 
time of concentration, Tc, since the synthetic 
hydrograph relations are derived for situations 
wherein peak discharge occurs after the end of the 
runoff-producing rainfall. D must also be chosen 
small enough so that the varying rates of rainfall 
which actually occur during the unit storm dura- 
tion can be closely approximated by an average 
rate. A unit storm duration equal to one hour was 
selected for use throughout the study. 

K = dimensionless coefficient of proportion- 
ality. 

Z. P. Kirpich, "Time of Concentration for Small Agricul- 
tural Watersheds," Civil Engineering, June 1940. 



The pattern of tributary inflow from each of the 
66 individual sub-basins was represented by a 
dimensionless hydrograph. A dimensionless hy- 
drograph is derived from a simple natural hydro- 
graph by taking the time to peak (Tp) and peak 
discharge ra te  (qp) as units and plotting t/Tp 
against q/qp, where t is a given time and q is 
the flow ra te  at the given time. 

An average curvilinear dimensionless hydrograph 
was developed by the SCS from analyses of many 
natural hydrographs! This curvilinear shape, 
along with its representative triangular hydro- 
graph, is shown in Figure 67. A dimensionless 
hydrograph in combination with T,, computed 
from Equation c above and incorporating the re-  
lationships shown in Figures 66 and 67, was used, 

U. S. Soil Conservation Service, National Engineering Hand- 
book, Section 4, "Hydrology." 

Figure 67 
DIMENSIONLESS HYDROGRAPHS 
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Source: U.S. Soil Conservation Service and Harza Engineer- 
ing Company. 

as  already noted, within the flood-routing sub- 
model to synthesize a unique simple hydrograph 
for each of the 66 sub-basins. Initial application 
of this general hydrograph in the simulation of 
historic flood events in the Milwaukee River 
watershed produced flood hydrographs that were 
too high in peak, too steep in the recession limb, 
and too short in time base. Evaluation of the 
historic Milwaukee River floods indicated that a 
broader dimensionless hydrograph should be used. 
Figure 67 shows the revised dimensionless hydro- 
graph used and i ts  representative triangular 
shape. 

Flood Movement: Flood routing is the mathemati- 
cal process of simulating the movement of flood 
waves through a river system. As a flood wave 
moves through a portion of the river, the peak 
rate of flow is usually reduced and the duration of 
flow increased. These alterations result from the 
ability of the river system to function as a reser-  
voir; that is, to store water temporarily while 
flows are increasing and release the storage when 
flows decrease. 

Many methods of flood routing have been devel- 
oped, and each method has certain inherent ad- 
vantages and disadvantages. The "convex method 
of flood routing" was selected as the most suitable 
for use in those portions of the Milwaukee River 
system not subject to impoundment. The submodel 
routing equation used is derived from inflow-out- 
flow hydrograph relationships and follows the 
mathematical theory of convex sets: 

where: 

I1 = inflow in cfs at the upstream end of the 
portion of the river under consideration 
(reach length) at time, TI. 

O1 = outflow in cfs at the lower end of the 
reach at time, TI. 

O2 = outflow in cfs at the lower end of the 
reach at time, T2. 

C = a dimensionless routing coefficient that 
reflects the physical characteristics of 
the channel. 

T2- T1 = the time increment in hours for which 
the outflow will be determined. 



The ability of a portion of the river to modify 
flood flows varies with the size, shape, slope, and 
hydraulic friction of both the natural channel and 
its man-made obstructions. The convex routing 
method makes use of these same characteristics 
to determine the flow velocity from which a rout- 
ing coefficient may be determined. The empirical 
relationship between velocity and the routing coef- 
ficient, as shown in Figure 68, was developed by 
SCS from gaged watersheds. An average velocity 
is determined for the portion of the flood hydro- 
graph in excess of one-half the peak discharge. 
This average velocity is used to determine the 
routing coefficient. 

Velocities and corresponding routing coefficients 
were determined for 311 locations from the stage- 
area-discharge curves that had been prepared 
as described above. Each of the 311 coefficients 
represents the characteristics of a portion of the 
r iver system. The coefficients derived from the 
stage-area-discharge curves developed at loca- 
tions directly upstream from bridges and culverts 
reflect the ability of these obstructions to modify 
flood flows. Coefficients derived from stage-area- 
discharge relationships at locations other than 
directly upstream from man-made obstructions 
indicate the influence of channel characteristics 
on flood flows. 

In addition to the alterations caused by artificial 
obstructions, such as  bridges and culverts, and 
the physical characteristics of the channel itself, 
flood waves a re  also modified by man-made water 
control structures, such as dams. The ability of 
such a structure and its impoundment to modify 

Figure 68 

EMPIR ICAL  FLOOD ROUTING 
C O E F F I C I E N T  - FLOW V E L O C I T Y  RELATIONSHIP 

FOR T H E  M l LWAUKEE R IVER WATERSHED 

VELOCITY - FPS 

Source: U.S. Soil Conservation Service. 

flood flows is dependent upon the hydraulic capac- 
ity of the structure outlet and the storage capacity 
of the impoundment area directly upstream from 
the structure. The process of determining the 
modifications made upon a flood wave as i t  passes 
through a structure and impoundment is called 
reservoir routing. Reservoir-routing operations 
were performed at 30 structure locations in the 
watershed ' by the flstorage-indication" method of 
flood routing. The general-routing equation may 
be given as: 

where: 

- 
0 = average rate of outflow in cfs during the 

time interval t ;  

- 
I = average rate of inflow in cfs during the 

time interval t; 

S = change in volume of storage during the 
time interval t, expressed as cfs-hours; 
and 

t = a time interval in hours. 

Stage-discharge-storage relationships at struc- 
ture locations were derived as described above. 

Sequence of Operation of the 
Flood-Flow Simulation Model. 
Hydraulic and topographic data, alongwith hydrau- 
lic capacity information about bridges, culverts, 
and dams, were entered into the backwater sub- 
model; and computations were performed on an 
IBM-1130 computer. Output from these backwater 
computations was interpreted so as to identify im- 
pounded and non-impounded reaches of the river 
system. Stage-discharge-volume tables were man- 
ually assembled for the former, while stage-dis- 
charge-area tables were prepared for the latter. 

These tables, in combination with additional data 
describing the hydrology of the sub-basins and the 
selected flood event, were introduced into the 
flood-routing submodel. The program was exe- 
cuted on a UNIVAC-1108 computer. Hydrographs, 

'Although there are 38 dams on that portion of the stream 
channel system of the watershed to which the flood-flow 
simulation model was applied, reservoir-routing operations 
were applicable to only those 30 dams which were not sub- 
merged at flood flows. 



runoff volumes, and peak discharges with corre- 
sponding stages were produced by the flood-rout- 
ing submodel for all cross sections located on the 
non-impounded reaches of the river system; and 
the same information was also provided at dams 
that formed impoundments. 

Flood simulation model computations, a s  de- 
scribed above, were extensive and repetitive; but 
the two computer programs executed them in the 
same systematic manner that might be used for 
manual calculations. Therefore, consistent addi- 
tional computations can be made manually, o r  with 
the assistance of a computer, at any time. 

Calibration of the Flood-Flow Simulation Model 
Since theoretical and general empirical relation- 
ships were used to construct the submodel, it was 
necessary to calibrate the model to the specific 
characteristics of the Milwaukee River watershed. 
A number of suitable calibration standards were 
fortunately available within the watershed for  this 
purpose. Measured stage-discharge relationships 
were available from the records of the stream 
gages located on the main stem of the Milwaukee 
River at Milwaukee and on Cedar Creek at Cedar- 
burg. In addition, measured high water eleva- 
tions were available for various locations along 
the main stem for the 1924, 1959, and 1960 flood 
events. 

In order to provide the best possible basis for 
model calibration, an actual flood event should be 
used for such calibration and should meet the 
following criteria: 

1. The precipitation causing the flood event 
should be fairly uniform throughout the 
basin. 

2. The runoff distribution should be nearly 
the same throughout the basin. 

3. The actual rates and distribution of pre- 
cipitation should be known. 

4. A continuous record of discharge rates and 
volumes should be available in at least one 
location in the watershed. 

5. A number of high water marks and other 
documented flood data should be available 
throughout the watershed. 

6. The magnitude of flooding should be of an 
infrequent nature, preferably in excess of 

10 years, and have a runoff volume equiv- 
alent to at least one inch of rainfall excess 
over the entire watershed. 

If an actual flood of record existed that fully met 
all of the above criteria, and assuming that enough 
hydraulic information was available to define pre- 
cisely the physical characteristics of the drainage 
network, it would then be theoretically possible to 
duplicate exactly the historic flood event simply 
by adjusting the variable hydrologic inputs to the 
simulation model. Once this was accomplished, 
the model would be fully calibrated and could be 
used with a very high degree of confidence to syn- 
thesize possible future flood events of any desired 
magnitude. Such a calibration would provide 
checks on hydrograph shape, base time, and dis- 
charge peaks at points where actual discharge 
records existed, as well a s  checks on high water 
marks and rainfall-runoff relationships which 
were applicable to the entire drainage network. 

The flood of June 1940 was selected as the his- 
toric event for calibration of the hydrologic sub- 
model. The rainfall causing this flood was fairly 
uniform throughout the basin, and discreet dis- 
charge hydrographs relating only to the one event 
were recorded at the gaging stations. The peak 
discharge of 6,600 cfs at Milwaukee corresponds 
to an event with a four-year recurrence interval, 
and the peak discharge of approximately 3,200 cfs 
on Cedar Creek at Cedarburg corresponds to an 
event with a 10-year recurrence interval. Map 
59 shows the rainfall isohyetals for the signifi- 
cant period of the storm, from 9:00 p. m. on 
June 21, 1940, to 12:OO a.m. on June 23, 1940; and 
the sequence of rainfall accumulation is shown in 
Figure 69 for three recording rain gages located 
in and around the watershed. The total volume of 
runoff was equal to 1.61 inches over the drainage 
area upstream from the gaging station at Esta- 
brook Park in Milwaukee. Historic high water 
marks were not available for the 1940 flood. 

In the model calibration, the hydraulic inputs to 
the backwater submodel, including stream cross- 
section and structure data, based on field survey 
data, were assumed to define adequately the phy- 
sical characteristics of the channel system and 
adjacent floodways and floodplains and were held 
constant. Hydrologic inputs to the flood-routing 
submodel, including tributary drainage area, time 
of concentration, runoff curve number, and pre- 
cipitation pattern, were then determined from 
analysis of topographic, soils, and land use maps 
and of weather records. Stream gaging records 



Figure 69 
ISOHYETAL MAP OVER T H E  MILWAUKEE R I V E R  WATERSHED 

JUNE 21 - 23. 1 9 4 0  

The flood of June 1940 was utilized in the watershed study as an 
actual historic rainfall event for calibration of the hydrologic 
submodel. The rainfall causing this historic flood was fairly uni- 
form throughout the river basin. In addition, very discreet dis- 
charge hydrographs relating only to the flood event produced by 
this rainfall were recorded at the Cedarburg and Milwaukee 
stream gaging stations. 

Source: Harza Engineering Company. 

for the two long-term stream gaging stations in 
the watershed provided the principal calibration 
standards. A trial model run was then made to 
attempt to duplicate the June 1940 flood event for 
model calibration purposes. 

Calibration of the submodel was performed ini- 
tially for the 121-square mile area of Cedar 
Creek which is gaged. The flood could be simu- 
lated for this smaller area with one continuous 
run of the computer; and the problems concerning 
evaluation of effects of urbanization, structures, 
natural storage areas, tributary inflow, and chan- 
nel characteristics were, therefore, less formid- 
able than for the r iver system as a whole. Aseries 
of flood routings were performed for Cedar Creek 

ACCUMULATED RAINFALL AS MEASURED 
AT T H R E E  RECORDING RAIN - GAGING STATIONS 

DURING STORM OF JUNE 21-23, 1940 
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Source: Harza Engineering Company. 

by which the relative sensitivity of the output of 
the model to various input parameters was eval- 
uated. Following this initial calibration work, the 
model was then calibrated to the entire watershed. 

The results of the initial model runs were found to 
reproduce the timing of the actual measured flood 
peaks reasonably well. Generally, however, the 
synthetic hydrograph bases were found to be too 
short and the discharge peaks too high. Both 
triangular and curvilinear dimensionless hydro- 
graphs, a s  shown in Figure 67, were used. Even 
though the resulting flood hydrographs closely 
approximated the same slope, the curvilinear 
hydrograph was selected for use in the model, as 
i t  more nearly resembles a natural hydrograph. 
Due to the fact that the Milwaukee River water- 
shed lies in a glaciated area with only a moder- 
ately well-developed surface drainage system, it 
was necessary to make significant overall reduc- 
tions in the generalized runoff curve number 
developed by the U. S. Soil Conservation Service, 
as described earlier in this chapter, and to 
increase times of concentration initially selected 
for some sub-basins. The relative weightings of 
sub-basin characteristics, as determined by soil 
type and land use, were maintained. 

Hydrograph Shape: As noted above, historic hy- 
drographs, which provide one of the best model 
calibration standards available, were on record. 
With a well-conceived and constructed model, hy- 
drograph shape, a s  defined by the surface runoff 



base time, time to peak, and the ratio of peak dis- 
charge to volume, as well as by the geometry of 
the rising and receding limbs of the hydrograph, 
can be duplicated in the calibration process. The 
shape of a streamflow hydrograph at any point in 
a river system is determined by the sum of the 
elemental hydrographs from all the contributing 
subareas, modified by the effect of transit time 
through the basin, and storage in the stream chan- 
nels. Since the physical characteristics of basin 
shape, size, slope, infiltration, and channel geom- 
etry are  essentially constant, the shape of hy- 
drographs from different flood events caused by 
similar hydrologic conditions is also similar. This 
is the essence of the unit hydrograph theory and 
is the fundamental basis for the flood simulation 
technique used in the Milwaukee River watershed 
study. Once the typical hydrograph for a particu- 
lar flood event has been simulated at one location 
in the basin, the model may then be considered 
calibrated; and synthesized hydrographs at other 
locations should also be representative. The 
model can then be programmed to develop a new 
set of hydrographs by varying the hydrologic 
characteristics which caused the flooding to be 
simulated. 

Actual hydrograph shapes always vary somewhat 
from one flood to another, owing to differences in 
the conditions which cause the flooding, such as 
runoff duration, time distribution, areal distribu- 
tion, and runoff amount. Fortunately, hydrograph 
shape is not extremely sensitive to any one of 
these factors, changing only slightly over a wide 
range of these factors, especially for extreme 
flood events. 

Comparisons of the final adjusted synthesized 
hydrographs to recorded streamflow hydrographs 
at U. S. Geological Survey stream gaging stations 
are  shown in Figures 70 and 71. The compari- 
sons between the recorded and the synthesized 
streamflow hydrographs indicate that the model 
simulated the stream behavior very well. 

Rainfall-Runoff Relationship: In order to synthe- 
size flood events resulting from excess rainfall, 
the flood simulation model must include some 
means of determining what portion of total rainfall 
will contribute to surface runoff. As already 
noted, empirical runoff curves have been devel- 
oped by the U. S. Soil Conservation Service for 
this purpose, based on soil type, soil cover, land 
treatment, and antecedent precipitation. These 
curves were evaluated and adjusted during the 

calibration procedure, based on the June 1940 
rainfall event. The adjusted runoff curve numbers 
may be used to determine runoff volumes for syn- 
thesized rainfall events. For the climatic and 
hydrologic conditions that prevail in the Milwaukee 
River watershed, these runoff curve numbers 
are  significant primarily for simulating summer 
events. Since the majority of flood events with 
recurrence intervals greater than 10 years result 
from snowmelt or snowmelt and rainfall, however, 
it may be assumed that the ground is frozen 
or  essentially saturated during major floods. 
Thus, runoff would be nearly uniform in depth 
over the watershed; and differences identified by 
runoff curve numbers would be eliminated. The 
most direct method of determining runoff volume 
of major flood events is from streamflow records. 
Volume-frequency analyses were made for the 
Milwaukee River and Cedar Creek, as described 
in Chapter VI of this volume, entitled rrHydrology." 
From these analyses it is possible to assign a 
frequency of occurrence to a specific runoff vol- 
ume. The analyses also show that runoff from a 
major flood occurs over a period of seven days on 
Cedar Creek at Cedarburg and over a period of 12 
days on the Milwaukee River at Estabrook Park. 

Development of Synthetic Floods 
After the flood simulation model was calibrated to 
duplicate measured flow characteristics of the 

Figure 70 

CALIBRATION OF FLOOD SIMULATION MODEL 
JUNE 21-23,1940 FLOOD HYDROGRAPH AT 

CEDAR CREEK GAGE MILWAUKEE RIVER WATERSHED 

JUNE 1940 

Source: Harza Engineering Company. 



Figure 71 
CAL I  BRATION OF FLOOD SIMULATION MODEL 

JUNE 2 1 - 23,1940 FLOOD HYDROGRAPH AT 
ESTABROOK PARK GAGE M l LWAUKEE RIVER WATERSHED 
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watershed, it then was used to develop synthetic 
flood hydrographs for the 10-year and 100-year 
flood recurrence intervals. These synthesized 
floods became the basis for the evaluation of the 
adequacy of existing water control facility struc- 
tures within the watershed, for the preliminary 
design and evaluation of proposed water control 
facility structures and management practices, and 
for the preparation of flood hazard maps for the 
application of land use controls. 

JUNE 1940 JULY 1 9 4 0  

Synthesis of Snowmelt and Snowmelt-Rainfall 
Floods (Maior Subwatersheds): The characteris- . " 

tics and magnitude of floods generated by melting 
snow vary with the physical properties of the 
watershed, the condition of the soil beneath the 
snow cover, the ra te  of snowmelt, and the volume 
of runoff produced by the snow cover. The influ- 
ence that the physical features of the watershed 
have on flood flows was described earlier in this 
chapter. The treatment of the other variables in 
the flood simulation is described below. Soils 
were assumed to be saturated or  frozen during the 
snowmelt period, and all hydrologic subareas 
were assigned a runoff curve number of 100 
(impervious soils) to adjust the model to these 

conditions. Historic spring flood events and 
weather records were investigated to determine a 
reasonable melt period and rate of snowmelt 
runoff. Melt potentials were established from 
data on the historic snowpack accumulations and 
temperature data for late March and early April 
by use of the following equation: 

where 

M = Potential snowrnelt in inches of water. 

K = A constant expressed in inches of snow- 
melt per degree-day that varies with wa- 
tershed and climatic conditions. A value 
of 0.08 was used for runoff events that 
were assumed to originate entirely from 
snowmelt. 

D = The number of degree-days. A degree- 
day is defined as an increment of one de- 
gree Farenheit in the range above 320F 
for a 24-hour period during which the av- 
erage temperature is above 320F. 



Maximum potential snowmelts were determined by 
a systematic search of the historic temperature 
records for the period from 1950 through 1968 in 
order to determine the number of degree-days that 
might be expected to occur within the watershed in 
a series of several days between March 15 and 
April 15 preceded by average temperatures be- 
low 320F. About one-half of these years contained 
105-hour periods with the total of 48 degree-days 
required to melt snow with a water equivalent of 
3.8 inches as  required for the 100-year recur- 
rence interval watershed flood event. There is, 
therefore, based on this analysis, an approxi- 
mately 50 percent probability in any year of having 
a 105-hour period between March 15 and April 15 
with the potential to melt snow in a quantity equiv- 
alent to the 100-year recurrence interval flood. 

U. S. Weather Bureau data8 were used to assess 
the likelihood of having sufficient snowpack in the 
watershed preceding and during the prime melt 
period. Historical snowpack data indicate that, 
from March 1 through March 31, there is a prob- 
ability of about 2 percent in any year that there 
will be a snow accumulation on the ground within 
the watershed with a water equivalent of 4.0 inches. 

Based on the above individual probabilities of 
sufficient snowmelt potential and adequate snow- 
pack, the combined, or joint, probability of the 
simultaneous occurrence of snowmelt potential 
and snowpack equivalent to the 100-year recur- 
rence interval flood volume is about 1 percent. 
This analysis demonstrates, therefore, that the 
100-year recurrence interval flood for the total 
Milwaukee River watershed could be entirely a 
snowmelt event. 

The 100-year flood on the Cedar Creek subwater- 
shed was synthesized by using combined snowmelt 
and rainfall distribution similar to those that 
occurred in 1959 and 1960. The runoff distribu- 
tions used to simulate the spring flood events are  
shown in Figures 72 and 73. The 10-year and 
100-year runoff distributions for the remaining 
major subwatersheds were derived by using the 
Cedar Creek distribution adjusted for the desired 
runoff volume. The distribution of runoff in the 
central reaches of the Milwaukee River from the 

8 U. S. Department of Commerce, Weather Bureau, Techni- 
cal Paper No. 50, Frequency of Maximum Water Equivalent 
of March Snow Cover in North Central United States, Wash- 
ington, D. C., 1964. 

East to the North Branches was assumed to be the 
average of the distributions for the total water- 
shed and for Cedar Creek. 

A s s i g n m e n t  o f  F lood Frequency: Frequency analy- 
ses  using the U. S. Geological Survey gaging 
records were made to determine the percent 

Figure 72 

RUNOFF DISTRIBUTIONS FOR 
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Source: Harza Engineering Company. 

Figure 73 

RUNOFF DISTRIBUTIONS FOR 
THE 10-YEAR AND 100-YEAR SNOWMELT 

RUNOFF EVENT FOR THE TOTAL 
MILWAUKEE RIVER WATERSHED 
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Source: Harza Engineering Company. 



chance of occurrence of instantaneous peak dis- 
charges and flood volumes for the Milwaukee 
River at Milwaukee and for Cedar Creek at 
C e d a r b ~ r g . ~  Results of these studies indicated 
that the flood data could be analyzed on an annual 
basis, since the spring and summer flood events 
were similar in both peak and volume. Also, i t  
was concluded that the results of the independent 
analyses of peak-stage frequency and flow-volume 
frequency could be used jointly for determining 
the magnitude of a specific major flood event. 
The depths of runoff for the 100-year event were 
determined to be 3. 8 inches for the Milwaukee 
River at Milwaukee and 5.3 inches for Cedar 
Creek at Cedarburg. These values were used as 
a guide in calculating the volume of runoff to be 
used in synthesizing floods from the other major 
drainage areas of the watershed. 

Depths of runoff and the drainage areas used in 
synthesizing floods with recurrence intervals of 
100 years for subwatersheds of the Milwaukee 
River watershed a re  listed in Table 105 and shown 
in Figure 74. The 10-year flood volume was found 
to be 2. 6 inches per unit area for both the Mil- 
waukee River and the Cedar Creek gage records. 
This 10-year volume of 2.6 inches was used to 
simulate the 10-year flood for all major sub- 
watersheds. 

Runoff intensities and durations were developed 
for the gaged Cedar Creek subwatershed and the 
gaged Milwaukee River watershed, based upon both 
volume and peak frequency analyses. The result- 
ing simulated flood hydrographs had peak dis- 

9 ~ e e  Chapter VI, Volume I ,  of this report. 

TABLE 1 0 5  

100-YEAR RECURRENCE INTERVAL 
FLOOD VOLUMES PER U N I T  AREA 

I N  THE MILWAUKEE R I V E R  WATERSHED 

charges nearly equal to the peak discharges 
expected from the discharge frequency analyses. 
Similar runoff-intensity and -duration patterns 
were used for the ungaged major subwatersheds. 
The appropriate 10-year and 100-year runoff vol- 
ume and the appropriate 10-year and 100-year 
peak discharges on the ungaged major subwater- 
sheds were defined by the flood simulation model 
using the appropriate runoff-intensity and -dura- 
tion pattern. 

SUBWATERSHED 

$ 6 5 7  BRANCH ....................... 
U E S T  BRANCb....................... 

C E C l R  CREEK ....................... 
N C R T H  ERPNCH ...................... 
C I L H A U K E E  R I V E R  AT CCNFLUENCE 

h I l H  NORTH BRANCk............... 

P I L W A U K E E  R I V E R  AT NORTH 
AVENUE D 4 M  ...................... 

D i s c u s s i o n  o f  t h e  1 0 - Y e a r  and 1 0 0 - Y e a r  F l o o d  

Sirnula tion: The results obtained by synthesizing 
the 10-year and 100-year recurrence interval 
floods for the total Milwaukee River watershed 
compared very well with measured historic flood 
hydrographs and recorded high water marks for 
floods of similar frequencies. Comparison of the 
results of the flood simulation and the expected 
values based on frequency analyses10 is shown in 
Table 106. The simulated hydrographs for these 
events a re  shown in Figures 75 and 76. Historic 
and simulated flood stages for the 10-year recur- 
rence interval total watershed flood a re  compared 
in Table 107. High water marks for the 1924 flood, 
a 77-year recurrence interval event, were used to 
assess the accuracy of the simulated stages for 
the 100-year event, as summarized in Table 108. 

Simulation of the 100-year flood event for the 
Cedar Creek subwatershed proved more difficult 
than was the case for the entire Milwaukee River 

D R A I N A G E  
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( S b .  M I . )  
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6 0 . 4  

1 2 6 . 8  
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Figure 74 
100-YEAR RECURRENCE INTERVAL RUNOFF DEPTHS 

FOR MAJOR SUBWATERSHEDS 
IN THE MILWAUKEE RIVER WATERSHED 

6 ,  

Source: Harza Engineering Company. SCURCE- HbRZA E N G I N E E R I N G  CCPPANY. 



watershed. Statistical frequency analyses, using 
a 35-year period of record, indicated a 100-year 
recurrence interval peak rate of discharge of 
7,200 cfs and a flood volume of 5.3 inches at the 
Cedar Creek gage. Several attempts were made 
to synthesize a 100-year discharge of 7,200 cfs. 
It was found that this discharge value could not 
be duplicated even by assuming a severe combined 
snowmelt and rainfall distribution. After sever a1 
trials were made to simulate the 100-year event, 
i t  was determined that the storage available in 
Jackson Marsh limited the peak-discharge values 
downstream. The most reasonable peak discharge 
simulated at the Cedar Creek gage was 6,310 cfs. 

This discharge is considered to be acceptable as  
the 100-year flood peak for the following reasons: 

1. The peak-frequency analysis is based on a 
35-year record, but the largest discharge 
of record, 3,600 cfs on March 30, 1960, 
represents a flood with an indicated recur- 
rence interval of only 14 years. Thus, 
considerable extrapolation is required to 
define an event with a recurrence interval 
of 100 years. 

2. The statistical analysis for peak discharge 
does not reflect the reduction of peak in 
the Jackson Marsh for floods greater than 
3,600 cfs, a 14-year recurrence interval 
flood. 

FREQUENCY ANALYSES 

100-YEAR 1 6 . 0 0 0  16.460 
10-YEAR 9 , 2 0 0  10,140 

S I  F U L A T E D  10- AND 100-Y EAR TOT AL 
MILWAUKEE R I V E R  WATE2SH€D RUNOFF 3. The difference between water surface ele- 

VOLUME AND P E A K  D I S C H A R G E  CCMPARED vations at the gage for the synthesized 
TO F R E Q U E N C Y  AfdALYS I S  VALUES event and for the event estimated by fre- 

quency analysis is acceptable. The water 
surface elevation, corresponding to the 
simulated 100-year flood peak of 6,310 cfs, 
is 808.7 feet above mean sea  level. The 
water surface elevation for a discharge of 
7,200 cfs is 809.2 feet, a difference of 

SOURCE- HARZA ENGINEERING COMPANY. only 0. 5 foot. 

Figure 75 
10-YEAR AND 100-YEAR RECURRENCE INTERVAL SNOWMELT FLOOD SIMULATION 

CEDAR CREEK AT CEDARBURG GAGE 

Source: Harza Engineering Company. 



Source: Harza Engineering Company. 

The simulated 10-year flood for the Cedar Creek 
subwatershed resulted in a peak discharge of 
3,450 cfs and a seven-day flood volume of 2.56 
inches at the gage. These values compare favor- 
ably to those expected from the frequency analy- 
ses,  with a peak discharge of 3,100 cfs and a flood 
volume of 2. 60 inches. 

Synthesis of Floods Produced by Rainfall (Minor 
Subwatersheds): Floods produced by rainfall were 
critical for the following minor subwatersheds : 
Silver Creek (West Bend Township), Silver Creek 
(Sherman Township), Lincoln Creek, and for the 
outlet channel from Crooked Lake. These floods 
were synthesized by using the 24-hour rainstorm 
distribution shown in Figure 77. 

Each of the four minor tributaries for which water 
surface profiles were determined was treated as 
an individual sub-basin in the overall watershed 
flood-flow simulation model. Generalized runoff 
hydrographs were computed for the watershed 
model, but there was no distribution of runoff 
within the sub-basin. It was necessary to make a 

flow distribution within each of the four minor 
tributary drainage areas before calculations of 
water surface levels were made. Because i t  was 
not intended that a large number of downstream 
routings be made on these small tributaries, 
however, it was considered impractical to com- 
puterize the downstream routing. Therefore, 
flood-routing studies were made manually for 
each of the four sub-basins. The resulting peak 
outflow and runoff distribution were used in the 
computerized backwater program to calculate the 
peak water surface profiles. 

Runoff Determination and Flood Routing: The run- 
off generated by rainfall was determined based on 
the following assumptions and procedures: 

1. The 100-year runoff would result from a 
rainfall or  series of rainfall bursts that 
would occur within one 24-hour period of a 
one- to two-day storm. Thus, a 24-hour 
pattern of rainfall could be determined 
based on information published in Techni- 
cal Publication 40 of the U. S. Weather 
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C C K P 4 R I S O N  O F  H I S T C R I C  196C F L U O D  S T A G E S  AND S I M U L A T E D  
1 0 - Y E A R  R t C U R K E h C E  I N T E R V A L  F L O O D  S T A L E S  

'THE 1960 F L O O D  P E A K  D I S C h A R G F  ( I F  y l , 3 0 0  C F S I  AS  M t A S U R E D  A T  T t i E  P I L W A U K F E  G A G k ,  
I S  A  1 0 - Y E A R  RECURRENCE I N T E R V A L  t L U D D .  H I G t -  WATL-tt M A 2 K S  FOR T H k  MARCH 2 9  TO 
A P R I L  LO, 1960 F L C C D  N E Q t  P A I h T E D  OY 2 1  B R I T I C E S  OVER THE f'AI i S T k k  OF T t i t  M I L -  
hAbKEE R I V E R  BETWEEN P I L d A U k E t  A L D  F R E C U N I A  L N  A P R I L  77 1 4 6 C  HY P k K S U N h E L  C F  
T H E  C H I C A G O  D I S T R I C T  O F F I C E  O F  T H t  U. 5. AgMY CORPS O F  E Y G I Y E E g S .  H A K Z A  AYD 
S E k R P C  P E R S C N N E L  W t R E  A B L t  T O  R E L Z C A T E  T H E  1 3  V I S T O K I C  H I L h  d A T E R  MARKS AP- 
P E A R I h G  I N  THE T A B L E  ANC C E T E R P I N E C  T H E I R  E L E V A T I O Y  R E F E R R E D  TG P L A N  SEA L t V E L  
DATUM, 

THERE I S  A  P O S S I B I L I T Y  T H A T  SORE K F C O K C L O  P I S T O S I C  h I G b  r 4 A T t R  P A R K S  ARE L O h E Q  
T H A N  THE P E A K  F L O C D  S T A G E S  TI -AT A C T U A L L Y  U C C L 4 K E D  RECACSE T l j t  F O U i l  CORPS OF 
E N G L N E E R S  F I E L D  OBSERVERS COULD N 2 T  S I M U L T A N E O U S L Y  M O N I T O q  THE C H A Y b I N G  H A T E R  
S U R F A C E  E L E V A T I U V S  AT A L L  2 1  C K I G I N A L  O R S E I ? V A T I O N  S T A T I O N S  A 3 D ,  T H E 2 k F O e i r  MAY 
H A V F  M I T S E D  T H L  P F A K  STAGE.  
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C C M P A R I S O h  O F  H I S T O R I C  1924 F L C O D  S T A G E S  A N D  S I M U L A T E D  
1 0 0 - Y E A R  R E C U K R E Y C E  I U T f  R V A L  F L O O D  S T A G E S  

'THE AUGUST 6 ,  1 9 2 4  FLCOD PEAK DISCHARGE OF 1 5 , 1 0 0  C F S  AS MEASURED A T  THE MILWAUKEE GAGE, I S  A 77-YEAR RECURRENCE 
I N T E R V A L  FLCOO. T H l S  H I S T O R I C  FLOOOt  ALTHOUCH NOT EQUAL I N  RECURRENCE I N T E R V A L ,  I S  THE BEST A V A I L A B L E  C R I T E R I O N  FOR 
E V A L U A T I O N  OF THE ACCURACY OF THE S I M U L A T E O  STAGES FOR THE LOO-YEAR RECURRENCE I N T E R V A L  FLCOO. THERE I S  GENERALLY 
VERY L I T T L E  D I F F E R E N C E  I N  PEAK STAGES A S S O C I A T E U  W I T H  FLOODS AS RARE AS THE 7 7 -  AND 100-YEAR EVENTS*  S I N C E  SUCH FLOODS 
OCCUPY THE FLOOOPLAINI  A WIDE FLOW P A T H  I N  W!-ICH S I G N I F I C A N T  A D D I T I O N A L  DISCHARGE I S  T Y P I C A L L Y  ACCOMMODATED W I T H  VERY 
L L T T L E  STAGE INCREASE. T H I S  EFFECT I S  I L L U S T R A T E D  B Y  THE STAGE-DISCHARGE CURVES FOR A T Y P I C A L  CHANNEL-FLOODPLAIN 
CROSS-SECTION AN0 FOR T H E  N&TH AVENUE DAM. SHOWN R E S P E C T I V E L Y  I N  F I G U R E S  6 3  AND 6 4 ,  WHICH SHOW STAGE D I F F E R E N C E S  OF 
L E S S  THAN 0.2 F E E T  BETWEEN THE 7 7 -  AND 100-YEAR RECURRENCE I N T E R V A L  PEAK FLOOO OISCHARGES-  

H I S T O R I C  PEAK F L O G 0  STAGES FOR T H E  LOWER MILWAUKEE R l V E R  FROM R I V E R  M I L E  6.91 THROUGH 10.09 WERE EXTRACTED FROM RECORDS 
OF T H E  C I T Y  OF MILWAUKEE,  BUREAU U F  ENGINEERING.  THAT BUREAU, UNDER S P E C I A L  PROJECT 1 3 3 ,  E S T A B L I S H E D  S T A F F  GAGES I N  
THE MILWAUKEE R I V E R  DURING THE WINTER OF 1 9 2 3 - 1 9 2 4  A N 0  SUBSEQUENTLY MADE D E T A I L E D  STAGE OBSERVATIONS OVER A TWELVE- 
DAY P E R I O D  D U R I N G  THE AUGUST 1 9 2 4  FLOOD. 

THE R E M A I N I N G  H I S T O R I C  FLOOD STAGES, A L L  LOCATED I N  OZAUKEE COUNTY, WERE ASSEMBLED FOR A W P I  PROJECT SPONSOREO BY THE 
H I S C O N S I N  P U B L I C  S E R V I C E  C O M M I S S I C N  BY MEANS OF R E S I D E N T  I N T E R V I E W S  CONOUCTEO B Y  PROJECT WORKERS I N  C O M B I N A T I O N  W I T H  
A G R I C U L T U R A L  ADJUSTPEhT A D P I N I S T R A T I O N  A E R I A L  PHOTOGRAPHS, AN0 HOUSE COUNTS AND E L E V A T I O N S  FROM W I S C O N S I N  P U B L I C  
S E R V I C E  C O P M I S S I O N  MAPS AND REPORTEO I N  THE MILWAUKEE R I V E R  B A S I N .  W I S C O N S I N  S T A T E  P L A N N I N G  BOAROI B U L L E T I N  NO. 1 0 9  
J U N E  1 9 4 0 .  THESE OZAUKEE COUNTY FLOOO STAGES ARE REFERRED TO I N  THE W I S C O N S I N  S T A T E  P L A N N I N G  BOAR0 REPORT AS ' H I G H  
WATER MARKS' AND, ALTHCULH NCT E X P L I C I T L Y  S T A T E D  THEREIN,  ARE PRESUMED TO BE A S S O C I A T E D  W I T H  THE TWO LARGEST FLOODS 
OF RECORDp THE AUGUST 1 9 2 4  FLOOO OR THE MARCH 1 9 1 8  FLOOD, THE L A T T E R  ALSO B E l N G  A 77-YEAR EVENT. 

H I S T O R I C  PEAK FLOOO STAGES FOR THAT P O R T I O N  OF THE MILWAUKEE R I V E R  I N  OZAUKEE COUNTY ARE NOT AS R E L I A B L E  AS THOSE 
D E R I V E D  FROM THE THOROUGH C l T Y  OF MILWAUKEE BUREAU OF E N G I N t E R I N G  STUDY BECAUSE THE FORMER ARE BASED I N  PART ON THE 
R E C C L L E C T I O N S  OF AREA R E S I D E N T S  AND ARE REPORTED ONLY TO THE NEAREST FOOT. 

b i ~ ~ - ~ ~ ~ ~  RECURRENCE INTERVAL FLOOC S T A G E  A S  COMPUTED WITH THE FLOOD-FLOW SIMULATICN MODEL. 

'THE LARGE D E V I A T I C N  BETWEEN H I S T O R I C  AND SIMULATEO FLOOD STAGES A T  THE PORT WASHINGTON ROAD B R I D G E  ( R I V E R  M I L E  6.91) 
AND THE C. 0 N.W. RR B R I O G E  [ R I V E R  M I L E  8 .12)  R E F L E C T S  THE E X T E N S I V E  CHANNEL M O D I F I C A T I O N  UNDERTAKEN BY THE C I T Y  OF 
MILWAUKEE S I N C E  THE 1 9 2 4  FLOOO I N  A 7 . 0 0 0  FOOT REACH P O R T I O N  OF THE LOWER MILWAUKEE R I V E R  THROUGH L I N C O L N  PARK OOWN- 
STREAM OF T H E  C. & N.W. RR BRIOGE AS REPORTEO I N  W I S C O N S I N  STATE P L A N N I N G  BOARD, B U L L E T I N  NO. 10 .  THESE CHANNEL 
M O D I F I C A T I O N S  C O N S I S T E D  OF A 1 9 3 5  WPA PROJECT D U R I N G  WHICH THAT P O R T I O N  OFF THE CHANNEL P A S S I N G  OVER A L I M E S T O N E  
R I D G E  WAS DEEPENED AN0 A PROJECT I N I T I A T E D  I N  1 9 3 7  DURING WHICH A NEW CHANNEL REACH WAS CUT W I T H I N  L I N C O L N  PARK SO 
AS TO BYPASS THE BULK OF FLOOO FLOW PAST TWO OX-BOW BENDS. 

ACCORDING TO THE AFOREMENTIONED B U L L E T I N .  THE C l T Y  OF MILWAUKEE E N G I N E E R ' S  O F F I C E  P R E D I C T E D  THAT I F  THE 1 9 2 4  FLOOD 
DISCHARGE OCCURRED I N  THE DEEPENED A N 0  S T R A I G H T E N E D  CHANNEL, THE CORRESPONDING PEAK STAGE WOULD B E  ABOUT F I V E  FEET 
BELOW THE 1 9 2 4  P t A K  STAGE THROUGH THE IMPROVED CHANNEL. WHICH APPROXIMATES THE D I F F E R E N C E S  A P P E A R I N G  I N  THE T A B L E  FOR 
THE C. L N.W. RR AN0 PORT WASHINLTON ROAO BRIDGES.  BECAUSE OF THE BACKWATER EFFECT.  CHANNFL M O D I F I C A T I O N  1'4 L I N C O L N  
PARK MAY PRODUCE A R E D U C T I O N  I N  FLOOD STAGES UPSTREAM OF THE C. & N.W. RR BRIDGE. P A R T I C U L A R L Y  AT S I L V E R  S P R I N G  O R I V E  
AND T n E  DDWNSTREAM RIVER BEND DESCRIBEC IN T ~ E  TABLE,  ANO THUS ACCOUNT FOR THE F A C T  T H ~ I  SIMULATED PEAK FLOOD STAGES 
AT THOSE TWO L O C A T I O N S  ARE, R E S P E C T I V E L Y t  2.8 A N 0  1.3 F E E T  BELOW THE 1 9 2 4  PEAK FLCCO STAGES. 

SOURCE- WISCONSIN S T A T E  PLANNING BOARD; CITY OF MILWAUKEE, BUREAU OF ENGINEERING; H A R Z A  ENGINEERING COMPANY; AND SEWRPC. 

Bureau1' and on hourly rainfall patterns 2. The portion of the 24-hour rainfall which 
observed during major storms in the vicin- effectively would contribute to the peak 
ity of the City of Milwaukee. runoff would be a three-hour burst of 3.5 

inches which would occur during the tenth 
to thirteenth hours of the storm; about 
0. 60 inch would contribute to initial infil- 

BRIDGE CR OTHER LOCATICN ON THE 
LOWER MILWAUKEE R I V E R  

PORT WASHINGTON ROAD BRIDGE.........................-.. 
C -  G N.H. RR BRIDGE.................................r.- 
S I L V E R  S P R I N G  D R I V E  BRIDGE............................. 
R I V E R  BEND NEAR THE l N T E R S E C T l O N  O F  R I V E R V I E W  D R I V E  

AND R I V E R  FOREST D R I V E  I N  THE C I T Y  OF GLENDALE........ 
BENDER ROAD BRIDGE..............-....................... 
I P M E D I A T E  V I C I N I T Y  CF K L E T Z S C h  PARK DAM................ 
OZAUKEE COUNTY - MILWAUKEE COUNTY LINE................. 
SOUTH BOUNDARY OF S E C T I O N  26, T9N. RZlE................ 
S T H  1 6 7  BRIDGE..,...................................... 
SOUTH BOUNDARY OF S E C T I O N  13, T9N. RZlE.........,.,.... 
C T H  M l O Z A U K E E  COUNTY)................................. 
SOUTH BOUNDARY OF S E C T I O N  1. T9N. RZlE................. 
C T H  T I O Z A U K E E  COUNTYI.................................. 
SOUTH BOUNDARY OF S E C T I O N  13.  T l O N .  R21E............... 
SOUTH BOUNDARY OF S E C T I O N  12. T l O N .  RZlE......,........ 
SOUTH BOUNDARY OF S E C T I O N  3 5 9  T l l N .  R21t............+.. 
STH 33 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SOUTH BOUNDARY OF S E C T I C N  2 4 ,  T l l N .  R21E........,...... 
SOUTH BOUNOARY OF S E C T I O N  1 4 9  T l l N ,  RZlE............,.. 
SOUTH BOUNDARY OF S E C T I O N  11, T l l N ,  R21E............... 
SOUTH BOUNDARY OF S E C T I O N  3 .  T l l N .  R21E................ 
SOUTH BOUNDARY OF SE'TION 34. T 1 2 N l  RZlE............... 

" U. S. Department of Commerce, Weather Bureau, Tech- tration requirements and the remainder 
nical Paper No. 40, Rainfall Frequency Atlas of the United would occur following the peak rainfall 
States, Washington, D. C., 1961. burst (see Figure 77).  - 
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LOCATION 
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6 .91  
8.12 
8.49 

9.03 
9.79 

10.09 
16 .15  
1 7 . 6 0  
18.83 
21 .11  
23.15 
24 .36  
2 8 - 0 1  
31 .15  
3 2 . 3 5  
35 .26  
36 .79  
38.00 
3 9 . 1 0  
40.42 
41.92 
43.02 

1 9 2 4  FLOOO 
STAGE' IFT. 
ABOVE M S L I  

6 2 2 . 0  
626 .9  
6 2 7 . 9  

6 2 9 . 0  
629 .9  
6 3 0 . 8  
6 5 3  
6 5 5  
6 5 8  
6 6 3  
6 6 3  
6 6 5  
6 8 1  
7 4 0  
7 4 7  
7 5 3  
7 5 5  
7 5 9  
7 6 3  
7 6 6  
7 7 2  
7 7 7  



Figure 77 
RAINFALL DISTRIBUTION FOR 10-YEAR AND100-YEAR 

RECURRENCE INTERVAL FLOOD EVENTS 
FOR MINOR TRIBUTARIES OF THE 
MILWAUKEE RIVER WATERSHEDa 

0 
0 4 B I2  16 2 0  2 4  

STORM DURATION IN HOURS 

a LINCOLN CREEK, SILVER CREEK (WEST BEND TOWNSHIP). SILVER CREEK 
(SHERMAN TOWNSHIP).ANDOUTLET CHANNEL FROM CROOKED LAKE. 

Source: Harza Engineering Company. 

3. Frequency could be assigned to the flood 
on the basis of the rainfall used to synthe- 
size the flood; that is, the 1 percent chance 
rainfall flood could be synthesized by 
assuming that 5.4 inches of rain would 
fall in 24 hours (1 percent chance, 24- 
hour rainfall amount), and the 10 percent 
chance rainfall flood could be synthesized 
by assuming that 3. 82 inches of rain would 
fall in 24 hours (10 percent chance, 24- 
hour rainfall amount). These values, which 
are  point rainfall amounts, would not be 
adjusted for reductions of rainfall intensi- 
ties that accompany increases in the areal 
extent of storms producing rainfall but, 
since the areas are  small, would cover the 
entire area of the subwatersheds. 

4. The subwatersheds would be divided into 
subareas for which unit hydrographs would 
be prepared. 

5. Hourly excess rainfall amounts would be 
applied to one hour unit hydrographs to 
prepare subarea runoff hydrographs. 

6. Levels for all lakes would be one foot 
above the invert o r  crest  elevation of their 
outlet control structures, when the last 
24 hours of rainfall commenced. 

7. The storage-indication procedure would 
be used to route the runoff hydrographs 
through lakes and ponds at structures. 

8. Storage along non-impounded reaches of 
the stream system would be insignifi- 
cant because of relatively steep channel 
slopes. Hydrographs corresponding to the 
upstream and downstream ends of such 
reaches would, therefore, be identical in 
shape, but with the downstream hydrograph 
shifted in time by an increment related 
to the length of the channel reach and to 
estimated channel velocities. 

Calcula t ion o f  Water Surface P r o f i l e s :  The routed 
runoff values were entered into the backwater 
program to determine water surf ace profiles. 
Backwater profiles were calculated beginning with 
10-year and 100-year flood levels in the streams 
to which the small subwatersheds a re  tributary. 
Channel sections were determined from informa- 
tion shown on sketches of structures prepared by 
the Commission and Alster & Associates; from 
drawings provided by the Office of the City Engi- 
neer of the City of Milwaukee; and from U. S. Geo- 
logical Survey, Villages of Brown Deer and River 
Hills, and SEWRPC topographic maps. 

Determination of flood flows and water levels for 
a given frequency flood using rainfall-frequency 
information is an uncertain process because of the 
many assumptions, such as time distribution of 
rainfall and antecedent moisture conditions, which 
must be made. The assumptions made, however, 
appeared to yield runoffs that were reasonable, as 
shown in Table 109. For example, the calculated 
100-year recurrence interval runoff for the Silver 
Creek subwatershed at West Bend is 3.6 inches, 
o r  67 percent of the 24-hour rainfall of 5.4 inches. 
This yield indicated a soil complex curve number 
of about 83. As indicated in the original list of 
soil complexes and runoff curve numbers (see 
Table 102), a runoff curve number of 83 is rea- 
sonable for the soils of sub-basin M-13 with the 
assumed antecedent moisture condition. Runoff 
records for the Milwaukee River watershed and 
Cedar Creek show that the 100-year recurrence 
interval flood yields about four and five inches of 



D E P T H  OF R U N O F F  FOR S E L E C T E E  M I Y O R  
T R l B U T A R l E S  OF THE M I L W A U K E E  R I V E R  

FOR THE 10- AND 100- Y E A R  
RECURRENCE I N T E R V A L  FLCCDS 

I 

I 

I CROOKED LAKE CREEK..-... 2.07 1 56 1 3 r * 4  1 
bb I 

MINOR TRIBUTARY 

I SILVER CREEK 
(WEST BEND TOYNSHIPI...  2 . M  1 59 1 3.60 1 67 1 

10-YEAR FLDDO 

S I L V E R  CREEK 1 ISHERMA* 101NSHIP1-... .  2.31 ( 6 3  3 -62  1 7 0  1 

LOO-YEAR FLOOD 

RUNOFF 
OEPTH 

I LINCOLN CREEK........... 2 .79  1 7* 4 - 2 7  8 0  1 
SOURCE- HARZA ENGINEERING COMPANY. 

PERCENT OF 
P R E C I P I T A T I O N  

runoff, respectively. These floods a re  of much 
longer duration and include floods originating 
from snowmelt. 

RUNOFF PERCENT OF 
DEPTH P R E C I P I T A T I O N  

The calculated peak runoff for Silver Creek (West 
Bend Township) was 1,135 cfs, o r  123 cfs per 
square mile (drainage area 9.2 square miles). 
These appear to be reasonable values, considering 
the large storage capacity in this small drainage 
area. It was estimated, based on peak-flow- 
frequency analyses, that the 100-year peak flows 
are  24 cfs per square mile for the Milwaukee 
River at Estabrook Park (drainage area 686 
square miles) and 60 cfs per square mile at the 
Cedar Creek stream gage (drainage area 121 
square miles). Without the storage effects of the 
lakes and channel ponds and the effect of a small, 
late, contributing drainage area, the unit runoff 
from the Silver Creek-West Bend drainage area 
probably would fall between 150 and 200 cfs per 
square mile. 

Regional Analysis 
One of the primary purposes of the hydrologic 
model is the generation qf peak flood-discharge- 
frequency relationships at dams, bridges, and 
other critical points throughout the entire stream 
system of the Milwaukee River watershed. Be- 
cause these discharge-frequency relationships are  
so important to the sound preparation of a com- 
prehensive watershed plan, a significant effort 
was devoted in the watershed study to the develop- 
ment of the flood-flow simulation model described 
in this chapter. The model was carefully cali- 
brated to simulate flood conditions actually expe- 
rienced during major historic floods, and peak 
flood-flow values developed by application of the 
model are  considered to be reliable for recur- 
rence intervals ranging from 10 to 100 years. 

The peak flood flows derived through application 
of the flood-flow simulation model were compared 
with similar flows derived through application of a 
regional flood estimation technique developed by 
the U. S. Geological survey.I2 This comparison 
was considered particularly important because 
both the Wisconsin Department of Transportation 
and the Wisconsin Department of Natural Re- 
sources make use of the regional flood analysis 
technique to determine flood frequency and dis- 
charge values for bridge and culvert design and 
for floodplain management purposes. 

The regional estimation technique was developed 
by the U. S. Geological Survey from analyses of 
actual stream discharge measurements from 
many stream gaging stations in Wisconsin. The 
data from these stations were analyzed and com- 
posite flood-frequency curves developed, which 
relate floods of various recurrence intervals to 
the mean annual flood. In addition, multiple cor- 
relation techniques were applied to the data in 
order to obtain a mathematical equation relating 
selected physical characteristics of a watershed 
to the mean annual flood flow. The watershed 
characteristics to which the mean annual flood 
flow was correlated included tributary drainage 
area, main channel slopes, and lake and reservoir 
surface area within the tributary watershed. By 
utilizing the composite flood-frequency curves and 
the mean annual flood-flow formula so derived, 
the peak flood discharges for various recurrence 
intervals can be estimated for drainage basins 
having an area of over 20 square miles in extent. 
The method is not intended to be applicable to the 
main stems of larger river systems, to highly 
regulated streams, o r  to urban watersheds. 

The mean annual flood formula applicable to the 
Milwaukee River watershed, as derived by the 
U. S. Geological Survey, is: 

where 

Q = mean annual flood flow (recurrence inter- 
val 2.33 years) in cubic feet per second. 

A = drainage area in square miles. 

' 2 ~  detailed description o f  the method is given in the USGS - 
publication, Floods in Wisconsin-Magnitude and Frequency, 
by D. W. Ericson, prepared in cooperation with the State 
Highway ~ommissioi  if Wisconsin. ( ~ ~ e n - f i l e  report. Madi- 
son, Wisconsin, 1961.) 



S = slope in feet per mile for channel reach 
located between 10 and 85 percent of the 
r iver mile distance from site under con- 
sideration to basin divide. 

L = lake and reservoir surface area as  per- 
cent of total drainage area + 0.50. 

G = dimensionless geographic factor which 
varies with location within southeastern 
Wisconsin from 0.90 to 1.2. 

The mean annual flood, a s  computed from the 
foregoing equation, is then related to a flood flow 
of specified recurrence interval by a composite 
flood-frequency curve, with appropriate adjust- 
ment for the size of the drainage area. 

The results of the comparisons of the applica- 
tion of the flood-flow simulation model and the 
regional flood analysis technique at 1 6  locations 
throughout the watershed are  summarized in 
Appendix I of this report. The peak discharge- 
frequency line, designated "Simulation Model1' 
on the comparative curves in Appendix I ,  was 
obtained by application of the flood simulation 
model, while the line designated I1USGS" was 
obtained by application of the regional flood anal- 
ysis method. In nearly every case, the latter 
values were found to be significantly lower than 
the hydrologic model would indicate, over a 
recurrence interval range of 10 to 50 years. In 
addition, the line on the comparative curves in 
Appendix I designated l'log-Pearsonll shows the 
results of discharge-frequency analyses made 
from measured streamflow data. These values 
were statistically computed using a log-Pearson 
Type III distribution for 51 years of record at the 
stream gage on the Milwaukee River at Estabrook 
Park in Milwaukee and for 35 years of record at 
the stream gage on Cedar Creek at Cedarburg. 

Significant differences between the flood-flow 
values derived from application of the simulation 
model and the regional flood analysis are  indi- 
cated for certain subwatersheds, including the 
Cedar Creek subwatershed. These differences 
a re  due in part to the physical characteristics 
peculiar to each of these individual subwater- 
sheds; and these peculiarities cannot be reflected 
in the relatively broad generalizations which must 
be made in application of the regional analyses but 
which can be reflected in the simulation model. 

The referenced U. S. Geological Survey report 
describing the derivation and application of the 
regional flood estimation technique lists the Cedar 
Creek mean annual flood, as derived from an 
analysis of the stream gaging records, as 1,420 
cfs. Calculation of the mean annual flood by the 
basin factors, however, yields a discharge of 
1,120 cfs, or  79 percent of the gaged value. Use 
of the basin factors listed for the Milwaukee River 
at Estabrook Park yields a discharge for the 
mean annual flood of 4, 600 cfs, essentially the 
same as the mean annual flood derived from the 
gaging records. Thus, flood-flow values developed 
by application to regional flood analysis can be 
used with more confidence to estimate flood flows 
in the lower reaches of the Milwaukee River 
watershed, with peak flows calculated by the 
regional flood analysis method ranging from 15 to 
30 percent below the values derived from applica- 
tion of the flood-flow simulation model. For other 
river reaches of the watershed, including Cedar 
Creek, the North Branch of the Milwaukee River, 
and the main stem of the Milwaukee River in the 
Campbellsport area and between West Bend and 
Newburg, application of the regional flood analysis 
method may be expected to yield peak flood flows 
which are  as  much as  50 percent below the values 
derived from application of the flood-flow simula- 
tion model. The simulation model permits con- 
sideration to be given to the effects on flood flows 
of more factors than do the regional flood 
analysis techniques, including variations in the 
capacity of channel reaches, soils, and land use. 

Effect of Human Activities on Runoff 
The flood-flow simulation model was constructed 
and calibrated on the basis of present hydrologic 
conditions in the watershed. One of i ts  principal 
functions, however, was to permit portrayal of 
the changes in river system performance which 
may be expected to occur with changing land use 
and water control facility development within the 
watershed. For this purpose components of the 
model were modified to reflect the land use devel- 
opment expected o r  the water control facility 
development proposed. 

Hydrologic Effects of Urbanization: A substantial 
increase in urban development in portions of the 
watershed is expected by 1990, the watershed plan 
design target date. An analysis of the effects of 
this urbanization on the performance of the river 
system of the watershed was made, utilizing the 
flood-flow simulation model and inputs derived 
from the adopted regional land use plan. The con- 



version of land from rural  to urban use has two 
major effects on the hydrologic regimen. The 
rainfall-runoff relationship is modified as a result 
of an increased amount of impervious area and a 
change in land use in the remaining pervious area. 
The time of concentration of the drainage area is 
modified as a result of decreased hydraulic fric- 
tion and improved drainage facilities. 

There a re  four areas in the watershed which a re  
presently devoted to primarily rura l  land uses and 
which may be expected to be devoted to primarily 
urban land uses by 1990: the upper reaches of 
Lincoln Creek, the Mequon area, the Cedarburg- 
Grafton Area, and the West Bend area. Even 
though the changes expected in these areas a r e  
large in terms of the amount of land to be con- 
verted from rura l  to urban use and in terms of the 
concomitant increases in these areas, the changes 
were found to hardly affect the flood flows and 
river stages of the Milwaukee River. 

The effects of urbanization on spring floods, as  
determined by analyses, were most pronounced in 
small drainage areas, as  represented by sub- 
basin inflow hydrographs. As shown in Table 110, 
peak discharges for hydrologic sub-basins were 
found to increase by almost 25 percent; however, 
most increases were in the range of 0 to 5 percent 
for the 14 sub-basins undergoing the most rapid 
urbanization. Significant increases in runoff were 
found only for sub-basins MM-2, LM-6, LM-8, 
and LM-10, which a re  located in the Mequon and 
West Bend areas of the watershed. 

The peak discharge of floods on the main stem of 
the Milwaukee River and Cedar Creek were 
essentially unaffected by changes in runoff from 
spring floods inurbanizing areas. This absence 
of effect results because flood flows are  large in 
the r iver system at the points of urbanization; 
and, therefore, changes in flow from sub-basins 
a r e  minor in comparison to total streamflow. 
Also, since the urbanizing areas a r e  located pri- 
marily in the downstream reaches of the water- 
shed, urbanization tends to contribute to early 
peaks in the downstream areas which precede the 
arrival of peak flows from upstream. Thus, in 
the Milwaukee River, the present and projected 
location and pattern of urbanization tends actually 
to reduce flood flows in the lower Milwaukee 
River by a small amount. 

For summer rainfall events, the change in rain- 
fall-runoff relationships accompanying urbaniza- 

tion was represented by changes in the runoff 
curve number assigned to the hydrologic sub- 
basins. The change was made to reflect both the 
anticipated increase in impervious area and the 
greater retention capability of soils under lawn 
cover, as  compared to agricultural uses. These 
two adjustments are,  to some degree, compensat- 
ing; but, in general, the net effect is to increase 
the volume of runoff from a given summer rainfall 
event. In the case of spring snowmelt and snow- 
melt-rainfall events, the ground was assumed to 
be frozen or saturated; and, therefore, a runoff 
curve number of 100 was used for all sub-basins. 

The change in drainage hydraulics accompanying 
urbanization was represented by a reduction in the 
time of concentration of the affected sub-basins. 
Time of concentration values were reduced in 
direct proportion to the ratio of assumed hydrau- 
lic friction of the drainage systems in urban and 
rura l  areas, a s  described earl ier  herein. The 
reduction in concentration time has the effect 
of shortening the time of tributary outflow and 
increasing peak discharge amounts from the trib- 
utaries for both spring and summer events. 

Floods for future (1 990) land use conditions were 
synthesized for snowmelt and snowmelt-rainfall 
events using the same rainfall amounts and snow- 
melt volumes that were used to develop flood 
flows for present land use conditions. The effects 
of urbanization on snowmelt and snowmelt-rainfall 
floods in the Milwaukee River were calculated to 
be minimal. Watershed-wide analyses were not 
made for summer events, a s  the 100-year sum- 
mer  rainfall resulted in a flood peak with an 
indicated recurrence interval of only about 20 to 
25 years on Cedar Creek. 

Effects of Structural Flood Control Facilities: 
Alternative structural water control facilities 
considered in the watershed plan design included 
dams and diversion channels. The effects of these 
works of improvement were determined by oper- 
ating the hydrologic model with the assumed plan 
element in place. Results of these studies a re  
described and discussed in Chapter IV, Vol- 
ume 2,  of this report. 

STREAM WATER QUALITY SIMULATION 

As already noted, the comprehensive watershed 
planning process required definitive howledge of 
present and probable future surface water quality 
conditions, a s  well as  of streamflows. The exist- 



E F F E C T S  OF U K B A N l L A l  I G N  ON 
R U N O F F  FOrZ THE 1 0 0 - Y E A R  T G T A L  w A T t K S t 1 E D  FLOCID E J E ~ T ~  

O T H E  CAUSATIVE P H E ~ G C C ~ C N  UTLLIZED IN THE FLOOD FLOW SIMULATION MODEL TO GENERATE THE l o o -  
YEAR RECURRENCE INTERVAL  TOTAL WATERSHED FLOCC EVENT WAS SNOWMELT. SUCH A FLOOD CCULD 
ALSC BE PRCDUCED BY AN ECUIVALENT C C V B I N A T I O h  OF SNOWMELT AND R A I N F A L L  COMMON I N  LATE  
k INTER-EARLY S P R I h G  FLCCCIhGv OR BY PN EQLJIVPLENT R A I N F A L L  ALONE AS LCNG AS THE GKCUND 
k A S  E I T P E R  FROZEN CR SATURATED* CCNCEIVABLY, AN EVEN GRE4TER R A I N F A L L  COULD PROCUCE SUCb 
A FLOOD I N  THE ABSENCE OF FROZEN GR SATURATEC GROLND CONDITIONS.  THE COMPARISONS I N  ThE  
TABLE, HCkEVER, DC NCT REFLECT FLCOGING FROM SUCH AN EVENT SINCE CONOIT IONS OF SATURATED 
C R  FRCZEh  GRCUNC MERE PSSUCEC I N  TPE MODEL APPL ICAT IO IJ ,  THAT I S ,  A L L  RUNOFF CURVE hUCBERS 
kERE SET AT 1 0 0 -  

b~~~ STREAP FLOWS, EXCEPT THCSE FOR SUB-BASIN C-9, ARE FOR THE M A I N  STEM OF THE MILWAUKEE 
RLVER AT THE P C I k T  CF SUB-€!ASIN INFLOW. T k E  STREAM FLOWS SHOWh FOR SLB-BASIk  C-9 ARE FCR 
CEDAR CREEK. DLSCHARGES APPEARING I N  T H I S  TABLE ARE THE PEAK VALUES THAT MERE CCMPUTED 
FCR THE VARIOUS LCCATICNS CURING S IMULAT ION C F  TI-E 100-YEAR RECURRENCE INTERVAL  TOTAL 
LATERSHED FLCCC EVENT, ThAT I S ,  TkE  SNOWMELT EVENT THAT PROOLCES A PEAK DISCHARGE AT THE 
P I L W U K E E  GAGE APPRGXICATELY EQUAL TO THE EXPECTEC 1CC-YEAR DISCHARGE BASED CN A FRE- 
CUENCY ANALYSIS  CF H ISTORZCAL  GAGE GATA. 

L C C A T I  ON 

THE 1 9 7 0  AkD 1 9 9 0  PEAK STREAP FLOhS SHOWN I N  T H I S  TABLF FOR CEDARBURG, k E S T  BEND, A h 0  
KEWASKUW ARE LESS THAh THE 100-YEPR RECURRENCE INTERVAL DISCHARGES AT THESE P O I N T S *  S l h C E  
THE LATTER WERE CBTAINED BY S I M U L A T I k G  FLCOC EVENTS ENCOMPASSING ONLY PORTIONS OF THE 
TCTAL kATERSHED, RATHER THbN THE TOTAL WATERSHED ITSELF.  S I M I L A R L Y ,  THE 1 9 7 0  AND 1 9 9 0  
RLNOFF DISCHARGES FOR SUB-BASINS L-1, C-9, MU-2, SW-1 AND UM-11 ARE LESS THAN THE 1 0 0 -  
YEAR RECURRENCE I h T E R V A L  VALUES AT THESE PGIhTS ,  S INCE THE DISCHARGES APPEARING I N  THE 
TABLE CORRESPGNC TC A TOTAL WATERShEC EVENT h H I L E  THE 100-YEAR VALUES FOR THESE SUB- 
B A S I N S  HERE OBTAINED BY SLCULATING AREAS SMALLER THAN THE TOTAL hATERSHED. 

AREA 

H I  LWAUKEE. 
MILWAUKEE* *,. 
GLENOALE 9 

R I V E R  H I L L S  
C BROWN DEER, 
FEGUCN--...., 
CECUfN,.....- 
HEGUCNo..* - - *  
CEDARBURG. . 
GRAFTCho-o.., 
SAtKVLLLEo... 
SACKVILLE..,. 
FREDCM I A*. 0 . 
hEST BEND.... 
k E S T  BEND.... 
KEhASKLM..... 

SOCRCE- HARZA ENGINEERIkG  CCYPANY AND SEWRPC. 

SUB-BAS IN  RUNOFF^ 

SUB-BASIN 

LC-11  
L- 1 

LC- 10 
LC-8 
L C-6 
LP -7  

C-9 
L P-5 
LC-4 
LC-3 
1°C-2 
PC-2 
SW-1 
UM-11 

ing water quality conditions within the Milwaukee 
River watershed are described in Chapter IX of 
this volume entitled, "Surface Water Quality and 
Pollution." Future water quality conditions can 
be expected to differ significantly from present 
conditions as  a result of either the adverse 
effect that continued urban development within the 
watershed will have on water quality or  the desir- 

STREAM  FLOW^ 

able effect that implementation of a sound water 
quality management and pollution abatement plan 
may have on water quality. Therefore, it was 
necessary to develop a method for forecasting 
probable future water quality conditions which 
considered the location, quantity, and quality of 
treated waste water effluent discharges to the 
stream under future land use and water quality 

PERCENT 
CHANGE 

0.0 
0.0 

23.4 
2 3 - 2  
15.0 

0.0 
-0.7 
5.2 

-0.1 
0.0 
0.1 

2 30 8 
2.5 
2.2 

PEAK DISCHARGE ( C F S )  

PERCENT 
CHANGE 

-1.1 
-1.1 

-1 - 0  
-1.2 
-1.0 
-1.0 

0.5 
-0.3 
-0.3 
-0.4 
-0.5 
-0.3 
-0.3 
-0.5 

PEAK DISCHARGE I C F S )  

1 9 7 0  
CCNCIT IONS 

5 9 5  
8 0 7  

7 3 4  
3 4 8  
4 8 7  
4 0 7  
2 8 9  
1 9 2  
4 8 2  
5 3 6  
3 8 5  
2 1 0  
3 2 0  
3 1 5  

1 9 7 0  
CONDIT IONS 

16 ,683  
16 ,452  

1 6 , 1 4 1  
1 5  r 8 2 3  
1 6 , 7 6 2  
1 5 , 6 6 9  

3 ,621  
11 .893  
11 ,850  
11 ,616 
1 1 , 3 0 2  

6 , 0 4 3  
5 , 8 9 0  
4 ,633 

1 9 9 0  
CONDIT IONS 

5 9 5  
8 0 7  

9 0 6  
4 2 9  
50C 
4C 8 
2 7 0  
2C2  
4 7 5  
5 3 8  
3 8 8 
2 0 0  
3 2 8  
3 2 2  

1 9 9 0  
CONDIT IONS 

16 ,492  
1 6 , 2 7 1  

1 5 , 9 7 9  
15 ,633 
15 ,605  
15 ,520 

3 , 6 3 8  
1 1 , 8 5 8  
11 ,818  
11 ,573  
11 ,249  

6 ,023 
5 ,875  
4 , 6 1 1  



control facility development conditions, as  well 
as the natural waste assimilation capacities of the 
streams. Ideally, it would be desirable to observe 
the actual performance of the r iver system under 
various conditions of waste loading, flow, and 
temperature variation. Since this is not possible, 
a mathematical model must be used to simulate 
river performance. 

Description of the Organic Pollution Model 
for the Milwaukee Stream System 
A mathematical model was accordingly developed 
to simulate the ability of the streams in the Mil- 
waukee River watershed to assimilate waste dis- 
charges under various types and degrees of waste 
treatment and various locations of waste dis- 
charges. The major parameters selected for use 
in the model to describe water quality conditions 
were dissolved oxygen (DO), biochemical oxygen 
demand (BOD), and temperature. These para- 
meters describe well the overall level of the 
water quality and permit this quality to be related 
to the water use objectives and standards formu- 
lated as  part of the watershed planning process. 
The mathematical model was constructed using 
established relationships between these para- 
meters and physical conditions in the stream 
channel system. The input to the model is actual 
water quality conditions in the r iver system, as  
determined by field surveys. The model was pro- 
grammed for use on an IBM-1130 computer. A 
general flow diagram of the model i s  shown in 
Figure 78. The complete Fortran computer pro- 
gram used to perform the calculations in the 
model is described in SEWRPC Milwaukee River 
Watershed Study Planning Memorandum No. 4 l3 

and is on file with the Commission. The com- 
puter program was used for modeling conditions 
along the main stem of the Milwaukee River from 
Campbellsport to West Bend and from West Bend 
to the North Avenue Dam; along Cedar Creek from 
Jackson to the confluence with the main stem of 
the Milwaukee River; along Silver Creek from 
Random Lake to its confluence with the North 
Branch of the Milwaukee River; and along the 
unnamed tributary from Adell to its confluence 
with the North Branch of the Milwaukee River. 

The basic relationship used in the model for 
determining the dissolved oxygen concentrations 

' see Milwaukee River Watershed Study Planning Memo- 
randum No. 4, Surface Water Quality Simulation, prepared by 
Harza Engineering Company for the Southeastern Wisconsin 
Regional Planning Commission, June 1969. 

in a given stream reach is the Streeter-Phelps" 
equation, as modified by  cam^,'^ DobbinsJ6 and 
O'C~nnor. '~ The Streeter-Phelps equation has 
long been a standard analytical aid in water pol- 
lution studies. The modified equation incorporates 
several additional factors that permit a better 
evaluation of the actual performance of the r iver 
system with regard to water quality conditions. 
The modified equation used in the model may be 
written as follows: 

where: 

B(x) = 1 for constant flow in a reach. 

B(x) = (1 + qx)-l 
for linearly increasing flow in 
a reach. 

Z(x) = x for constant flow and constant 
cross-sectional area. 

14 H. W. Streeter and E. B. Phelps, U. S. Public Health Serv- 
ice Bulletin 146, A Study of the Pollution and Natural Purzfi- 
cation of the Ohio River, Part 114 1925. 

'9 R. Camp, Water and Its Impurities, Reinhold Publishing 
Company, New York, New York, 1963. 

l6 W. E. Dobbins, "BOD and Oxygen Relationships in 
Streams," Journal of the Sanitary Engineering D i v i s i o ~  
American Society of Civil Engineers, Vol. 90, No. SA3, June 
1964. 

170. J. O'Connor, "The Temporal and Spatial Distribution 
of Dissolved Oxygen in Streams," Water Resources Research, 
Vol. 3, No. 1, 1967. 



Uo = velocity at the beginning of a reach in 
miles per day. 

for constant flow and linearly in- 
creasing cross-sectional area. 

ln(1 + qx) z (x) = 
4 

for linearly increasing flow and 
constant cross-sectional area. 

for linearly increasing flow and 
linearly increasing cross-sectional 
area. 

and where: 

D = dissolved oxygen deficit at a location 
x distance downstream from the start  
of a reach in mg/l. 

Do = dissolved oxygen deficit at the begin- 
ning of a reach in mg/l. 

e = natural logarithm base. 

Ka = reaeration ra te  constant in days-l. 

Kd = deoxygenation rate constant due to 
carbonaceous BOD in days-l. 

= rate constant for nitrogenous oxygen 
demand in days-l. 

K, = total rate constant for carbonaceous 
BOD removal in days-l. 

La = rate of addition of BOD from nonpoint 
sources in mg/l/day. 

Lo = BOD concentration at the beginning of 
a reach in mg/l. 

No = Nitrogenous oxygen-demand concen- 
tration at the beginning of a reach 
in mg/l. 

q = coefficient characteristic of the shape 
and size of the drainage area in 
milesw1. 

U = average velocity in a stream reach in 
miles per day. 

x = distance downstream from the begin- 
ning of a reach in miles. 

xo = distance from a hypothetical origin to 
the beginning of a reach in miles. 

These equations are  used in the model to calculate 
the dissolved oxygen deficit at any point in the 
stream system, exclusive of the effects of photo- 
synthesis and plant respiration, at any time of the 
day. The carbonaceous and nitrogenous oxygen 
demands in each reach were computed using the 
following equations : 

La -Jr Z(x) La 
(2) L = B(x) (Lo -) e 

Kr 
+- 
TZ. 

in which L and N are, respectively, the carbona- 
ceous and nitrogenous oxygen demands expressed 
in mg/l, at x distance downstream from the begin- 
ning of the reach; and all other factors and terms 
are as defined above. 

In application, the water quality simulation is 
begun just upstream from a major waste dis- 
charge to the stream. The upstream conditions, 
including streamf low, dissolved oxygen content 
(DO), carbonaceous and nitrogenous biochemical 
oxygen demand (BOD), and temperature, are 
entered into the model. The initial conditions for 
the beginning of the reach a re  determined in the 
model by adding the DO, BOD, and flow of the 
waste input at the beginning to the amounts 
already present in the stream. The DO and BOD 
levels at various locations throughout the reach 
are  then computed in the model by application of 
the equations previously described. At the end of 
the reach, a check is made to determine whether 
o r  not the reach ends at a dam. If there is a dam, 
the DO on the downstream side of the dam i s  
adjusted to reflect the effects of flow over the 
dam. If there is no dam, no adjustment is made. 
The starting values of DO, BOD, and flow are  
then computed for the next reach by adding any 
DO, BOD, and flow from a waste discharge o r  
tributary stream to the amounts present in the 
stream, as computed from the previous reach. 
These new values then serve as the initial condi- 
tions for computing DO and BOD levels throughout 



Figure 78 

GENERALIZED FLOW DIAGRAM FOR WATER QUALITY MODEL 

. 
Begin 

I 
Define variables 

I 
Collect and analyze physical stream data 

1 
Read initial conditions, reach constants, 

and tributary input data 

I 
Set time 

Compute starting values of Biochemical 
Oxygen Demand, Nitrogenous Oxygen Demand, and 

Dissolved Oxygen; saturation Dissolved Oxygen; 
Discharge and velocity; reach length 

I 
Adjust rate constants tream temperature 

Move to a location x distance downstream 

I 
Calculate Z(x), B(x), area, discharge, velocity, 

F1, and Fn at present location 
I 

Calculate DO deficit and DO 

I 
Repeat calculations for each x distance 

to the end of the reach 

I 
At end of reach, check for dam. Adjust 

DO if reach ends at a dam 

I 
Calculate BOD and NOD at end of reach 

I 
Repeat calculations for all reaches in 

the system 

I 
End 

Source: Harza Engineering Company. 

this reach. The same procedure is followed for 
all reaches in the stream system. Reaches are  
established between carefully selected points on 
the stream system, such as points of significant 
change in slope or  cross-sectional area, and 
points of major waste o r  tributary flow inputs. 

Calibration of the Model 
Since general theoretical and general empirical 
relationships were used to develop the water 

quality model, it was necessary to calibrate the 
model to the specific characteristics of the Mil- 
waukee River system. This involved the determi- 
nation of the constants in the equations previously 
described from stream water quality data obtained 
by the Commission, the Harza Engineering Com- 
pany, the Milwaukee-Metropolitan Sewerage Com- 
missions, and the Wisconsin Departmentof Natural 
Resources in field surveys. The field surveys are  
described in greater detail in SEWRPC Milwaukee 



River Watershed Study Memorandum No. 1." 
Data collected during these surveys included 
information on the physical characteristics of the 
stream channels, dissolved oxygen, biochemical 
oxygen demand, and temperature conditions in the 
river system during the critical summer period 
and on streamflow conditions in the system. Data 
on major waste sources within the watershed were 
obtained from records of the Wisconsin Depart- 
ment of Natural Resources. 

The value of the carbonaceous biochemical oxygen 
demand degradation rate constant, K1, was deter- 
mined from an analysis of the results of long- 
term biochemical oxygen demand tests, with 
suppression of nitrification, that were conducted 
for river water samples obtained at three loca- 
tions along the river system. The analysis was 
performed by the graphical method.19 The value 
of the deoxygenation rate constant due to carbona- 
ceous BOD, Kd, was set equal to the BOD degra- 
dation rate, K1. The rate constant for degradation 
of nitrogenous oxygen demand, Q, was deter- 
mined in a similar fashion by analysis of the 
results of long-term BOD tests without suppres- 
sion of nitrification. The K, values determined 
by this method were checked by an independent 
determination of using nitrogen data obtained 
during the water quality sampling surveys. A plot 
was made of the ammonia nitrogen loading at sev- 
eral points in the stream system versus the time 
of travel between these points. The slope of the 
line of best fit was taken as the rate constant, Kn. 
A similar procedure was used to determine the 
carbonaceous BOD removal rate, Kr. The BOD 
loading at various points along the stream was 
plotted versus the time of travel between these 
points. The slope of the line of best fit was taken 
as the rate constant, KT. The BOD removal due 
to sedimentation and/or volatilization, K3, was 
determined from the difference between Kr and K1 
wherever Kr was greater than K1. 

The value of the reaeration rate, Kay was deter- 
mined from O'Connorls empirical equation relat- 
ing the reaeration constant to stream velocity and 
stream depth: 

"see Milwaukee River Watershed Study Planning Memoran- 
dum No. I ,  Evaluation of a Water Quality Field Survey Con- 
ducted on the Milwaukee River During 1968, prepared by 
Harza Engineering Company for the Southeastern Wisconsin 
Regional Planning Commission, January 1969. 

1 9 ~ .  A. Thomas, Jr., "Graphical Determination of BOD 
Curve Constants," Water and Sewage Works, Vol. 97, 
1950. 

where: 

Ka = Reaeration constant at 20°C in days-'. 

U = average stream velocity in feet per 
second. 

H = average stream depth in feet. 

The average stream velocity for each reach in the 
river system was determined by the use of Man- 
ning's equation. This equation was solved utilizing 
slope and cross-sectional information obtained 
from the Commission and the U. S. Army Corps 
of Engineers, supplemented by additional cross- 
section information, estimates of channel friction 
factor, and flow information obtained by the Harza 
Engineering Company. Average stream depths 
in each reach were estimated from the cross- 
sectional data  Average stream velocity and depth 
data were then used in the equation described 
above to solve for the reaeration constant, Ka. 
The coefficient, q, for the characteristic shape 
and size of the drainage area, was determined 
from a plot of drainage area versus distance along 
the stream system. The slope of the line of best 
fit, divided by the initial drainage area at the 
beginning of each reach, was taken as the coeffi- 
cient, q, for the reach. Utilizing the values 
determined for the constants described above and 
the BOD data available from the stream water 
quality surveys, equation (2) was solved for the 
rate of addition of BOD from nonpoint sources, 
La. For any reaches in which Kr was greater 
than K1, La was set equal to zero. 

An additional factor that is not present in any of 
the preceding equations but which was used in 
calibrating the model is an adjustment in the dis- 
solved oxygen content due to flow over a dam. 
The change in dissolved oxygen content due to flow 
over a dam was modeled according to the equation: 

where: 

Dd = dissolved oxygen deficit downstream from 
the dam in mg/l. 

% = dissolved oxygen deficit upstream from 
the dam in mg/l. 



C1 = coefficient of adjustment if Du is negative. 

C2 = coefficient of adjustment if DU is positive. 

The value of the coefficient C was determined by 
solving the above equation using field measure- 
ments of DO taken above and below six dams in 
the watershed at three-hour intervals during the 
1968 water quality sampling program. These 
values are  used in the model for those reaches 
that ended at a dam. For reaches not ending at a 
dam, the value of C was set equal to 1.00. 
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The procedures described above resulted in the 
determination of a set  of constants that describe 
the performance of the river system with regard 
to water quality conditions. The values of all 
of the temperature-dependent input constants to 
the mathematical model were adjusted to 20°c 

(68OF). The temperature-dependent variables 
were adjusted in the computer program if tem- 
peratures other than 20°c were assumed for con- 
ditions of study. The final input values used in 
the water quality model a re  presented in Table 
111. The solid lines in Figures 79 and 80 indi- 
cate the results of final calibration of the model 
for two of the sections of the main stem of the 
Milwaukee River in which diurnal dissolved oxy- 
gen data were available. The lower dashed line 
in each figure represents the measured DO for 
the early morning hours, which is generally the 
time of lowest DO, and the upper dashed line 
represents measured DO for the mid-afternoon 
hours, which is the time of highest DO. The 
points plotted on these figures are  the actual DO 
concentrations for the early morning and mid- 
afternoon hours, as measured over a period of 
three days during the 1968 summer sampling pro- 

T A B L E  111 

OALL VALUES WERE DETERMINED FOR LOW FLOW CONDITIONS STANDARDIZED TO 20°C. 

SOURCE- HARZA ENGINEERING COMPANY. 

q 

0.00854 
0.00800 
0.00795 
0.00794 
0.00810 
0.00805 
0.00798 
0.00789 
0.00845 
0.00022 
0.00022 
0.00022 
0.00022 
0.00309 
0.00329 
0.00435 
0.00435 
0.00079 
0.00077 
0.00062 
0.00062 
0.00071 

0.02410 
0.01040 
0.01590 
0.05310 
0.00680 

0.11000 
0.01340 
0.00960 

0.52500 

0.11700 

REACH 

MILWAUKEE RIVER 
WEST BEN0 STP TO NEWBURG BACKWATER..... 
NEWBURG BACKWATER TO NEWBURG DAM. ...... 
NEWBURG DAM TO NEWBURG STP............. 
NEWBURG STP TO NORTH BRANCH............ 
NORTH BRANCH TO WAUBEKA BACKHATtR...... 
WAUBEKA BACKWATER TO WAUBEKA DAM....... 
WAUBEKAOAMTOFREOONIASTP. . . . . . . . . . . .  
FREDONIA STP TO SAUKVILLE STP .......... 
SAUKVILLE STP TO GRAFTON BACKWATER..... 
GRAFTON BACKWATERTOGRAFTON DAM..,.... 
GRAFTON DAM TO CHAIR FACTORY DAM....... 
CHAIR FACTORY OAM TO LIME K ILN  DAM..... 
LIME KILN DAM TO CEDAR CREEK ........... 
CEDAR CREEK TO THIENSVILLE BACKWATER... 
THIENSVILLE IMPOUNOMENT................ 
THIENSVILLEOAM TOtHIENSVlLLESTP..... 
THIENSVILLE STP TO LAC OU COEUR STP.... 
LAC DU COEUR STP TO KLETZSCH PARK DAM.. 
KLETZSCH PARK DAM TO LINCOLN. CREEK..... 
LINCOLN CREEK TO ESTABROOK PdRK DAM.... 
ESTABROOK PARK OAM TO CAPITOL DRIVE.... 
CAPITOL DRIVE TO NORTH AVENUE DAM ...... 

UPPER MILWAUKEE RIVER 
CAMPBELLSPORT STPTOLAKE 15 CREEK..... 
LAKE 15 CREEK TO WEST BRANCH... .. ...... 
WEST BRANCHTOKEWASKUM STP............ 
KEWASKUM STP TO EAST BRANCH .... . ....... 
EAST BRANCH TO YOUNG AMERICA DAM....... 

CEDAR CREEK 
JACKSON STP TO HORNS CORNERS.. ... ...... 
CEDARBURG STPTOHAMILTONOAM. . . . . . . . . .  
HAMILTON DAM TO MILWAUKEE RIVER ........ 

ADELL TRIBUTARY 
ADELL STP TO NORTH BRANCH............, 

SILVER CREEK (SHERMAN TOWNSHIP) 
RANDOM LAKE STP TO NORTH BRANCH........ 

K3 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 

0.00 

c1 

1.00 
0.40 
1.00 
1.00 
1.00 
0.10 
1.00 
1.00 
1.00 
0.20 
0.20 
0.20 
1.00 
1.00 
0.20 
1.00 
1.00 
1.00 
1.00 
0.10 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
0.25 
1.00 

1.00 

1.00 

La 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.25 
1.00 
1.00 
0.25 
0.25 
0.25 
1.00 
1.00 
0.25 
1.00 
1.60 
1.60 
1.60 
0.50 
0.50 
0.10 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 

0.00 

Ka 

3.80 
0.52 

14.00 
4.30 
4.00 
0.58 
0.73 
9.00 
5.10 
0.64 
0.55 
1.20 
6.80 
5.10 
0.53 
4.60 
4.70 
3.40 
4.90 
0.55 
3.70 
0.34 

3.50 
5.00 
2.00 
2.30 
1.70 

2.70 
2.80 
7.60 

5.80 

4.40 

c2 

1.00 
0.70 
1-00  
1.00 
1.00 
0.25 
1.00 
1.00 
1.00 
0.40 
0.40 
0.20 
1.00 
1.00 
0.40 
1.00 
1.00 
1.00 
1.00 
0.25 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
0.50 
1.00 

1.00 

1.00 

Kd 

0.26 
0.26 
0.26 
0.26 
0.21 
0.21 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 

0.26 
0.26 
0.26 
0.26 
0.26 

0.26 
0.26 
0.26 

0.26 

0.20 

Kn 

0.70 
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Figure 79 
CALIBRATION OF STREAM WATER QUALITY 
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Figure 80 
CALIBRATION OF STREAM WATER QUALITY 
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SATURATION LEVEL 8.7 MG/L.  

Source: Harza Engineering Company. 

gram. Figures 79 and 80 show the large diurnal 
fluctuation of DO due to algal activity. Algal 
effects were not included in the mathematical 
model since future algal activity cannot be quanti- 
tatively forecast with reliability. The computed 
DO levels from the model check reasonably well 
with the measured values downstream from dams. 
The fall over the dam reduces the algal effect by 
increasing the DO level during periods of algal 
respiration or  reducing the DO level during 
periods when the process of photosynthesis is 
taking .place. 

The values of the constants obtained by the above 
procedures, as shown in Table 111, are  based on 
the water quality data and measurements available 
for the Milwaukee River system and reflect the 
actual purification performance of the streams 
to the extent that the available data accurately 
describe this performance. The model, as pres- 
ently calibrated, is applicable to summer and fall 
low-flow conditions which a re  of primary concern 
for future oxygen demand forecasting. The model 
would have to be modified to be used for winter 
ice-covered conditions or  high-f low conditions, 

Source: Harza Engineering Company. 

such as occur during the spring runoff o r  during 
summer flood events. As stream sampling sur- 
veys are  carried out in future years, the data 
obtained can be used to further refine the values 
used in the model to determine future low 
flow conditions. 

Development of Svnthesized Profiles 
Input: In order to use the water quality model, i t  
is necessary to provide certain input data to the 
computer program. These data consist of the 
initial stream conditions at the beginning of the 
f irst  reach, the quality and quantity of all tribu- 
tary inflows and waste discharges, the location of 
the beginning and end of each reach and the cross- 
sectional area in each reach, the location of all 
dams within the stream section being modeled, 
and the calibration constants for each reach. 

Initial Conditions: Water quality conditions at the 
beginning of the f irst  reach and for all tributary 
stream inflows were determined from data col- 
lected during water quality surveys conducted 
within the Milwaukee River watershed. Stream- 
flows in each reach were based on tributary 
drainage areas and on a seven-day low flow, as 
determined from an analysis of the most recent 
10 years (1958-1967) of streamflow records for 



the Milwaukee River at Estabrook Park in Mil- 
waukee. This analysis was performed using low- 
flow data only for the months of July and August 
since critical conditions with respect to the dis- 
solved oxygen content of the streams normally 
occur during these two months. Estimates of the 
seven-day low flow at various locations in the 
Milwaukee River system are  shown in Table 112. 

TABLE 112 

D E S I G N  LOW STREAV FLOW 
AT SELECTED LOCATICNS I N  

THE MILWAUKEE RIVER WATERSHEDO 

SCURCE- HARZA E N G I N E E R I N G  CCMPANY. 

L O C A T I O N  

MELWAUKEE R I V E R  
AT CAMPBELLSPORT....................... 
AT KEUASKUM...........,................ 
AT WEST BEND........................... 
AT NEWBURG.......................,.... 
AT FREDONlA.............--............. 
AT SAUKVILLE........ ................... 
AT GRAFTCN..............---............ 
AT THIENSVILLE............*............ 
AT ESTABRCOK PARK...................... 

E b S T  BRANCH AT MILWAUKEE RIVER............... 
NCRTH BRANCH AT MILWAUKEE RIVER-.....,....... 
C I C A R  CRBEK 

AT JACKSON............................. 
AT S T H  6 0  UPSTREAM FROM CEDARBURG...... 
AT CEOARBURG STP..................-.... 
AT MILWAUKEE RIVER..................... 

L I N C O L N  CREEK AT MILWAUKEE RIVtR............. 

Waste Discharges: Information on the quantity and 
quality of wastes discharged to surface waters in 

FLCW (CFSI 

1.8 
5 .3  
8.4 
9.0 

1 5 . 2  
1 5 . 8  
1 6 . 6  
22.4 
24 .5  

1 . 8  
5.3 

1.9 
4.3 
4.4 
4.7 
0 . 7  

the Milwaukee River watershed was obtained from 

oBAS6D C N  THE LOWEST AVERAGE FLOW OCCURRING O L R l N G  A SEVEN 
C C N S E C U T I V E  OAY P E R I O D  I N  THE L A S T  TEN YEARS ( 1 1 6 0 - 1 9 6 9 ) .  
6 X C L U S I U E  OF ALL SEWAGE TREATMENT PLANT OR I h D U S I R I A L  
m d s r e  W A T E R  FLOWS. THIS FLOW MUST BE USED ~h EVALUATING 
C C C P L I A N C E  W I T H  S T A T E - E S T A B L I S H E D  WATER Q U A L I T Y  STAND- 
ARDS. F L O k  I N P U T S  AT WASTE k A T E R  DISCHARGE P O I N T S  MUST 
BE ACCOUNTED FOR I N  O P E R d T I N G  THE MODEL. 

the Commission, the Wisconsin Department of 
Natural Resources, and the Federal Water Pollu- 
tion Control Administration. This information 
consisted of average sewage flows and estimates 
of the biochemical oxygen demand loading dis- 
charged to the stream. Variable assumptions 
were made as to the average dissolved oxygen 
concentration and the nitrogenous oxygen demand 
of the effluents. This information, together with 
sewage flows and biochemical oxygen demand 
loadings developed for future conditions in the 
watershed, was utilized in the water quality model 
as the basic source of data for forecasting 
the effects of the major waste discharges on 
water quality. 

The location of the beginning and end of each 
reach, in terms of distance from a preselected 
point, and the locations of all dams in each 
stream section were determined utilizing 1" = 400' 

scale aerial photographs of the watershed. The 
average area of flow in each reach was deter- 
mined from measured channel sections. The 
values of the calibration constants for each reach 
were determined as described previously. 

Output from the Model: The output from the water 
quality model consists of the forecast water 
quality conditions in the Milwaukee River system 
corresponding to the input conditions in terms of 
the quantity, quality, and location of waste dis- 
charges. The output includes the dissolved oxygen 
concentrations at various locations in each reach, 
the carbonaceous and nitrogenous biochemical 
oxygen demand concentrations at the beginning and 
end of each reach, the initial streamflow and the 
amount of tributary flow added, and the amount 
of biochemical oxygen demand added in the tribu- 
tary flow. 

Data entered into the model to determine prob- 
able water quality conditions of streams during 
low flow for conditions expected to prevail in the 
year 1990, with unplanned urban development and 
90 percent biochemical oxygen demand removal 
at all sewage treatment plants, are described in 
a section of Chapter IX of this volume. Results 
of some of these computations are  shown in Fig- 
ures  37 and 42 (see Chapter M). 

SUMMARY 

The preparation of sound, long-range, compre- 
hensive watershed development plans requires 
information on the range of river performance 
that may be expectedover time and under differing 
land use and water control facility development 
conditions. In order to provide this information 
with respect to both flood flow and water qual- 
ity, two mathematical simulation models were 
developed under the Milwaukee River Watershed 
Study. These models a re  based upon well-estab- 
lished mathematical relationships drawn from the 
sciences of hydrology, hydraulics, and water 
chemistry and upon measurements of certain per- 
tinent physical characteristics of the watershed 
and i ts  stream system. Both models are  adapted 
for use with electronic computers. Prior to 
application as predictive tools, the models were 
carefully calibrated to known measured historic 
conditions within the watershed. 

The flood simulation model, which involved the 
sequential use of a backwater submodel and a 
flood-routing submodel, was designed to simulate 



the flood-flow performance of the watershed under 
both present and anticipated future conditions of 
land use and water control facility development. 
The backwater submodel was used to define the 
hydraulic characteristics, that is, the stage-dis- 
charge relationships, of the channel-floodplain 
cross sections. Such cross sections were lo- 
cated immediately upstream and downstream of 
243 dams, bridges, and culverts and 208 addi- 
tional locations, so as to be representative of 
the channel and floodplain conditions of the 216 
miles of channel length studied. Impounded and 
non-impounded channel reaches were identified 
by examination of these hydraulic characteristics, 
and stage-discharge-volume and stage-discharge 
area tables prepared. These tables, along with 
hydrologic data for 66 sub-basins, were used as  
inputs to the flood-routing submodel to simulate 
the movement of floodwaters through the water- 
shed as this flow actually occurs from the head 
of the watershed to the outlet, thereby providing 
definitive data on the amount and ra te  of flood 
flow throughout the channel system, as well as to 
develop the high water surf ace profiles accom- 
panying the simulated flood flows. 

The flood simulation model was calibrated to the 
watershed by duplication of a flood resulting from 
a discreet historic storm event which occurred 
from June 21 to June 23, 1940. Following this 
calibration, the model was further checked by 
comparing a simulated 10-year recurrence inter- 
val flood event against the high water marks 
actually observed for the 1960 flood within the wa- 
tershed, which was a 10-year event. Similar in- 
formation available for the 1924 flood event was 
used to check the ability of the model to simulate 
the 100-year recurrence interval flood event. 

After satisfactory calibration was achieved, the 
model was used to develop flood flows and to 
establish flood frequencies as required for plan 
design. Three types of floods, ranging from those 
produced entirely by melting snow to those pro- 
duced entirely by rainfall were synthesized to 
produce flood profiles. Discharges were devel- 
oped for small drainage areas at various locations 
in the watershed for the 10-year and 100-year 
recurrence interval rainfall flood events; for the 
downstream reaches of the Milwaukee River for 
the 10-year and 100-year recurrence interval 
snowmelt flood events; and for intermediate-sized 
drainage areas for the 10-year and 100-year 
recurrence interval combined rainfall-snowmelt 
events. The frequency, or  recurrence, interval 

of the summer floods was assigned on the basis of 
the rainfall used to synthesize the event. The 
frequency, or  recurrence, interval of spring 
floods caused by snowmelt o r  snowmelt and rain- 
fall was assigned on the basis of the volume and 
peak of flood flow. Results of the simulation of 
the three types of events were then combined to 
produce a composite, synthesized 10- and 100-year 
recurrence interval flood high water surface pro- 
files along the 216 miles of stream channel studied 
anddischarge-frequency curves for 16 selected 
locations on these stream channels. Except for 
the Estabrook Park gage site and the Cedar Creek 
gage site, where discharge-frequency relation- 
ships were developed from gage data, all the 
discharge-frequency relationships were developed 
by application of the model. The model as devel- 
oped can be readily modified to represent the 
effects on the performance of the river system 
of any alternative structural flood control mea- 
sures which may be proposed during watershed 
plan design. 

Comparison of the results of the flood simulation 
model with measured data from the Estabrook 
Park stream gage indicates that the model accu- 
rately simulates flood flows in the river system. 
The discharge of the 100-year recurrence interval 
flood, as obtained from application of the flood 
simulation model, was approximately 16,500 cfs 
at the Estabrook Park gage, while the measured 
data determined by frequency analyses of the 
long-term gage records was 16,000 cf s. Similar 
excellent results were obtained for the 10-year 
recurrence interval flood discharge. The high 
water surface elevation for  the 10-year flood event 
produced by application of the flood simulation 
model was generally found to be within 0.5 foot of 
the high water surface elevations recorded during 
an actual 10-year recurrence interval flood. 

Application of the flood simulation model indicates 
that urbanization within the watershed may be 
expected to have only relatively minor effects on 
major floods. Major floods on the main stem of 
the Milwaukee River may be expected to remain 
essentially unchanged as  urbanization progresses, 
primarily because the areas subject to intensive 
urbanization are located mainly in the downstream 
reaches of the watershed. This pattern of urbani- 
zation contributes to the early occurrence of flood 
peaks in the downstream areas of the watershed, 
so that these peaks precede the arrival of peak 
flows from upstream areas of the watershed. In 
certain sub-basins, however, peak flood flows 



have been and will continue to be increased by the 
effects of urbanization. Peak flood flows from 
some of the sub-basins may be expected to 
increase by as  much as  25 percent due to the 
effects of urbanization within the watershed. 

The water quality simulation model was designed 
to simulate the ability of the stream system of the 
Milwaukee River watershed to assimilate organic 
waste loadings under both present and anticipated 
future land use and water control facility develop- 
ment in the watershed. The model was constructed 
using well-established relationships between dis- 
solved oxygen, biochemical oxygen demand, tem- 
perature, and the physical characteristics of the 
river system. The effects of the process of photo- 
synthesis and plant respiration on the dissolved 
oxygen content of the streams, while not incor- 
porated directly into the structure of the model, 
were accounted for by appropriate adjustments to 
the computed values for each stream reach based 
on field survey data. 

The water quality simulation model was calibrated 
to the specific characteristics of the Milwaukee 
River system. This involved the determination of 
the constants in the equations for dissolved oxy- 
gen content, carbonaceous and nitrogenous oxygen 
demands, and reaeration in the streams and at 
dams. These constants were derived, and the 
model was calibrated based on measurements of 

actual water quality conditions made during exten- 
sive field surveys of the watershed. 

The model in general produced dissolved oxygen 
levels ranging from six to eight parts per million, 
while the measured daily fluctuations ranged from 
three to 16  parts per million for the specific 
reaches used to check the model. The values of 
dissolved oxygen simulated by the model repre- 
sent an average of the daily high and low measure- 
ments, exclusive of the effects of the processes of 
plant photosynthesis and respiration. The mea- 
sured dissolved oxygen levels were very closely 
duplicated at dam locations where passage of 
water over the structure increased o r  decreased 
the dissolved oxygen content to approximately the 
saturation level, thus eliminating the effects of 
photosynthesis and respiration. 

The stream water quality model described in this 
chapter provides the basis for the evaluation 
of the effects of alternative pollution abatement 
measures on the level of stream water quality 
existing within the watershed and permitted an 
evaluation to be made of the feasibility of attaining 
the established water use objectives and stan- 
dards. In the application of the model to plan 
evaluation, the model inputs can be modified to 
represent the effects of continued urbanization 
within the watershed, together with the effects of 
proposed water quality control facility and man- 
agement alternatives. 
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Chapter Xm 

NATURAL RESOURCE AND RECREATION-RELATED PROBLEMS 

INTRODUCTION 

The Milwaukee River watershed constitutes an 
area of valuable natural resources and related 
open-space within the rapidly urbanizing South- 
eastern Wisconsin Region. The watershed is 
particularly rich in resource base elements- 
such as lakes, streams, wetlands, woodlands, 
and wildlife habitat-important to recreational 
pursuits and to the maintenance of a healthy eco- 
logical balance within the Region. Rapid population 
growth and urbanization within the Region and the 
watershed are  increasing the importance of these 
elements, while at the same time impairing their 
quality and reducing their quantity. Problems 
relating to these resources and their recreational 
uses in the watershed are  of two distinct, but often 
interrelated, kinds: 1) those relating to the con- 
tinuing deterioration of the resources induced or  
aggravated by human activity within the water- 
shed, and 2) those relating to inadequacies inher- 
ent in the natural characteristics of the resources 
themselves, as related to qualitative or  quantita- 
tive requirements for specific forms of recrea- 
tional and other uses. 

This chapter identifies the major temporal and 
spatial aspects of these two kinds of problems 
associated with the conservation of these natural 
resources and related recreation values. Because 
knowledge of the existing condition of the natural 
resources is necessary in order to understand 
recreation-related resource problems, this chap- 
t e r  also includes, as necessary, a brief descrip- 
tion of each of the recreation-related resources 
within the watershed. It should be noted that, 
in addition to the summary data on the major 
lakes of the watershed presented within this 
chapter, individual lake use reports have been 
prepared for the 21 major lakes located within the 
watershed.' Each of these reports includes, for 
each lake covered, discussions of the physical 
characteristics of the lake concerned and i ts  trib- 
utary watershed, present lake water quality, the 

natural resource base, present lake use, existing 
land use in proximity to the lake, and recreation 
and resource-related problems. The reports also 
recommend resource protection and enhancement 
measures required to maintain or  restore the 
recreational values of the lake. 

LAKES AND STREAMS 

Description of the Resource 
Lakes and streams a re  particularly complex eco- 
logical systems. An understanding of their exist- 
ing conditions, a s  these conditions may affect 
their recreational value, requires knowledge of 
such phenomenon as thermal stratification and of 
such factors as  dissolved oxygen content, concen- 
tration of certain chemicals and nutrients, aquatic 
plant life, bottom fauna and fish life, basin mor- 
phology, and shoreline modifications, both those 
made by man or  created by natural processes. 

Thermal Stratification 
Many of the deeper lakes of southeastern Wis- 
consin exhibit the phenomenon known as thermal 
stratification, which may influence the natural 
resource and related recreational values of a lake 
in many subtle ways. Immediately following the 
melting of the ice cover in early spring, lakes in 
the Region become nearly uniform in temperature 
from top to bottom, at or  near the temperature of 
maximum water density (4OC o r  3g°F). Wind- 
generated currents set in; and the whole water 
mass generally undergoes thorough intermixing, 
known as spring turnover. The duration of this 
turnover period is relatively short and is depen- 
dent upon weather conditions. Intermixing is 
rapid at the beginning of the turnover period 
because of low and more uniform water tempera- 
tures; but, a s  temperatures increase near, and 
at, the surface, the intermixing of the lower 
waters with the upper waters slows. Finally, 
mixing ceases as temperature (density) differ- 
ences become too great; and, a s  the wind-driven 
water currents no longer can affect the lower 
depths of waters, thermal stratification occurs. 

'~ndividual lake plans may be obtained on a limited basis 
from the Southeastern Wisconsin Regional Planning Com- 
mission or the Wisconsin Department of Natural Resources. 

The extent to which the warm circulating surface 
water of the stratified lake reaches downward is 
dependent upon several factors,including the fetch, 



o r  length over which the wind can blow unimpeded 
on the lake surface, and the water density gradient 
that produces a resistance to mixing. With larger 
lakes the length of space over which wind can blow 
unimpeded is greater and results in a mixing 
by water currents deeper into the lake. In the 
smaller or  more sheltered lakes, the warm-water 
stratum is a shallower and thinner layer. This 
upper, warm, circulating layer of water is known 
as  the epilimnion. Immediately below the warm 
epilimnion lies a region of rapid decrease in 
temperature with increased depth, known as the 
thermocline, which varies in thickness and range 
of temperatures. Below the thermocline lies the 
deep, cold, and now undisturbed region of water 
known as the hypolimnion. Hypolimnion conditions 
may remain similar to those encountered in 
winter, or  the waters may be oxygenated early 
in the stratification period, depending upon the 
amount of mixing that took place during the spring 
turnover. The decay of organic material, how- 
ever, usually depletes the oxygen from the hypo- 
limnion early in the summer; and it enters the 
state of summer stagnation. 

In the fall surface cooling causes the epilimnion to 
deepen by convective mixing, resulting in another 
period of turnover. As cooling continues, the 
entire water mass eventually reaches the temper- 
ature of maximum density. Further cooling pro- 
duces a temperature gradient in a thin surface 
layer, which permits freezing of the colder, less 
dense surface water of the lake. Temperatures 
immediately below the ice will be near OOC (32OF), 
while the bulk of the water mass will be near ~ O C .  

In the spring temperatures under the ice layer 
may r i se  a few degrees above 4OC without dis- 
turbing the stable density gradient below. Once 
the ice has left, however, mixing usually occurs 
regularly as winds disturb and move the surface 
water. 

During the spring and fall mixing periods, atmo- 
spheric pressure and microscopic plant life deter- 
mine, through photosynthesis, the dissolved oxy- 
gen content of the surface layers which will 
approach saturation levels; and the vertical circu- 
lation will disperse this oxygen content throughout 
the water body, although saturation levels a re  not 
always reached in the deeper layers. 

The thermal stratification exhibits the sharpest 
delineations during late July and August, provided 
the lake is deep enough to stratify. This is the 
most critical period in the survival of cold-water 

fish that might inhabit a lake having waters cool 
enough for such survival only in the thermocline 
and hypolimnion layers. Oxygenation normally 
must be a continual process for fish to survive in 
these deeper and colder layers, and light must 
penetrate in order to provide for photosynthesis. 
Light does not penetrate deeply in waters which 
a r e  turbid, have dark coloration, or  have dense 
algal blooms at the surface. A s  a result the 
deeper waters become deoxygenated. Since nearly 
all larger organisms require dissolved oxygen for 
life, the well-oxygenated surface layer becomes 
the zone of life within the lake in midsummer. 

In deep, fertile lakes, large masses of water may 
remain throughout the summer without sufficient 
oxygen to support most forms of aquatic life. The 
proportion of the total volume of each major lake 
within the Milwaukee River watershed which may 
be expected to contain more than 2 mg/l of dis- 
solved oxygen, considered to be the lower level at 
which most forms of aquatic life may be sustained 
in midsummer, is set forth in Table 113. 

As the water temperatures cool and again become 
uniform in the fall, another mixing period sets in, 
known as  the fall turnover. The water column 
again becomes well oxygenated. The lake surface 
then freezes; oxygen replenishment is negligible 
even near the surf ace; and chemical and biological 
oxygen demands will then determine the dissolved 
oxygen concentrations when thick ice and heavy 
snow cover prevent photosynthesis. 

Of the 21 major lakes studied intensively within 
the Milwaukee River watershed, 13 were found to 
stratify thermally every year. The midsummer 
thermal characteristics of 20 of these lakes a re  
illustrated in Figure 81. Shallow Mud Lake in 
Ozaukee County has a maximum depth of only four 
feet; does not stratify; and, therefore, maintains a 
nearly uniform temperature throughout the sum- 
mer. The larger lakes have deeper thermoclines 
due to the influence of greater wind fetch turbu- 
lence. In some lakes the lower thermocline depth 
is not a distinct feature. The thermocline fades 
into the hypolimnion in Ellen Lake, Sheboygan 
County. Later, during the summer, stratification 
disappears completely. The classic temperature 
profile is shown by such lakes as  Crooked Lake in 
Sheboygan County. The mean surface tempera- 
ture exhibited in the profiles in Figure 81 was 
24.5OC ('76'~). The mean bottom temperature 
was 22. OOc (71.8'~) in unstratified lakes and 
13.0°C (55.5'~) in stratified lakes. The maximum 



TABLE 113 

SELECTED DATA FOR THE MAJOR LAKES I N  THE MILWAUKEE R I V E R  WATERSHED- 1968 

PERCENT 
OF AREA 
<3 F E E T  

PERCENT 
OF AREA 

>20  F E E T  

VOLUME 
I ACRE- 

ACREAGE F E E T )  

PERCENT OF 
VOLUME 

<3 F E E T  

PERCENT CF 
VCLUME 

> 2 0  FEET  

DEPTH ( F E E T )  OEPTH TO 
THERMOCLINE 

( F E E T I  

R A T I C  OF AREA 
1SC.MI.) TO 

SHORE LENGTH 
I P I L E S I  LAKE  NAME COUNTY 

B I G  CEOAR....... WASHINGTON 
LCNG............ FOND OU LAC 
L I T T L E  CEDAR.... WASHINGTON 
MUD-............ OZAUKEE 
KETTLE  MORAINE.. FCND OU LAC 
RANDOM.......... SHEBOYGAN 
ELLEN........... SHEBOYGAN 
SILVER.......... YASHINGTON 
AUBURN-......... FCNO OU L A C  
CRCOKEO......... SHEBOYGAN AN0  

FOND DU L I C  
SMITH........... YASHINGTON 
PAUTHE-..-.-..-- FCND OU LAC 
LUCAS--......... WASHINGTON 
GREEN-.......... WASHINGTCN 
BARTON POND..... WASHINGTON 
WEST BEND PONO.. WASHINGTON 
SPRING.......... OZAUKEE I N 0  

SHEBOYGAN 
MUD-.-.......... FOND OU L A C  
TWELVE-......... WASHINGTON 
WALLACE......... WASHINGTON 
FOREST.......... FOND DU LAC 

0.132 
C.097 
0.089 
0. LOO 
0.118 
C.091 
0.100 
0.067 
0.010 

C.064 
C.074 
C.079 
C.051 
C.062 
0 .035  
C.038 

............................... .......... 
TOTAL  VOLUME CAZARO BASE0  ON F E R T I L I T Y  BASED ON H I G H  

W I T H >  BASED SPRING BASE0  ON LANT  T I S S U E  WINTER POLLU- STUNTED F I S H I N G  RECREAT IONAL  
LAKE  NAME 2 M G I L  0 0  ON CL< I PO.. 1 A L K A L I N I T Y  1 po. /cL 1 o p A N ~ I s n c A ~ p m E E o s 1 A ~ G A E p ~ E s s u ~ E ~  R A T I N G g  I 

H I G H  
LOW 
H l G H  
LOW 
LOW 
LOW 
LOW 
LOU 
LOW 
LOW 
LOW 
LOU 
LOW 
LOW 
H I G H  
H I G H  
LOW 
MEOIUM 
LOW 
LOW 
MEOIUM 

B I G  CEOAR....... 
LCNG............ 
L I T T L E  CEDAR.... 
nuo............. 
K E l T L E  MORAINE.. 
RANOOM-......... 
ELLEN.........., 
SILVER-......... 
AUBURN-......... 
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rate of temperature decrease in the thermocline Oxygen Content 
was found to be about 1 . 3 ' ~  decrease per foot Since oxygen concentrations in midsummer deter- 
increase in depth. The average depth to the sur- mine the depths to which fish are found, oxygen 
face of the thermocline was found to be 14.3 feet, profiles were prepared showing the depth to which 
with a range from 5 to 26 feet. dissolved oxygen (2 mg/l or parts per million) i s  



adequate for the support of fish life. These pro- 
files are  illustrated in Figure 82 for 20 of the 
21 major lakes within the watershed. Table 113 
lists the percent of total water volume within each 
of these 20 lakes with more than 2 mg/l dissolved 
oxygen content in midsummer. The larger lakes 
with deeper thermoclines usually have greater 
concentrations of dissolved oxygen through the 
thermoclines. In most of the 13 stratified lakes of 

the watershed, an oxygen deficiency occurs in the 
lower thermocline; and in all the lakes with hypo- 
limnions, dissolved oxygen was absent in this 
lowest thermal layer. The average oxygen con- 
centration one foot below the surface for the lakes 
shown in Figure 82 was found to be 7.5 mg/l, 
with a range from 4.7 to 9.8 mg/l. The average 
bottom oxygen concentration encountered was less 
than 0.1 mg/l, with 18 of the 21 lakes found to 

Figure 81 
SUMMER TEMPERATURE PROFILES FOR SELECTED LAKES 
IN THE NllLWAUKEE RIVER WATERSHED, WISCONSIN 1968 " 
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Figure 82 
SUMMER OXYGEN PROFILES FOR SELECTED LAKES 
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have no measurable oxygen content near the 
bottom. The mean depth at which dissolved oxygen 
content was found to decrease to less than 2 mg/l 
was 17 feet, with a range from 10 feet (West Bend 
Pond in Washington County) to 27 feet (Big Cedar 
Lake in Washington County). The highest dis- 
solved oxygen content was recorded at Mud Lake 
in Fond du Lac County at 9.8 mg/l. 

Chemical Factors 
Total alkalinity, expressed as milligrams per 
liter of calcium carbonate, is a basic measure of 
the amount of calcium, magnesium, and bicar- 
bonate ions present in lake water. Lakes with 
high alkalinities a re  fertile and support greater 
plant growths. Photosynthesis indirectly decreases 
alkalinity by producing oxygen, which combines 
with calcium bicarbonate to form calcium carbon- 
ate, which, in turn, tends to precipitate out of 
solution. The reverse occurs when aquatic vege- 
tation decomposes. Here, alkalinity increases as 
carbonates a re  brought back into solution as cal- 
cium bicarbonate. In midsummer the upper layers 
of lakes within the watershed, therefore, may be 
expected to have lower alkalinities, while the 
deeper waters, which must accommodate the 
decomposition of materials produced and settled 
from above, may be expected to have higher 
alkalinities. Lakes a re  classified as fairly fertile 
if their waters contain 40 mg/l or  more of total 
alkalinity (see Table 114). By this definition all 
lakes of the Milwaukee River watershed are  mod- 
erate to very fertile and productive. The mean 
total alkalinity of the 21 lakes studied within the 
Milwaukee River watershed during the spring 
mixing period was found to be 190 mg/l, with a 
range from 126 mg/l to 216 mg/l (see Table 115). 
In late summer under stratified conditions, the 
upper layers were found to average 184 mg/l 
total alkalinity. 

T A B L E  1 1 4  

GENERAL LAKE HATE K FERT IL I T Y  SAT I N G  
BASED ON TOTAL A L K A L I N I T Y  MEASURED 

The pH value (negative logarithm of the hydrogen 
ion concentration expressed in gram equivalents) 
determines the relative proportions of the com- 
ponents of total alkalinity. At pH values ranging 
between 4.5 and 8.2, alkalinity is nearly all bicar- 
bonate. At pH values above 8.2, alkalinity is 
nearly all carbonate. Fish are  commonly found in 
waters of a pH range of 5 to 9. More tolerant 
species can survive at higher o r  lower pH values, 
but such values may be considered generally haz- 
ardous to fish life. The mean pH value of the 21 
lakes studied within the Milwaukee River water- 
shed during spring mixing was 7.9, with a range of 
7.3 to 8.6. In late summer upper waters averaged 
8.6 and ranged from 7.9 to 9.5, while deep waters 
averaged 7.9 and ranged from 7.2 to 9.5 (see 
Table 115). Extreme values were encountered in 
Kettle Moraine, Lucas, Smith, and Wallace Lakes 
and were associated with algal blooms. 

Chlorides in concentrations of more than 500 mg/l 
may adversely affect desirable forms of aquatic 
life. Chlorides are  contributed to lake waters 
primarily from sewage, industrial wastes, and 
surface runoff, although other sources, such as  
animal excretia associated with heavy lake use by 
waterfowl, may also contribute. Little significant 
variation was found in the vertical distribution of 
chlorides. The mean chloride content of the 21 
lakes studied within the Milwaukee River water- 
shed was found to be 7.5 mg/l, with a range from 
3.1 mg/l to 19.3 mg/l (see Table 115). Chloride 
concentrations higher than twice the mean are  
indicative of potential pollution problems. Lakes 
with such chloride concentrations within the 
watershed include Ellen, Random, and Wallace 
Lakes and Barton and West Bend Ponds. 

Nutrients 
Nutrients may be defined as those chemical ele- 
ments necessary for the growth of plant life. Low 
concentrations of nutrients may be limiting to 
plant growth, while high concentrations may be 
toxic or  inhibitory. Many different nutrients a re  
essential to plant growth. Some, termed micro- 
nutrients, must be present in only very small, or  
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trace, quantities. These include iron, manganese, 
copper, zinc, molybdenum, vanadium, boron, chlo- 
rine, cobalt, and silicon. Others, termed macro- 
nutrients, must be present in larger amounts and 
include phosphorus, nitrogen, carbon, hydrogen, 
oxygen, potassium, magnesium, calcium, and 
sulphur. 
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Phosphorus compounds are  important in energy 
transformation, especially photosynthesis. Algae 
a re  dependent upon phosphorus for growth; and, 
therefore, the production of this food chain base 
for all aquatic life may be limited by the phospho- 
rus  supply. Growth of algae is inhibited when 
available dissolved phosphate concentrations a re  
less than 0.03 mg/l. At concentrations higher than 
0.05 mg/l, nuisance algal blooms can be antici- 
pated. In lakes which stratify, a measurable 
increase in phosphorus content may occur in the 
lower hypolimnion in late summer. Under bloom 
conditions high total phosphate levels a r e  fre- 
quently associated with very low dissolved phos- 
phate levels. In early spring, preceding algal 
blooms, the average total phosphate and dissolved 
phosphate concentrations in the surface waters of 
the 21 lakes studied were found to be 0.16 mg/l 
and 0 .10  mg/l, respectively (see Table 115). The 
range of these average levels for total phosphates 
varied from 0.01 mg/l to 0 .63  mg/l and for dis- 
solved phosphates, from 0 .10  mg/l to 0 . 5 0  mg/l. 
During the summer the average total phosphate 
and dissolved phosphate levels in the surface 
layers were 0.35 mg/l and 0 .28  mg/l, increasing 
considerably from previous spring levels. Deeper 
samples taken in midsummer indicated an even 
higher level than in the surface layers, with total 
phosphate content averaging 0 .46  mg/l and dis- 
solved phosphate, 0.31 mg/l. 

Of the 21 major lakes within the watershed, four 
had high concentrations of dissolved phosphate 
(over 0.15 mg/l) during both the spring and sum- 
mer sampling periods. These were Big Cedar and 
Little Cedar Lakes and Barton and West Bend 
Ponds, all in Washington County. Two lakes were 
within the medium range of 0.06 to 0 . 1 5  mg/l dis- 
solved phosphate during the same periods. Both 
lakes, Forest and Mud in Fond du Lac County, 
exhibited prominent algal blooms. Only three 
lakes-Silver and Lucas in Washington County and 
Auburn in Fond du Lac County-appear to have 
truly limiting phosphate levels throughout the 
year. All the remaining 12 lakes studied exhibited 
low concentrations of dissolved phosphates during 
the spring, but these levels increased during the 
summer months, and most achieved considerable 
growths of rooted aquatic vegetation or algal 
blooms. The causes of these increased dissolved 
phosphate levels may be attributed to diffusion 
from the hypolimnion or inflow of nutrients from 
the surrounding watershed. A general distinction 
between excessively fertile lakes and moderately 
fertile lakes is possible by relating the percent 

phosphorus in plant tissue to average chloride 
concentration of the lake water. Chloride is a 
reliable indicator of external enrichment, and 
phosphate consumed in excess of plant require- 
ments by the rooted aquatic vegetation will usually 
indicate excessive water fertility stemming from 
such enrichment. The results of this correlation 
a r e  presented in Figure 83. 

Aquatic Plants 
Most of the lakes studied within the Milwaukee 
River watershed displayed moderate-to-abundant 
growths of aquatic plant vegetation extending from 
the shorelines to depths as  great as 20 feet. Gen- 
erally, lakes with combinations of extensive shal- 
low water areas, clear water, and muck bottoms 
produce more vegetation per acre than the lakes 
that have limited shallow water areas; turbid o r  
brown-stained water; and marl, sand, gravel, or  
suspended ooze bottoms. A continuum of vegeta- 
tive growths was found to exist, ranging from 
Ellen Lake, with relatively little plant life, to 
Crooked Lake, which displayed an abundance of 
plant growth. Two of the lakes surveyed, Crooked 
Lake and West Bend Pond, had unusually rank 
aquatic growth o r  excessive algal blooms, indicat- 
ing pollution through unnatural enrichment. This 
type of enrichment can be caused by drainage from 
fertilized agricultural lands, storm water runoff 
from urban areas, and domestic and industrial 
liquid waste disposal. 

Figure 83 
PERCENT PHOSPHORUS IN ROOTED AQUATIC PLANTS 
AS RELATED TO AVERAGE CHLORIDE CONTENT OF 

LAKE WATER SAMPLES FOR SELECTED MAJOR LAKES 
IN THE MILWAUKEE RIVER WATERSHED 1968 
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Within the Milwaukee River watershed, the distri- 
bution and abundance of aquatic plants varied with 
certain lake characteristics. Definite relation- 
ships were apparent between the occurrence of 
aquatic vegetation and water fertility, human weed 
control activities, water transparency, and type 
of bottom sediments. Lakes with excessive aquatic 
vegetational growth and algal blooms that reach 
problematic and nuisance proportions are  indi- 
cated in Table 113. 

A definite correlation was also found between the 
maximum depth at which the vegetation occurred 
and the relative transparency of the lake water as  
measured by Secchi disc. In Figure 84 the depth 
to which light penetrates to 1 percent of i ts  
surface intensity is plotted, along with Secchi disc 
depth readings. When samples from moderately 
deep lakes with varying degrees of coloration and 
turbidity were compared, the ratio of transpar- 
ency depth readings of the Secchi disc to maxi- 
mum depth of plant growth was found to be about 
0.55 to 1. In other words, plants were generally 
found to grow to a depth of 1. 82 times the trans- 
parency depth measured. 

Fish Life 
Of the 21 major lakes in the Milwaukee River 
watershed, all but Mud Lake, Ozaukee County, 
were found to support fisheries comprised of 
largemouth bass, bluegills, yellow perch, and 
bullheads (see Figure 85). Northern pike and 
black crappies are  common in 18 of these same 
lakes. Over 75 percent of the lakes contain popu- 
lations of rough fish, including white suckers, 
golden shiners, and carp, the latter species being 

Figure 84 
DEPTH OF LIGHT PENETRATION IN SELECTED MAJOR LAKES 

IN THE MILWAUKEE RIVER WATERSHED 
MAY 1968 

Source: Wisconsin Department of Natural Resources. 
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the most dominant. In six lakes rough fish 
occurred in such abundance as to be considered 
detrimental to the other, more desirable forms 
of fish life. The various fishery problems encoun- 
tered within the lakes of the watershed a re  sum- 
marized in Table 113. Lakes with large rough fish 
populations were found to be generally shallow, 
with soft bottom materials, and are  located either 
on, or drain into, a main surface stream. Nine 
lakes have populations of walleyes; five of these 
support good, fishable walleye populations-Little 
Cedar, Long, Mauthe, Silver, and Random Lakes. 
Big Cedar Lake supports a population of cisco; 
however, an occasional summerkill of this cold- 
water species occurs because of an extreme sea- 
sonal decrease of oxygen at thedepths of desirable 
cool-water temperatures. 

Of the 21 major lakes within the watershed, one, 
Mud Lake in Ozaukee County, is considered inca- 
pable of supporting significant fish populations. 
Five other lakes experience periodic winterkills 
but sustain a limited fishery nearly every year. 

Figure 85 
FREQUENCY OF OCCURRENCE OF 

VARIOUS SPECIES OF FISH IN MAJOR LAKES 
IN THE MILWAUKEE RIVER WATERSHED 1968 
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The remaining lakes sustain a moderate fishery 
and must support the major proportion of the 
heavy fishing demand that is evident on this 
watershed. 

Stream fisheries of any consequence are lim- 
ited in the watershed. Only five major streams- 
the Milwaukee River; i ts  tributaries, includ- 
ing the East, North, and West Branches, and 
Cedar Creek-support a moderate fishery. These 
streams mainly support fisheries of white suckers 
but also include smallmouth bass, northern pike, 
bullheads, and carp. White suckers and carp, or  
the rough fish, a re  abundant o r  dominate the pools 
in these streams, as well as in other streams of 
smaller size within the watershed. Small popula- 
tions of bluegills, black crappies, and walleyes 
are  also present in limited size and quantity 
in the major streams. Cedar Creek has small 
populations of walleyes, panfish, and smallmouth 
bass. The major streams have additional north- 
ern  pike populations during the spring spawning 
migration period. 

The minor streams of the watershed support 
high populations of forage minnows and crayfish, 
with the exception of Water Cress Creek, Melius 
Creek, and the extreme upper portion of the North 
Branch of the Milwaukee River above Cascade 
Pond. Water Cress Creek has a good population 
of brook trout, while the North Branch of the Mil- 
waukee River (Nichols Creek) has limited numbers 
of brown and rainbow trout. Melius Creek is 
periodically stocked with brown trout but is con- 
sidered to be marginal trout water. Melius Creek, 
Nichols Creek, and Water Cress Creek, as well 
a s  Gooseville Creek in Sheboygan County and Lake 
Fifteen Creek in Fond du Lac County, are  desig- 
nated as official trout streams pursuant to Sec- 
tion 30.18 of the Wisconsin Statutes. Determinants 
of fish species distribution and abundance in the 
watershed are  overenrichment by nutrients, insuf- 
ficient andunstable spring flows, silty bottom con- 
ditions, eroding bank cover, and presence of dams. 
Map 60 shows the existing (1967) lake and stream 
fisheries in the Milwaukee River watershed. 

Lake Basin Morphology 
Certain aspects of lake basin morphology are  
particularly important to a critical assessment of 
the recreational value of a lake. The size of the 
lake, together with the area of open water avail- 
able per unit of shoreline, is a measure of the 

potential water space available for recreational 
use. Size and orientation, with respect to pre- 
vailing winds, dictate the characteristics of the 
shoreline and, therefore, i ts  value for such rec- 
reational uses as swimming, fishing, and wildlife 
observation. Volume, as related to area and 
depth, reflects the total life zone in the lake; the 
extent to which rooted vegetation may influence 
the basin; and in drainage lakes the extent to 
which influent waters will alter lake conditions. 

Selected aspects of lake basin morphology are  set 
forth in Table 113 for the lakes studied in the Mil- 
waukee River watershed. Of the 21 major lakes 
studied within the Milwaukee River watershed, 
two are considered to be impoundments. These 
impoundments, the Barton and West Bend Ponds, 
are  characterized as  having irregular shorelines, 
elongated basins, predominantly silt bottoms, and 
extensive areas of shallow waters in the upstream 
portion of the basin. The remaining 19 natural 
lakes have been further categorized by size and 
basin morphology, as shown in Table 113. 

The area of open water per unit of shoreline varies 
in response to the irregularity of the shoreline and 
i s  expressed by the shore development factor, 
defined as the ratio of shoreline length to the cir-  
cumference of a circle having an area equal to 
that of the lake in question. Figure 86 indicates 
the relationship of lake area to shoreline length 
and the shore development factor for the major 
lakes in the watershed. 

The shorelines of lakes having a surface area of 
less than 100 acres are  seldom affected by wind- 
induced wave-sorting of sedimentary material. 
Because of the direction of the prevailing winds 
within the Region, the shorelines of lakes ranging 
in size from 100 to 500 acres in area commonly 
have sand or  gravel wave-washed shorelines along 
their east, north, and south shores and silt- 
covered west shorelines, the latter frequently 
well vegetated. Lakes larger than 500 acres in 
area experience some sorting on all shorelines 
except for bay areas protected from the wind. 

Examination of the volumetric characteristics, as 
presented in Table 113, indicates that, in general, 
the major lakes of the watershed are  shallow 
enough so that a large percentage of their total 
water volume is sufficiently oxygenated to support 
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The maintenance and, in some cases, enhancement of stream and lake water quality throughout the 
watershed are essential if the fisheries of the watershed, which comprise an important recrea- 
tional asset, are to be preserved and improved. Only five major streams within the watershed-- 
the Milwaukee River, the East Branch, the North Branch, the West Branch, and Cedar Creek-- 
presently support a moderate fishery. All but one of the 21 major lakes within the watershed-- 
Mud Lake in Ozaukee County--also support a moderate fishery. Nutrients and oxygen-demanding 
organic materials are the major pollutional causes of fish management problems in the watershed. 

Source: Wisconsin Department of Natural Resources. 



Figure 86 
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fish life in summer. Six of the major lakes have 
no water areas greater than 20 feet in depth, 
however, and may be expected to occasionally 
lack sufficient oxygen for winter survival of 
fish life. Emergent rooted aquatic vegetation is 
limited to water less than three feet deep. Such 
shallow waters constitute 17.7  percent of the 
major lake acreage and 17 .6  percent of the major 
lake volume. 

Problems Related to Lakes and Streams 
Inadequate Water Depth: A major recreational 
inadequacy in many of the lakes within the Mil- 
waukee River watershed is the lack of sufficient 
depth. An examination of Table 113 indicates that 
the small lakes a r e  not always the shallowest and 
that more than 20 percent of the total area of 
several of the larger lakes is covered by water 
less  than three feet deep. Moreover, the depth of 
many of the lakes within the watershed can be 
expected to be reduced substantially with time, 
the principal causes of increasing shallowness 
of lakes within the watershed being vegetal aging 
and sedimentation. 

The fertile lakes of the watershed produce great 
quantities of organic matter, and rich organic 
deposits accumulate rapidly. On leeward shores 
and in protected bays, emergent and eventually 
terrestr ial  vegetation develops readily and may 
progressively develop into a marsh area, replac- 
ing open water. Drainage lakes commonly have 
deltas produced where streams entering the lake 
release the materials carried in suspension. The 
development of these deltas is aggravated by soil 
erosion within the tributary watersheds and may 
be associated with both urban and rural  land use 
activities not conducted in accordance with good 
soil and water conservation practice. Urbaniza- 
tion of lake watersheds may produce particularly 
heavy si l t  loads, which a re  deposited on the 
lake beds. 

The recreational value of shallow lakes is limited 
for several reasons (see Table 113). Shallow 
water permits rooted aquatic vegetation to grow in 
profusion and interfere with use for boating and 
swimming. Such vegetation is a major problem 
on seven of the 21  lakes studied in the Milwaukee 
River watershed. Shallow lakes a re  subject to 
winterkill by the loss of fish due to an inadequate 
oxygen supply. This is a major problem on six 
of the 21 lakes studied within the Milwaukee 
River watershed. Boating is impaired on shallow 
lakes both by the existence of the shallow flats 
themselves and by the presence of rooted aquatic 
vegetation. The minimum desirable depth for 
boating is approximately five feet. Three of the 
lakes studied were found to have a mean depth of 
less  than five feet, and seven additional lakes 
were found to have a mean depth of less than 10 
feet. Finally, nutrient recycling occurs continu- 
ally during the summer months in shallow lakes, 
since thermal stratification is either not attained 
o r  does not persist throughout the summer, 
when in deeper lakes hypolimnion stagnation is 
achieved. The continual summer turnover of 
shallow lakes, with the accompaniment of nutrient 
replenishment derived from plant decay and bot- 
tom muds, is further accelerated by wind-driven 
and inlet water currents, along with the rooting 
habits of carp. The accelerated nutrient enrich- 
ment then impairs the recreational value by caus- 
ing excessive , algal and aquatic plant growth. 
Eight of the lakes studied were found to have no 
definite thermocline and, therefore, no apparent 
barrier  to recycling of nutrients. 

Inadeauate Lake Size or  Streamflow: Lake size o r  
streamflow is another major factor in determining 
the recreational potential of a lake or  stream. 



Small lakes, with a surface area of less than 50 
acres, may be considered unsuited to the use of 
motor-powered boats. Fifty such small lakes exist 
within the watershed; and these were, because 
of their size and limited recreational value, 
excluded from more detailed consider ation in the 
watershed study. Of the 21 major lakes studied, 
15 were found to have a surface area ranging from 
50 to 200 acres,  the size for which the imposition 
of speed limitations on motor-powered boats is 
generally recommended. Such lakes can become 
highly congested and develop dangerous water use 
conflicts as,  for example, between water skiing 
and fishing or  swimming. There are  six lakes 
within the Milwaukee River watershed having a 
surface area  ranging from 200 to 1,000 acres. 
Although these lakes a re  relatively large, they 
may require spatial or  temporal separation of 
recreational activities if serious use conflicts a re  
to be avoided. Only on lakes of more than 1,000 
acres of surface area can all recreational activi- 
ties be permitted with a minimum of limitations. 
No such lakes exist within the watershed. Although 
larger lakes can accommodate more different 
uses and more users than smaller lakes, each 
lake, regardless of size, has a limited ability to 
meet the various recreational demands. For 
this reason the Wisconsin Department of Natural 
Resources has adopted lake use classification 
standards that a re  intended to assist in determin- 
ing proper recreational uses of lakes. These 
standards a re  set  forth in Appendix J of this 
volume. 

The fisheries of the smaller lakes may be sub- 
ject to excessive use when angling reaches the 
100 man-hour per acre per year level; although 
under a good management program, the fisheries 
of some lakes can tolerate 100 to 200 man-hours 
of angling per acre per year. Of the major lakes 
studied within the watershed, 12 now receive more 
than 100 man-hours of fishing use per acre per 
year (see Table 113); and seven of these 12 have 
a surface area of less than 100 acres. Intensive 
conservation management measures are needed if 
high populations of desirable fish species are  to 
be maintained in these lakes. 

Streams with insufficient flow have physical limi- 
tations with respect to the movement and harbor- 
ing of desirable forms of fish life and may have 
water temperatures higher than tolerable by cold- 
water species. Streams with low or  intermittent 
flows thus can provide only a very limited fishery 
and cannot provide swimming, boating, o r  canoe- 

ing opportunities. Such streams may, however, 
provide an important source of water for wildlife 
and may have a significant aesthetic value. Inter- 
mittency of flow is a problem of nearly all minor 
tributaries within the Milwaukee River watershed, 
and low summer flows are  also a problem of most 
major tributaries. 

Lake Level Instability 
Lake level instability is not a major problem 
within the Milwaukee River watershed except 
during extreme climatic conditions. Increases in 
lake levels normally occur in the spring and a re  
the result of heavy surface runoff from snowmelt 
and rainfall, discharge from the ground water 
reservoir, or  increases in ground water table 
elevations. Decreases in lake levels normally 
occur in the summer and a re  the result of evapo- 
ration, transpiration, discharge to outlet streams, 
discharge to the ground water reservoir, or  
decreases in ground water table elevations. Lakes 
and wetlands within the watershed maybe expected 
to lose water through evapotranspiration in an 
amount approximately equal to the average annual 
rainfall on the surface of the lakes and wetlands; 
and, therefore, only extreme climatic condi- 
tions, such as  prolonged droughts, will produce 
fluctuations sufficient to impair recreational 
use activities. 

All  but four of the 21 lakes studied within the Mil- 
waukee River watershed have fluctuations in water 
levels of less than one foot per year and, there- 
fore, may be considered stable. Two of the 
exceptions are  Wallace and Forest Lakes, which 
are  seepage type lakes, with llblindtl watersheds 
having no outlets. Therefore, fluctuations in 
ground water levels may have a particularly 
adverse effect upon the levels of these two lakes. 
The other two exceptions are  the Barton and West 
Bend impoundments on the Milwaukee River. As 
small impoundments, the levels of these lakes 
reflect the seasonal instabilities of flow in the 
Milwaukee River. Eight other natural lakes in the 
watershed-Ellen, Silver, Cedar, Little Cedar, 
Lucas, Mauthe, Random, and Long Lakes-have 
water level control structures on their outlets 
which control the outflow of water and thus tend 
to stabilize the lake levels. The nine remain- 
ing lakes-Mud (Fond du Lac), Kettle Moraine, 
Lake Fifteen, Crooked, Green, Smith, Spring, 
Mud (Ozaukee), and Twelve-although having un- 
controlled outlets, exhibit relatively small fluc- 
tuations in water levels. Generally, lakes with 
small tributary watersheds and those highly 



perched in the ground water system may be 
expected to exhibit greater fluctuation in lake 
levels than lakes with large tributary watersheds. 

All of the aforementioned causes of unstable lake 
levels may be intensified by ground water with- 
drawals for urban and rural  use. Ground water 
pumpage from within tributary watersheds and 
subsequent discharge through sewerage or drain- 
age systems to disposal points below lake outlets 
will tend to lower ground water and interconnected 
lake levels. The inventories, however, revealed 
that there a re  presently no sewered lake com- 
munities within the watershed where such water 
loss could occur. 

watershed. Individual lakes are  evaluated with 
respect to water quality and fertility in several 
ways in Table 113. While considerable variation 
occurs between fertility ratings for the water 
-- 

quality characteristics, generally 18 of the 21 
lakes studied showed nutrients to be present in 
excess of the amounts necessary to support 
aquatic vegetation in problem proportions. Of the 
21  major lakes surveyed in the Milwaukee River 
watershed, four were found to be high in spring 
phosphate content; eight were very fertile, as 
measured by total alkalinity; and nine were exces- 
sively fertile, a s  measured by plant tissue content. 

Animal Pests  Affecting Recreational Water Use: 

Eutrophication: A term of recent popularity, 
eutrophication, has acquired additional meaning in 
discussions relative to the recreational use of 
lakes. Eutrophic, as  originally defined, identified 
lakes exhibiting an extreme reduction in oxygen 
concentration with depth. The more recent and 
popular definition states that eutrophic waters 
have a good supply of nutrients and may support 
rich organic production, such a s  algal blooms. 
The eutrophication process may be accelerated by 
the intentional o r  unintentional nutrient enrich- 
ment of waters. Eutrophication is then the proc- 
ess  of maturation of lakes, leading ultimately to 
their extinction through deposition of both inor- 
ganic and organic materials. The rate at which 
eutrophication occurs naturally at present defies 
quantitative measurement; but i ts  acceleration by 
human activities is clearly discernible, if not 
measurable. Accelerated eutrophication is marked 
by extensive growth of aquatic vegetation and a 
high incidence of problems relating to the con- 
sumption of oxygen and decomposing vegetation. 
A characteristic problem is  summerkill, a major 
fish mortality resulting from the excessive con- 
sumption of oxygen by decomposing algae and 
other vegetation on calm, dark summer days. 
Many of the conditions detrimental to recreational 
use which occur in lakes are  by-products of 
eutrophication, as the term is currently used. 

Excess fertility i s  indicated by certain water 
quality indicators, including phosphate concentra- 
tions in the spring of the year, total alkalinity, 
and the content of phosphorus in plant tissue 
versus the mean chloride content of the water. 
The average ionic composition of lake waters 
within the Milwaukee River watershed is  set  forth 
in Table 116, which is based upon an analysis of 
72 water samples collected from lakes within the 

Midges (Chironomidae), or  blind mosquitoes, a r e  
common around the lakes and streams of the 
watershed and inhabit the bottom muds over 
winter. Adult midges emerge and swarm with the 
warming of the water in the spring and early sum- 
mer ,  with massive occurrences common in late 
afternoon or early evening. Midges create nui- 
sances by flying against the eyes and noses of 
people, discoloring painted surfaces, reducing 
visibility, and accumulating on lighting fixtures. 
While mosquitoes (Culicidae) a re  common pests 
around lakes and streams, they a re  generally 
produced in areas covered by shallow, tempo- 
rarily standing water. Open-water surfaces are  
required for emergence; and hence the presence 
of extremely dense vegetation does not imply 
severe mosquito problems. 

T A B L E  116 

AVERAGE ICNIC C O M P O S I T I O N  OF 
ALL LAKE kATkAS I N  T H E  

N I L k A U K E E  R I V E R  WATERSHED- 1968 

S P E C I F I C  CONDUCTANCE (CMHOS).... 
PH.............................. 
TOTAL A L K A L I N I T Y  ( P G / 1  CACCj) . . .  
CALCIUM......................... 
YAGNESIUM....................... 
SCDIUH.......................... 
PCTASSIUM.. . - . - . - . . . - - . . - - . . . . - .  
IRCN........................,... 
AMONIA-NITROGEN................. 
NITRATE-NITROGEN...........,..... 
TOTAL PHOSPHATE..........-..-... 
D ISSOLVED PHOSPHATE............. 
CHLORIDE........................ 
SULPHATE........................ 

PARAYETER 

o~~~~~~~~~ I N  M G / 1  UNLESS OTbERWISE S P E C I F I E D .  

b~~~~~ ON SPRING MEASUREMENTS ONLY. 

SOURCE- WISCONSIN OEPARTYENT OF NATURAL RESOURCES. 

AVERAGE FOR 
THE HATERShEDa 



Leeches (Hirudinea) abound in still, shallow waters 
of the watershed where a suitable substrata of 
plants, stones, or debris exist. The American 
Medical Leech (Macrobdella decora) i s  the prin- 
cipal nuisance in this group. It i s  most active at 
high water temperatures. It is a strong swimmer 
and will attach itself rapidly to hosts. 

Larval trematodes (Schistosome cercariae) are  
the cause of MswimmerTs itchM and a re  common in 
several lakes of the watershed. The adults are  
parasites of birds o r  mammals. Snails provide 
an intermedial host to an immature stage; and, 
thus, its larva may be expected to abound where 
birds and snails a r e  found in large numbers. 
The stage which penetrates the skin of bathers 
cannot survive in the human host but does pro- 
duce inflammation and severe itching in some 
individuals. 

The level of insect pest problems can be reduced 
by the use of various pesticides, but such pesti- 
cides must always be applied with great care. 
Leeches may be controlled by the use of powdered 
lime and copper sulphate, but such control mea- 
sures have not as yet been undertaken on any of 
the lakes within the Milwaukee River watershed. 
TTSwimmerTs itchTT may also be controlled by the 
use of powdered lime and copper sulphate and by 
the use of copper carbonate, all of which serve to 
control the snail host. To date, such snail con- 
trol measures have been undertaken on a modest 
scale on two of the lakes within the Milwaukee 
River watershed-Long and Mauthe Lakes. Sev- 
eral  other lakes in the watershed, including 
Ellen and Random, are  also affected by TTswim- 
mer ' s  itch." 

Aauatic Plants Affecting Recreational Water Use: 
Overabundant aquatic plant growth interferes with 
swimming, fishing, boating, and associated rec- 
reational activities and greatly reduces the aes- 
thetic value of lakes and streams. Different 
recreation users  place different and often con- 
flicting values on rooted aquatic plant growths; for 
example, fishermen consider weed beds desirable, 
while swimmers consider such beds objectionable. 
Excessive algae growths, however, a re  objection- 
able to most recreational uses. 

The excessive growth of rooted aquatic vegeta- 
tion was found to be a problem in seven of the 
21  major lakes studied within the watershed: Big 
Cedar, Crooked, Kettle Moraine, Long, Lucas, 
Seven, and West Bend Pond. In addition, exces- 

sive algae growths were found to exist in nine 
lakes: Barton Pond, Ellen, Forest, Mauthe, Mud 
(Fond du Lac County), Random, Smith, Twelve, 
and West Bend Pond. These 16 lakes have weed 
o r  algae problems or  both sufficiently serious to 
warrant expenditures for control measures. 

A listing of the relative abundance and presence 
of aquatic plants found in the Milwaukee River 
watershed i s  presented in Table 112. Species of 
stonewort, pondweed, and water milfoil a re  the 
most abundant species found in those lakes that 
exhibit excessive vegetational growths. Though 
efforts have been made to control aquatic vege- 
tation, quite frequently less desirable species 
replaced those which were destroyed. Large- 
leaved pondweeds a re  commonly replaced by 
fine-leaved forms which can grow in even greater 
profusion. 

Algal blooms become more frequent a s  a result of 
overfertilization, particularly in lakes inhabited 
by carp; and these blooms a r e  marked by charac- 
teristic shifts in distribution and composition of 
the algal community. The TTblue-greenTT species 
of algae (Anabaena, Aphanizomenon, Microcystis) 
tends to dominate the green species of algae, and 
fewer species, but many more individuals, a re  
found. The layer in which photosynthesis can 
occur under surface masses of algae is thinner 
due to the shading effect of the masses of algae. 
Under such conditions fishing quality generally 
deteriorates. Except for walleyes, the larger 
predators, which a re  commonly sight feeders, 
become ineffective under reduced visibility. Bot- 
tom feeders, such as  carp, maintain their effec- 
tiveness and persist in greater numbers. Rich 
organic sediments, which accumulate in the overly 
fertile environment, are  unsuited to the spawning 
of more desired species. The rough fish problem 
encountered in six of the major lakes studied, 
including Barton, Green, Little Cedar, Smith, 
Twelve, and West Bend, is associated with exces- 
sive fertility. 

Fish Management Problems: The most serious 
fishery-related problems result from human 
activity in the watershed. Lake- and stream-bed 
alterations have resulted in the loss of consid- 
erable habitat. The deposition of sedimentary 
materials directly on the beds of lakes has 
resulted in destruction of spawning areas, with 
serious destruction on Big Cedar and Wallace 
Lakes, lakes which had only limited desirable 
fish-spawning habitat to begin with. Lakeshore 





improvement and the creation of a few open 
waterways through wetland areas bordering lakes 
have created additional areas of shallow water and 
increased the plant productivity of certain lakes. 
Soil erosion, resulting both from poor agricul- 
tural soil conservation and water management 
practices and from urban development, has 
served to increase problems associated with 
sedimentation and the attendant destruction of 
spawning areas. 

One of the more serious fish management prob- 
lems within the watershed is  the abundance of 
rough fish. Introduced into the watershed by 
man, carp have flourished to the detriment of 
other, more desirable, species of fish life and 
have afflicted streams, as well as lakes. Most of 
the lakes draining directly into the Milwaukee 
River stream system have carp populations, 
although not always of a problem proportion. In 
fertile shallow lakes, the presence of carp may be 
disastrous to other forms of fish life. 

Intense fishing pressure within the watershed has 
resulted in a heavy harvest of northern pike and 
largemouth bass, especially from the smaller 
lakes. Although panfish are  harvested exten- 
sively, crowding has led to stunting or  slow 
growth rates in at least 10 of the 2 1  major lakes 
studied within the watershed. While a practical 
control method of the stunted panfish problem is 
yet to be developed, the loss of large predators, 
protection from sight feeders offered by turbid 
water, and an overabundance of nursery areas 
due to extensive weed growths all contribute to 
this problem. 

Disease-induced mortalities are  a minor fishery 
problem on some of the shallower lakes. Fish 
mortalities resulting from oxygen depletion occur 
in both summer and winter; however, the mortali- 
ties occurring in the winter are considered'to be, 
in most instances, natural phenomena abetted by 
human activity within the watershed. The fre- 
quency of fishery species is summarized in Fig- 
ure  85 for the major lakes of the Milwaukee 
River watershed, and fishery locations for all 
streams within the watershed are shown on 
Map 60. 

WETLANDS 

Description 
Wetlands comprise a prominent feature of the 
natural environment. As such, they function not 
only as an integral part of the hydrological system 

but also have topographical, biological, agricul- 
tural, and aesthetic relationships and values. 
Wetlands are also important recreation-related 
resources, having not only recreational value as 
hunting preserves and wildlife habitat areas but 
also scientific value as natural laboratories and 
aesthetic value as highly visible parts of the 
natural landscape. Although the identification of 
wetlands involves consideration of a number of 
physical and vegetative conditions, the working 
definition of the term llwetland,'l adopted for use 
in this study, is: any natural area where the water 
table either intersects and lies above the surface 
of the earth o r  lies so close to the surface of the 
earth that the raising of a cultivated crop is usu- 
ally not possible. Wetlands may be classified into 
seven types: pothole, fresh meadow, shallow 
marsh, deep marsh, shrub swamp, timber swamp, 
and bog. The definitions of these seven types are 
set  forth in Appendix K of this report. 

All of the wetlands within the watershed, as iden- 
tified by application of the above definition, and 
having a surface area of 50 acres or  more were 
identified and mapped as complexes of the afore- 
listed seven basic types. Utilizing topographic 
maps, current Commission aerial photography, 
detailed operational soils maps, and piezometric 
maps, 199 wetland units, totaling 62 square miles 
in surface area, were identified and delineated 
within the watershed (see Map 21 ). The wetland 
units so inventoried were, as already noted, com- 
plexes of the seven basic wetland types. Although 
the units may have, in some cases, consisted of 
monotypes, typically the units consisted of a 
mixture of all or  several types which could be 
grouped into four composite type categories: 
meadow, marsh, shrub swamp, and timber swamp. 
A determination of the composite type of each of 
the 199 wetland units was carried out by a point 
sampling method, with the results indicated in 
summary form in Table 118. 

TAHLF 118 

T Y P k  d k D  C C M P L S I T I O N  CF 
THE S I G N I k I C A \ T  d E T L A Y D  U N I T S  

I N  T H t  M I L H A U K L E  R I V E R  W A T E R L P t U  

PERCENT OF TOTAL 
COMPOSIT ION WETLAND AREA MAPPED 

5 3 

1 0 0  

SOURCE- WISCONSIN  OEPARTMENT OF NATURAL RESOURCES. 



An approximate breakdown of the marsh com- 
posite type, based upon the total of such marsh 
composite units mapped, was: 2 percent shallow 
marsh; 1 percent deep marsh; and less than 1 per- 
cent pothole and bog. The marsh composite 
type includes the usually wetter areas with some 
exposed surface water and totals only 4 percent of 
the total wetland area mapped. The remaining 
categories, constituting the drier types, comprise 
96 percent of the total area mapped; but inter- 
spersed in the drier  types is perhaps an additional 
6 percent of very wet area, thus reducing the 
"drier" category to 90 percent and raising the 
T1wetT1 area to 10 percent. Under many conditions 
a large, additional amount of timber swamp may 
also seasonally be very wet. A summary listing 
of the acreage, quality rating, and recommended 
game management practices with major game 
species is set forth in Appendix L of this report. 

As is true of lakes, two general morphological 
conditions produce wetlands. The first  is a basin, 
o r  seepage, situation (the seepage may occur in 
valley bottoms or  on slopes); and the second, a 
drainage situation in connection with a water- 
course. Both represent a surf ace exposure of the 
upper water table. Typically, the latter type has 
been ditched to some degree to facilitate surface 
runoff and to permit some cultivation of row crops 
in portions of the ditched wetland in dry years. 
The former situation, being a landlocked one, 
makes ditching less feasible; and a more constant 
water table level is likely to prevail. Within the 
Milwaukee River watershed, a basin, o r  landlocked, 
condition was found to exist for about 22 percent 
of the 199 identified wetland units, totaling about 
12,000 acres; and a surface drainage condition 
through some outlet was found to exist for about 
73 percent of the 199 identified wetland units, 
totaling about 26,000 acres, with many of these 
units lying in the floodplain of a stream or  water- 
course. The remaining 5 percent was found along 
lakeshores and could represent either situation. 

Because the water table may vary greatly season- 
ally, as well as annually, the "wetnessM of the 
wetlands will vary greatly. Unlike a lake, where 
water depths and bottom slopes a re  usually much 
greater, the typical wetland is either covered by 
very shallow water o r  consists of a vegetative mat 
or  muck and peat soils near the water table. 
Therefore, any fluctuation in the water level has 
an immediate and readily apparent effect on the 
entire wetland surface. The drainage types of 
wetlands conform to the configuration of the valley 

floor in which they lie and hence are  often long, 
sinuous, and branched, with the width depending 
on the broadness of the valley, as well as on the 
marginal use of the floodplain. Soils, in addition 
to the organic series,  will commonly include 
alluvial types, bearing stratified outwash mineral 
residues. Springs may occur along their length, 
often changing to a wetland what would otherwise 
be just a periodic stream overflow area. The 
basin, or  seepage, wetlands tend to an irregularly 
rounded form due to their glacial origin. Soils 
commonly include fine textured silts and undiffer- 
entiated till under muck and peat deposits. 

Chemically, the wetlands of the watershed are  
basic, reflecting the bedrock geology of the water- 
shed. The peat and muck soils occurring in the 
wetlands, a s  well as the poorly drained mineral 
types, a re  even less acid than the upland silt 
loams, probably because of the perfusion of these 
soils by lime-bearing waters. This is contrary to 
the usual condition of peat soils being highly 
acidic. The peat and mucks within the wetlands 
vary greatly in depth from a few feet to perhaps 
20 feet and more. In addition to a high calcium 
content, the wetland soils are  often low in phos- 
phorus and potassium, as  well a s  in minor ele- 
ments; and, therefore, the general fertility of 
these wetland soil types is low. 

The microclimate of the wetlands within the 
watershed tends to differ somewhat from that of 
the uplands, largely because of the low situation 
of the wetlands in the landscape. Cold air drain- 
age into the wetlands results in a lower average 
temperature than in upland areas and in a shorter 
frost-free growing season. Excessive condensa- 
tions, a s  indicated by fog formation, are  also 
present; and the latent heat released may forestall 
greater drops in temperatures. As already noted, 
the net evapotranspiration ra te  for wetlands with 
emergent vegetation is generally believed to be 
little different from that for open water. 

Loss of Wetlands 
In the wetlands inventory of the Milwaukee River 
watershed, it was very apparent that many pas- 
ture lands and low fields under cultivation were 
derived from wetlands. This was evident from 
the presence of wetland soil types -pests, mucks, 
and poorly and very poorly drained mineral 
soils-which are not under cultivation. The analy- 
ses  indicated that approximately 120 square 
miles, o r  17 percent of the area of the Milwau- 
kee River watershed, were originally cove-red 
by wetlands and that only 62 square miles, o r  



about one-half of this original wetland area, 
remain. It is evident that a deterioration of 
the quality of the remaining wetlands has also 
taken place. 

Problems Related to Wetlands 
Some of the more important problems related to 
the wetlands of the watershed include recycling of 
nutrients, unstable water levels, odors, undesir- 
able insects, undesirable or  nuisance plant and 
animal species, undesirable natural water quality, 
conversion to agricultural use, conversion to 
urban use, and loss of environmental amenities. 
Each of these problems is discussed in the fol- 
lowing sections. 

Recycling of Nutrients and Water Quality: Wet- 
lands adjacent to lakes and streams have great 
value as  fish and wildlife habitat. The effect of 
wetlands on water quality i s  not well understood. 
Wetlands a r e  sometimes considered to act as  
f i l ters  of waters flowing through them, trapping 
nutrients present in growing plants. After the 
plant material produced each season decomposes, 
however, the nutrient in the plant tissue very 
likely finds i ts  way into any interconnected lakes 
and streams, thus contributing to the surface water 
fertility. In addition, drainage from marshes and 
bogs sometimes contributes water low in dis- 
solved oxygen and high in iron, color, organic 
material, and other compounds. These undesir- 
able water quality characteristics probably do not, 
in a natural state, offset the recreation and aes- 
thetic values of wetlands. However, if wetlands 
a re  drained, tiled, plowed, or  fertilized, the 
natural rate of decomp~sition is accelerated; and 
the contribution of undesirable nutrients and other 
materials may be greatly increased. 

Nutrient relationships in undrained wetlands a re  
not well understood o r  documented. It is known, 
however, that both chemical and microbial oxida- 
tion and reduction a re  related to nutrient produc- 
tion. In the waterlogged soil of a wetland, oxygen 
deficiency occurs; and, therefore, reduction of 
chemical compounds i s  accelerated. Iron, man- 
ganese, and phosphorus a re  soluble in such a 
reduced state, while they a r e  nearly insoluble in 
a well-oxidized condition. These elements a r e  
leached out of permanently waterlogged soil 
layers. Iron and manganese may be redeposited 
in surface soil horizons if the water table 
fluctuates through this zone causing alternate 
oxidation and reduction. Only small deposits, 
indicated by soil mottling, may form; or  fairly 

massive deposits may form, as  in the case of 
iron pan, often found in wetlands (bog ore). 

If the water table is always above the mineral soil 
surface, organic materials accumulate faster than 
they can be incorporated into the soil. If the 
accumulated material is below the water level, i t  
undergoes very slow decomposition by anaerobic 
microorganisms. Anaerobic decomposition is rel- 
atively inefficient, and only the more easily 
decomposable materials a re  broken down. This 
leaves the structural materials, lignins and cel- 
l u l o s e ~ ,  relatively intact so that the plant species 
a r e  still identifiable. This accumulated material 
is called peat. If the water level declines below 
the accumulated organic material for significant 
lengths of time, aerobic decomposition also takes 
place. Such decomposition is more efficient and 
hence more complete and results in the formation 
of muck, Often these two kinds of organic soils 
a re  found together, with the peat being covered by 
a layer of muck. The type of decomposition is 
important in wetland chemistry because, under 
normal anaerobic conditions, methane (marsh 
gas), sulfides, and ammonia a r e  the end products 
of decomposition. These are  odoriferous but are  
bound up or  oxidized near the surface to carbon 
dioxide, water, sulfates, and nitrates. When 
the decomposing materials a re  exposed, either 
through drought, drainage, or  disturbance, a tem- 
porary odor problem exists until an aerobic con- 
dition is reestablished at the new surface. 

Ammonia is the chief nitrogenous compound pro- 
duced in anaerobic decomposition. It appears that 
most of i t  is either held on the surface of the 
decomposing material by i ts  base exchange capac- 
ity or  i s  tied up in the bodies of the decomposing 
organisms. Drained organic soils are  high in 
nitrogen, usually set  free a s  nitrates by oxidizing 
bacteria; and drained wetlands are,  therefore, 
contributors to lake eutrophication. Little nitro- 
gen loss, however, seems to occur in undrained 
wetlands. Phosphorus is another element con- 
tributing to lake eutrophication found in large 
quantities in wetlands. It i s  soluble under reduc- 
ing conditions and is washed out of waterlogged 
soils when drained. It can be expected to be 
present in higher concentration in waters with low 
dissolved oxygen content. Sulfides likewise may 
be released under these conditions. This release 
of phosphorus and sulfides may also occur under 
ice or at the time of breakup. 



As already noted, wetlands have a high evapo- 
ration rate,  approaching that of a free water 
surface. Probably the highest evaporation occurs 
in the pothole type of wetland, which receives 
ground water that has flowed through calcareous 
dolomitic till. This appears to be a one-way sys- 
tem, with many nutrients washed into the potholes 
and left there by evaporation. Other wetland types 
having water flowing through a re  also enriched by 
this evaporative process. Water flowing through 
drainage-type wetlands can be expected to have i ts  
dissolved oxygen content reduced and i t s  phos- 
phorus content increased with little effect upon its 
nitrogen content. In general, intake water, ra te  
of flow, disturbance, and many other factors 
modify wetlands chemistry so that conditions need 
to be carefully specified. 

Unstable Water Levels: Typically, wetlands lie in 
shallow basins with very gentle bottom gradients. 
This makes them extremely sensitive to any 
changes in water level. Whereas a one-foot 
decline in the water level of a steep-sided lake 
would hardly be noticeable, such a decline in a 
typical wetland might change i t  from an open sheet 
of water to an exposed mat of vegetation. Con- 
versely, a slight increase in water level can 
extensively flood a wetland. Consequently, plants 
and animals must be hydrophytic or  amphibious in 
nature to inhabit a wetland area. Adaptation by 
the permanent biota was achieved only through 
thousands of years of slow change under a wide 
spectrum of mechanisms. Occasionally the de- 
mands exceed the capacity to adjust; and changes 
in species may result. Thereupon a new ser ies  of 
plant and animal types may be induced into the 
area. The threat of such changes may be lessened 
o r  may be increased by human activities. If 
seasonal flooding is either prolonged or  unduly 
restricted, changes in the characteristics of the 
wetlands may result. Excessive water depth, if 
prolonged, will kill cattail stands; in contrast, 
more rapid drainage of floodwaters will inhibit 
such undesirable species as the millets, smart- 
weeds, and duck potato. 

Fluctuation of the water level will contribute to 
the water transport of plant materials and debris. 
Soluble materials may be expected to move up and 
out of the wetlands during periods of rising water 
levels, while alluvial materials may be settled out 
during periods of declining water levels. Fluctu- 
ating water levels may also aggravate or create a 
mosquito problem as  some species avail them- 
selves of the temporary water conditions pro- 

vided. Any permanent alterations of the water 
level would completely modify a wetland, either 
turning i t  into dry land or into a lake. 

Odors: Odors from wetlands are  produced in two 
ways. One is through anaerobic decomposition of 
organic deposits, which yields the gases methane, 
hydrogen sulfide, and ammonia. All of these have 
strong characteristic odors. Under normal cir- 
cumstances, water bacteria oxidize these gases 
so that they do not escape into the air except 
during drought or  after drainage. The second 
source of odors is  algae, which may abound if 
the wetland receives excessive enrichment, a s  
from field fertilizers. Typically, mid-to-late 
summer is the most obnoxious period for pro- 
ducing wetland odors due to high temperatures, 
lowered water levels, and accumulated vegeta- 
tive growth. The drier  types of wetlands a re  
much less of a problem in this regard than a re  
marsh types. 

Undesirable Insects: The major undesirable group 
of insects associated with wetlands is the mos- 
quito, although wetlands contribute less to the 
mosquito problem than is commonly believed. 
There a re  many species of mosquitoes, only some 
of which bite man; and mosquitoes may be pro- 
duced in large numbers in areas other than wet- 
lands. In addition to tin cans, eave troughs, and 
other containers, temporary stands of water in 
fields, woods, and t ree  cavities may "come to 
lifelf from previously deposited eggs after snow- 
melt or heavy rains. Some of the hardest biting 
species have life cycles of only a few days. Many 
of the larger wetland areas, if a well-diversified 
biota is present, generate relatively small num- 
bers  of mosquitoes. Locally, black flies and deer 
flies may also create nuisance situations. 

Conversion to Agricultural Use: Conversion to 
agricultural use is a common cause of the loss of 
wetlands within the Milwaukee River watershed. 
The requirements for cultivation a re  good drain- 
age and a cleared surface free of trees,  brush, 
and sod. Therefore, the measures necessary to 
convert wetlands to agricultural use vary with the 
nature of the wetland. Drainage is usually accom- 
plished by ditch construction, which serves to 
lower the water level by conducting ground and 
surface water to some larger surface drainage 
system. To increase the ra te  and effectiveness of 
drainage, drain tile may be installed to aid the 
flow of ground water to lateral ditches or  canals. 
Surface material may be burned off o r  bulldozed 



and grubbed, then piled and burned. Sod in sedge 
meadows may be disced and plowed. All of these 
measures serve to destroy the original wetland. 

Having once been converted to tillage, these areas 
undergo further changes. Muck soils become 
friable and powdery when dry and, due to their 
organic composition, also become very light in 
weight. Such soils are thus susceptible to wind 
erosion in the absence of ground cover and of such 
soil conservation practices as shelter belts. Their 
organic nature also makes such soils subject to 
oxidation over time. The muck and peat soils are 
highly compressible and subject to undesirable 
compaction when heavy farm equipment is used. 
These soils also have a large total surface area, 
a characteristic of soils having many fine parti- 
cles and, therefore, have a high capability of 
adsorbing pesticides. Organic soils generally 
require considerably heavier applications of her - 
bicides to achieve the same control as lesser 
application rates on normal mineral soils. The 
use of stable pesticides, which degrade only very 
slowly on such soils, may result in accumulations 
reaching very high levels with repeated applica- 
tions. Subsequent transfer of the soil particles by 
wind o r  water erosion might transfer the pesti- 
cides into other areas, creating serious environ- 
mental pollution. 

Undesirable Plant Communities: Disturbance of 
wetlands induces vegetational changes. Following 
the death of tamarack induced by sudden drain- 
age, a shrub community of poison sumac and 
dogwood typically develops. Willow eventually 
replaces the sumac, instituting a shrub carr. 
Should the shrubs and tree stumps be grubbed 
out following demise of the tamarack, a sedge 
or  grassy meadow develops. Grazing on both 

drained and undrained sedge meadows leads to a 
bluegrass-redtop grass pasture. Vervain and 
thistle invade as weeds if the grazing becomes 
severe. On drained peat lands redtop gives way to 
bluegrass as compaction or further drainage 
causes more drying of the site. In the absence of 
occasional burning or  mowing, shrub carr  will 
invade the pastured meadow as it does ungrazed 
meadows. Persisting stinging nettle may become 
a problem on drained and burned peat lands. 

Conversion to Industrial and Urban Uses: The 
expansion of urban development within the Mil- 
waukee River watershed has been well documented 
in other parts of this report. Initially, urban 
development takes place on the higher and drier 

sites; but rising land values often result in the 
development being expanded into adjacent, less 
desirable, lowland areas. Typically, the develop- 
ment of such lowland areas entails the filling of 
wetlands, often preceded by excavation of the 
organic surface soil layers, and is accompanied 
by urban drainage improvements. Not only does 
the urban development process destroy the irnme- 
diate wetland involved, but remaining adjacent 
wetlands a re  also placed in jeopardy. The adjoin- 
ing lowland is apt to suffer dumping of waste 
o r  scrap, polluting materials, and excessive 
fertilization from lawns o r  septic tanks. In such 
instances the remaining wetland may degenerate 
into a cesspool condition. Land fill for solid waste 
disposal, of course, obliterates the wetland. 

The proximity of urban development to the wetland 
may lead to considerable disturbance of the larger 
and more conspicuous members of the fauna and 
flora. Dogs and cats roaming the area, as well as 
undirected children, may lead to both discourage- 
ment and direct loss of some species. Chemical 
treatments of various sorts  for insects and aquatic 
weeds may further abuse the community structure 
of the remaining area. The end result often is a 
waste area that has lost much of i ts  original 
diversity, interest, and resource value. 

Wildlife: Wildlife preservation problems usually 
accompany the conversion of wetlands and adja- 
cent areas to agricultural and urban uses. The 
wildlife may, in turn, create nuisance conditions 
for man in a number of ways. Such conditions 
may result from wildlife feeding habits resulting 
in browsing or  girdling in gardens, orchards, o r  
on other shrubs and trees by field mice, rabbits, 
and deer; from burrowing o r  tunneling of lawns or 

banks by muskrats or  woodchucks; from break-ins 
by squirrels o r  raccoons; o r  from offensive odors 
created by skunks denning in foundations. The 
possibility of the transmission of diseases o r  
parasites from wildlife to pets and humans exists, 
and actual known cases occur annually. Poultry 
is especially vulnerable to predation by foxes 
and raccoons. 

Conversely, the activities of man may adversely 
affect wildlife. Some effects of human activities 
on wildlife may be indirect. Certain original 
endemic species, such as free-ranging bison, elk, 
and bear, disappeared early because of their 
space and forage requirements and their massive- 
ness. Being highly adaptable and cunning, such 
species as the fox and skunk are able to profit 



from an association with man; and the species 
may actually grow in numbers with agricultural 
and even suburban development. The suppression 
of predators, such as hawks and owls, may permit 
rapid growth of field mice populations and also 
may permit rabbit and squirrel populations to 
become objectionably high. 

Direct impact of man on wildlife comes through 
nest molestation or destruction, attrition by dogs 
and cats, indiscriminate hunting, by auto collision, 
and by entanglement or  entrapment in fences. 
Direct o r  indirect poisoning may also occur. 
Nests of birds, such as the pheasant and Hungar- 
ian partridge, are  destroyed in haying; and often 
rabbit nests are  similarly destroyed. 

Loss of Environmental Amenities: Wetlands lend 
contrast to the landscape, providing needed open 
space and a relief feature o r  backdrop to any 
monotony in the surroundings. If sheeted with 
water at times, an even more varied and interest- 
ing feature is provided. When any ruggedness 
exists in the topography, the wetlands form a base 
level for the landscape. Drainage and filling of 
wetlands for agricultural disposal or  urban use 
will generally result in a lack of the visual 
amenity wetlands can provide in the total land- 
scape. Much more subtle is the progressive loss 
of the biological complexity o r  diversity of a wet- 
land through deterioration associated with devel- 
opment. The basic elements may remain; but a 
lackluster condition evolves, along with a degra- 
dation of the natural environment. With the 
addition of contaminating elements or  foreign 
materials, a permanent alteration and attrition 
may develop. 

Diversity in the biota is more than just a pleasant 
extra; i t  is a highly desirable state essential 
to maintaining an ecological balance. When a 
community is fully stocked, there are  more 
organisms available to create a more balanced 
predator-prey relationship; and this condition 
helps prevent outbreaks o r  irruptions of pests or  
nuisances. Diversity is the original ecological 
control that must increasingly be returned to as a 
substitute for chemical control methods if the 
overall quality of the environment for life is to be 
preserved. When man forces biological simplifi- 
cation on the native biota, this reduction in diver- 
sity permits irruptive situations to develop. From 
a biological standpoint, the loss of diversity as 
wetlands are  destroyed is probably the greatest 
loss of all the amenities. The loss is in the 

variety and numbers of interesting wild crea- 
tures which add to the aesthetic quality of the 
total landscape. 

WOODLANDS 

Description of the Recreational Resource 
Woodlands a r e  a resource with immense and 
varied value to a civilized society. When the first  
European settlers came to the Milwaukee River 
watershed, they encountered abundant woodlands 
of oak, maple, ash, basswood, cherry, walnut, 
elm, and other hardwood species (see Map 61). 
Based upon an analysis of the records of the 
U. S. Public Land Survey carried out within the 
watershed from 1832 to 1836, i t  is estimated that 
approximately 368,562 acres, or  83 percent of the 
total area of the watershed, was covered by wood- 
lands. These woodlands were beautiful and their 
products essential for the development of the 
watershed and the Region. Extensive timber 
cutting over the years reduced the woodland area 
in both size and quality. Woodlands were cleared 
to grow wheat and corn and to raise cattle. Areas 
of steep land, infertile soil, and wetlands pre- 
vented the settlers from clearing all the land. 
Most of the areas left in woodland cover were 
and are  still better suited to growing trees than 
agricultural crops. 

Woodland inventories made as a part of the Mil- 
waukee River Watershed Study, utilizing the Com- 
mission's 1967 aerial photographs, indicate that 
woodlands presently cover 70,885 acres, or  
approximately 16 percent of the total land area of 
the Milwaukee River watershed (see Map 20). 
Thus, only 19 percent of the original woodland 
cover remains. These woodlands constitute an 
invaluable natural resource. Trees brighten the 
landscape and soften the lines of lakeshores and 
streambanks. They represent the largest and 
oldest of living things in the Milwaukee River 
watershed. Woodlands maintain a unique natural 
relationship between plant and animal communi- 
ties, reduce storm water runoff, provide a source 
of income to landowners, and provide a resource 
base for forest product industries. They reduce 
disquieting sounds of the countryside and the 
effects of solar radiation; they screen unsightly 
areas and limit the movement of wind, dust, and 
snow; and they protect watersheds and control 
erosion. In addition, trees and shrubs and wildlife 
associated with them provide daily reminders of 
man's relationship with nature. In short, here is 
a direct means of reinforcing human dignity and 



LEGEND 

% k T P i H I T E  ow, BLUESTEM 

SWTHERN MEJlC FOREST 
SUMR M A R E .  BASSWOOD. AND ELM 

rn fiz::?A% :::zo OAK 

F ~ ~ ~ ~ ~ ~ . ~ e ~ m ~ c K K  CEMR 

Over 80 percent of the Milwaukee River watershed was covered by woodlands when the first Eu. 
ropean settlers entered the watershed in the early 1830's. About 17 percent of the watershed was 
covered by wetlands. Today, only about 19 percent of this woodland area and about 50 percent of 
this wetland area remain; and the destruction of the remaining woodlands and wetlands continues. 

"L.,., ," , , , *,, .. ,. ,- -- 
Source: Wisconsin Geological and Natural History Survey. 



freeing human spirits now encircled by monotony, 
rigidity, pollution, and physical blight. Woodlands, 
through implementation of balanced use and sus- 
tained yield management, can produce repeated 
crops of wood products, as well as aesthetic 
beauty, and can simultaneously serve this com- 
bination of productive uses. A value rating of 
the remaining woodlands in the Milwaukee River 
watershed is set forth in Table 119 and shown on 
Map 20. 

Most of the woodlands in the Milwaukee River 
watershed are  established on moraines, stream 
bottom lands, and wetland areas, occupying more 
than one-half of these areas at some locations. 
Approximately 250,000 trees on some 250 acres 
of land are  planted in the Milwaukee River water- 
shed each year. It is estimated that the woodland 
acreage being destroyed for the construction of 
roads, buildings, and other purposes and by live- 
stock grazing, land drainage, and neglect is 
approximately 400 acres per year, or  150 acres 
greater annually than that being planted to trees. 

This destruction of natural woodlands will accel- 
erate unless proper management is practiced and 
a more intensive reforestation program applied. 

Five identifiable woodland types are  established in 
the Milwaukee River watershed: 1) oak, 2) central 
hardwoods, 3) northern hardwoods, 4) upland coni- 
fers,  and 5) wetland conifer-hardwoods (see Table 
120). The acreage of each type within the water- 
shed was estimated by foresters of the Wisconsin 
Department of Natural Resources utilizing 1967 
Commission aerial photographs, U. S. Geological 
Survey Maps, and their personal lmowledge of the 
woodland areas of the Milwaukee River watershed, 
supplemented by field checks on almost all of the 
remaining woodland acreage within the watershed. 

Central Hardwoods Type: The central hardwoods 
type is the most abundant forest type in the water- 
shed, comprising 25,453 acres, o r  36 percent of 
the total woodland cover. The dominant feature of 
this type, even before white settlement, was its 
diversity of composition. Two broad vegetative 

T A B L E  119 

V A L U E  R A T I N G S  OF WOODLANDS IN T h E  
M I L W A U K E E  R I V E R  WATERSHEO 8 Y  COUNTY- 1967 

SOURCE- WISCONSIN DEPARTMENT OF NATURAL RESOURCES AND SEWRPC. 
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WOODLANDS I N  THE M I L W A U K E E  R I V E R  WATERSHEO B Y  COUNTY B Y  F O R E S T  TYPE- 1967 

AESTHETIC WOODLANDS 

45 45  -- -- 100 LOO -- 100 100 -- 
4,025 2 1  -- -- 18.520 98  375 2 18.895 1 0 0  -- -- -- -- 1,515 100 -- -- 1.515 100 
3.845 3 1  -- -- 11.920 9 7  360 3 l 2 t 2 8 0  100 
2.465 15 -- -- 15.380 9 5  670 5 16.050 100 
6.125 28  -- -- 20.545 93  1.500 7 22.045 100 

SOURCE- WISCONSIN OEPARTMENT OF NATURAL RESOURCES AN0 SEWRPC. 
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associations a re  distinguishable, depending on site 
quality. On the drier  sites, stands consist pre- 
dominantly of oaks, while on the more moist sites, 
they contain a heterogeneous mixture of species, 
including red, white, and burr  oak; sugar, red, 
and silver maple; basswood; white and green ash; 
bitternut and shagbark hickory; black cherry; 
beech; black walnut; and American and slippery 
elm. The present composition of a stand usually 
depends more on its past treatment than on-site 
quality. Thus, the trees present now a r e  not nec- 
essarily the species best suited to the site; nor 
a re  they the ones considered most desirable. The 
species to favor and manage and to reintroduce, if 
necessary, a re  the most valuable and attractive 
species that had grown on the site originally, 
prior to i ts  deterioration. 

Lack of management and excessive grazing by 
livestock have made stands of this type of species 
deficient in reproduction and sapling-siz e trees. 
The central hardwoods type has a dependable 
reproduction potential if livestock a re  excluded, 
but i t  must be properly managed to be fully pro- 
ductive for sustained yield. Mature stands must 
be harvested in a way to regenerate preferred 
species in adequate amounts for the site. Under- 
stocked stands, and these a re  in the majority, or  
stands with undesirable species may need a 
reproduction cut prior to a harvest cut in order to 
quickly improve stand composition and achieve 
full utilization of the site. The central hardwoods 
type under management can furnish good timber 
for the commercial market and, equally important 
in this watershed, provides a suitable wildlife 
habitat and outstanding natural beauty to the 
countryside. 

Northern Hardwoods Type: The northern hard- 
woods type comprises 17,798 acres, or  25 percent 
of the total woodland cover within the watershed. 
It is established primarily on comparatively deep 
soils with good moisture and fertility, conditions 
conducive to the production of quality timber if 
management is applied. The principal species a re  
sugar and red maple, red and white oak, beech, 
basswood, and American elm. Frequently asso- 
ciated with the above species are white ash, black 
cherry, and rock elm. The Dutch Elm disease 
has killed many elms in this woodland type; but, 
through proper management, other t ree  species 
can close the openings and gradually return the 
woodlands to normal density and appearance. 

This type of woodland within the watershed usually 
has appreciable amounts of residual old growth of 
mature trees that were either unmerchantable 
or  not wanted by the buyer at the time of the last 
cut. Unmanaged stands also contain substantial 
amounts of defective and poorly formed trees in 
addition to unwanted species. The present com- 
position of the stands usually is the result of their 
past neglect rather than on-site quality. As a con- 
sequence, the trees on a given site are  not neces- 
sarily a dependable guide to the species best suited 
to the site. The species to favor and manage, o r  
to reintroduce, should be selected from the most 
valuable and attractive species known or believed 
to have been present on the site originally. 

Oak Type: The oak type comprises 5,533 acres, 
o r  8 percent of the total woodland cover within the 
watershed. It occurs principally on dry uplands of 
glacial moraines, particularly on ridge tops and 
on south and southwest slopes. Primary species 
a r e  black oak and shagbark hickory on the drier  
sites; and white oak on the better sites. Due to 
the lack of proper management, oak type wood- 
lands have rapidly deteriorated over the years. 
An inherent characteristic of this type is i ts  low 
reproduction potential. Heavy grazing by live- 
stock, however, has been the chief contributing 
cause to i ts  generally poor condition. Most oak 
type woodlands a re  understocked and noticeably 
deficient in reproduction and sapling-size trees. 
They often have a park-like appearance; and, 
because of this condition, as  well as  their loca- 
tion, they possess not only a significant aesthetic 
value but also a high value for urban-type resi- 
dential development. Because woodlands of the 
oak type usually a re  established on ridge tops 
and upper slopes, the trees, often readily seen 
from a distance, contribute appreciable beauty 
to the countryside. 

Virtually no management by private landowners i s  
presently being applied to oak type woodlands. 
Without management the stands are  grossly under- 
stocked, the trees a re  mature o r  nearly mature, 
and there i s  little o r  no reproduction taking place 
to perpetuate the stands. If this neglect con- 
tinues, the acreage of the oak type i s  expected to 
decrease; and the woodlands will gradually dis- 
appear from the watershed. 

Upland Conifer Type: The upland conifer type 
comprises 4 ,977 acres,  o r  7 percent of the total 
woodland cover within the watershed. It consists 
of plantations mostly of red and white pine and 



white and Norway spruce. Plantations on the 
Kettle Moraine State Forest also include other 
species, such as white cedar, black spruce, and 
jack pine. Plantations are  even-aged in blocks, 
having been machine-planted on open land. Tree 
survival has been exceptional; therefore, many 
of the older plantations are  overstocked and 
approaching the age where intermediate manage- 
ment practices, particularly thinning to optimum 
density and pruning of crop trees,  are  needed. 
This woodland type provides greenery to the 
countryside during every season of the year. 

Wetland Conifer-Hardwoods Type: The wetland 
conifer-hardwoods type comprises 17,124 acres, 
o r  24 percent of the woodland cover within 
the watershed. It is established principally on 
the poorly drained peat soils of the watershed. 
Tamarack-the only deciduous conifer native to 
Wisconsin and a species extremely susceptible to 
even minor changes in the water table level-is 
the most abundant conifer of this woodland type. 
Tamarack is the only t ree  species growing natur- 
ally within southeastern Wisconsin today that has 
survived from the original post-glacial forest. 

White cedar o r  arbor vitae is found in small 
amounts along streams o r  in cool swamps where 
the water i s  not stagnant, usually mixed with 
hardwoods. It is one of the preferred species for 
deer browse; and, in this respect, i t  i s  exceed- 
ingly important in recreation areas. Various 
hardwood species, including swamp white oak, 
American and slippery elm, silver maple, black 
and green ash, and black willow, also occur in the 
wetland conifer-hardwoods type; but, while the 
trees display a certain natural beauty, they a re  
seldom of adequate size and quality for commer- 
cial use. This woodland type i s  important as  
wetland cover, as  well as  a retreat and shelter 
for wildlife. Drainage of wetlands has had a 
serious, detrimental effect on this woodland type. 
In some instances the woodland cover has been 
completely destroyed. 

Problems Related to Woodlands 
Insects and Diseases: Adequate protection i s  an 
essential part of the management of woodlands 
valued for aesthetics, recreation, timber, wild- 
life, o r  homesites. Only when woodlands a re  pro- 
tected from the various destructive agents can 
long-range plans for their development and use be 
carried out. Insect and disease enemies of wood- 
lands are  numerous and are  constantly working to 
destroy the stands; and prompt action is  required 

in dealing with these destructive agents in order 
to prevent not only wood product losses but also 
the loss of the other woodland values. 

Healthy, vigorous, rapidly growing trees in a 
well-managed woodland are  less likely to be dam- 
aged by insects o r  diseases than in an unmanaged 
woodland. Even these trees, however, a re  not 
immune to attack by pests. Trees subjected to 
livestock grazing, fire, too little o r  too much 
moisture, and overcrowding a re  most vulnerable 
and serve as  breeding grounds for insects,which 
spread to healthy trees, sometimes killing large 
numbers of trees in the immediate vicinity. For- 
tunately, natural woodlands in the Milwaukee 
River watershed consist primarily of mixed tree 
species ,which suffer severe losses less frequently 
than do woodlands of a single species. 

Forest pests affect tree growth by interfering with 
rates and balances among internal physiological 
processes, especially food, hormone, and water 
relations. The aim of science in the continuing 
warfare against harmful insect pests is a cure 
that will destroy the pests but leave other forms 
of life untouched. Hormonal insecticides a re  a 
possibility. Such insecticides have strong support 
from conservationists. Most insects have a three- 
stage development-from larva to pupa to adult- 
which i s  precisely controlled by the secretion of 
three insect hormones. A brain hormone triggers 
two nearby glands into producing two different 
hormones. One of these, called ecdysone (molting 
hormone), stimulates growth and differentiation 
processes in larva, pupa, and adult. The other, 
a juvenile hormone secreted mainly during the 
larval stage, keeps the caterpillar in i t s  immature 
stage until i t  i s  ready to change into a pupa and 
adult. The hormones must be secreted in the 
right amounts at the right time. Too much ecdy- 
sone in larvae speeds up development and differ- 
entiation, and the larvae die prematurely. If 
excess juvenile hormone is present in the pupa, 
development i s  deranged o r  halted. Thus, com- 
pounds that mimic the insect hormones can be 
turned into highly effective agents for disrupting 
the insect's life and, at the same time, contrib- 
uting to i t s  destruction. This concept provides a 
major breakthrough in pest control, in that sub- 
stances may be used as  insecticides that leave no 
damaging residue to interfere with wildlife o r  
pollute water resources. 

A very serious disease of trees in the Milwaukee 
River watershed at present is the Dutch Elm 



disease. The fungus is carried from diseased 
t rees  to healthy ones by elm bark beetles, but it 
may also spread by means of natural root grafts. 
Grafts a re  common in wooded wetlands where the 
roots are  concentrated in a thin layer of soil 
above the water level. Disease symptoms vary; 
but usually the topleaves on one or  more branches 
wilt, droop, turn yellow, then brown and become 
dry. A diagonal cut through a recently wilted 
branch usually reveals brown discoloration or 
streaking in the current o r  last year's wood. 
Laboratory diagnosis is necessary to be certain, 
however. Control of the Dutch Elm disease 
is possible, but only through united community 
action. It may be impractical to apply control 
measures in inaccessible areas. Control mea- 
sures presently are  being applied in greater or  
lesser degrees by a few communities; but, for the 
most part, the disease is left to run its course. 
Numerous dying and dead elms are  conspicuously 
visible in rural  woodlands where no control mea- 
sures  have been applied. 

Another destructive disease of trees in the Mil- 
waukee River watershed i s  oak wilt. All species 
of oak are susceptible to oak wilt, but the red and 
black oaks become infected more readily and wilt 
more rapidly than the white and bur oaks. The 
oak wilt disease develops from an extremely viru- 
lent fungus. It spreads in at least two ways: 
through natural underground root grafts locally 
and by various flying insects. Trees are most 
likely to become infected in woodlands where 
some trees had been cut during the active growing 
season. Any disturbances in oak areas should be 
restricted to the dormant season. Control i s  
possible, but each situation presents its own 
peculiar problems for which one o r  a combination 
of control methods must be chosen. The prema- 
ture cutting of oak trees because of the threat of 
oak wilt i s  unjustified, and well-managed wood- 
lands seldom are severely damaged. 

Another destructive disease of trees in the water- 
shed i s  white pine blister rust. It spreads to 
white pines from nearby currant and gooseberry 
bushes by means of wind-borne spores. The fun- 
gus enters the needle, then grows into the bark 
and eventually kills the tree. The disease i s  
deceptive, and usually infection on pines i s  not 
noticed until damage i s  apparent. The disease 
kills small white pines quickly but usually re-  
quires several years to kill large trees. 

Control of white pine blister rust  r e s t s  with the 
eradication of all currant and gooseberry bushes 
within 900 feet of the trees; but in a few situations 
where the microclimate is especially favorable, 
a greater distance is necessary. In the case 
of plantations, the bushes should be eradicated 
before the t rees  are  planted. Six wild Ribes 
species have been found in the watershed: the 
pasture, Missouri, hair-stem gooseberries and 
the American black, swamp red, and prickly 
currants. Cultivated species, including the red 
currant and flowering currant, also can spread 
the disease. The highly susceptible cultivated 
European black currant is a special case and 
under favorable conditions can infect white pines 
as far as one mile away. 

Scattered currant and gooseberry bushes may be 
uprooted by hand, but care must be taken to pre- 
vent sprouting by removing all the roots. In 
areas of numerous bushes, chemical control with 
2,4,5, - T ~  is desirable. For the correct con- 
centration, one must follow precisely the direc- 
tions on the manufacturer's label. On high-value 
t rees  where infection already has started on an 
outer limb, pruning off the infected branch several 
inches below the visible canker prevents its 
growth into the tree trunk and thus saves the t ree  
from eventual death. Early pruning also can 
reduce the incidence of infection; however, rein- 
fection may occur on other branches of the t ree  if 
currant and gooseberry bushes have not been 
eradicated from infecting distance of the tree. 

One of the most serious, potentially destructive 
agents to tree growth i s  a i r  pollution. A i r  pollu- 
tion damage to trees i s  increasing rapidly, par- 
ticularly in the urban-suburban areas,  but also in 
some rural communities where conifers, through 
needle dwarf and yellow color, show the effect of 
a i r  pollution drift. Air pollution, supplemented o r  
reinforced by drought, insects, diseases, and 
other adverse factors, i s  a prime suspect for 
declines and ailments of many tree species. 

Ash dieback i s  established in the watershed but 
presently not in epidemic proportions. All ash 
species, white, green, blue, and black, appear to 
be susceptible. In the early stages of ash dieback, 
the leaves of diseased trees lose their normal 
dark green color and become pale greenish- 

2~richlorothenoxyacetic acid acts as a herbicide to control 
broad-leaved plants and young grass seedlings but does not 
affect mature grass. It also serves as a bush killer. 



yellow. In the late stage, only a few live branches 
remain; and the trees appear to be near death. 
Certain symptoms of ash dieback are  typical of 
virus diseases and suggest a virus as a possible 
causal agent. Studies indicate that, once the tree 
develops the disease, i t  will not recover; however, 
i t  may take from two to 10 years before it dies. 

The box elder bug, a one-half inch long black- 
colored insect with red stripes, i s  present in a 
few localities, when mature, but only where 
female box elder t rees  (seed-bearing) grow. This 
insect lives on the flowers and seeds of box elder 
trees and, in rare  instances, on maples. In late 
autumn the bugs seek a warm location and find 
their way indoors despite screened windows and 
doors. They are particularly annoying to house- 
wives, partly because of their presence but more 
so because of their disagreeable odor. Control 
for the following years res ts  with elimination of 
the pistillate (female) seed-producing tree growing 
near the house. Staminate (male) box elders do not 
contribute to the life cycle of this insect and can 
be retained. If a replacement is desired for the 
tree removed, a choice species can be planted. 

Heart rots, cankers, and root rots a r e  other com- 
mon diseases which damage trees. Bark beetles, 
aphids, weevils, borers, and a variety of leaf 
defoliators, including destructive sawflies, a re  
the most common insects. Although the hickory 
bark beetle i s  present, i t  i s  of minor importance. 
The locust borer and other borers of deciduous 
and coniferous trees which destroy the cambium 
and penetrate the wood have been found. Aphids 
which a re  present oftentimes transmit virus dis- 
eases to trees. 

Prevention i s  the ideal form of woodland protec- 
tion. Periodic checks by owners of managed 
woodlands oftentimes enable the detection of out- 
breaks of insects o r  diseases in their early 
stages; and this permits proper remedial action 
before a minor problem becomes serious and, in 
extreme cases, catastrophic. 

As trees become overmature, such as  many of the 
natural hardwoods in the watershed, their physio- 
logical activity i s  reduced; and they become sub- 
ject to widespread attack by destructive insects 
and diseases. It cannot be stressed too strongly 
that such a physiological change in a tree com- 
monly i s  a prerequisite to attack. Such predis- 
posing characteristics vary widely among tree 

species and may involve threshold levels of flow- 
ering, cambium activity, critical sapwood mois- 
ture content, and other changes. 

Urban Encroachment: The Milwaukee River water- 
shed has been subjected to rapid population growth 
and urbanization, and the economic forces under- 
lying this growth and change a re  largely centered 
in the Milwaukee urbanized area. Woodlands, 
perhaps more than other rural lands, are  affected 
by the conversion of land from rural  to urban use; 
and wooded areas,  especially those on ridges and 
slopes, a re  undergoing an accelerated conversion 
from rural to urban uses. Considerable urban 
sprawl, in the form of isolated residential devel- 
opment, also i s  beginning to occur in the a s  yet 
comparatively undisturbed rural  areas of the 
watershed, away from established communities. 
In this connection i t  i s  important to note that, of 
the total of 70,885 acres  of woodlands existing 
within the watershed, only 15,455 acres, o r  
21.8 percent, a re  in state ownership; 972 acres,  
o r  1.4 percent, in county ownership; 64 acres,  o r  
0 .1  percent, in local municipal ownership; while 
the remaining 54,394 acres,  o r  76.7 percent, a re  
in private ownership. 

Unfortunately, altogether too few woodland own- 
e r s ,  when considering the development of their 
lands, are  interested in preserving the woodlands 
and associated scenic values by large lot o r  
cluster subdivisions in which street and lot pat- 
terns can be fitted to the wooded terrain, all 
utility wires placed underground, and landscaping 
restrictions incorporated into the deeds which 
assure the preservation of the woodlands. Most 
homesites in new urban developments have lot 
areas which a re  too small for adaptation to 

wooded terrain. Thus, a disproportionate number 
of trees on each lot must be removed for build- 
ings, driveways, and lawns. Unfortunately, also, 
the tendency where trees are  saved is to try to 
retain all of the remaining large trees on the lot, 
even though they may be mature o r  overmature, 
and to destroy the reproduction and sapling-size 
trees in order to achieve park-like appearance. 
The mature and overmature trees gradually will 
die, and there will be no younger trees on the site 
to take their place. It should instead be under- 
stood that a wooded area is in a constant state of 
change; that trees become old and die and should 
be cut and utilized before this occurs; that those 
which die either from old age o r  disease and 
remain standing may become a safety hazard if 



left where people walk o r  congregate; that harvest 
cuts not only provide an income to the owner but, 
if properly managed, actually improve the stand 
by keeping it productive; and that a healthy wood- 
land should consist of various-sized trees and age 
classes. Thus, management of a wooded area in 
a residential subdivision i s  a s  necessary as  man- 
agement of any other woodland. Harvest cuts, 
stand improvement, thinning, and tree planting a r e  
needed; but these must be designed to satisfy local 
situations. Local subdivision control ordinances 
should require woodland areas to be left in their 
natural state insofar as  practicable in order to 
accentuate the beauty of the subdivision. Such 
provision will not only benefit the overall envi- 
ronment of the watershed and the Region but will 
also add value to the individual homesites and 
increase the monetary return to the developer. 

The loss of trees and shrubs in the urban environ- 
ment usually leads to the destruction of environ- 
mental values. The ameliorating effect on a i r  
temperatures, a i r  pollution, and humidity; the 
softening of city noise; and the reduction of 
erosion and sedimentation are  all affected by 
trees and associated plant communities within and 
around heavily populated areas. Although beauti- 
fication in a formal manner i s  understood, the 
management of trees and associated plants for 
sylvan aesthetics, microclimate control, and a 
large number of related benefits i s  not well 
understood. It involves a combination of technical 
disciplines, careful planning, continued manage - 
ment, and strong community action. Without these 
in the right combination, public and private pro- 
grams for planning and managing natural wood- 
lands in an urban, o r  potential urban, area cannot 
be successful., 

Property taxes on wooded land in some communi- 
ties of the watershed a re  rising disproportionately 
even on land not in immediate demand for urban 
development. To protect wooded areas in the 
watershed and encourage good management, some 
type of tax adjustment is needed. A woodland 
once destroyed requires a lifetime to replace. 
An equitable tax on wooded areas, subject to 
protective management, is needed to encourage 
private owners to keep the land in woodland 
cover and preserve the accompanying environ- 
mental qualities. 

Degradation of Woodlands from Livestock Grazing: 
Woodlands in the Milwaukee River watershed 
have been subjected to considerable damage from 

livestock grazing. The widespread practice of 
allowing livestock to graze woodlands can be 
attributed to several factors: privately owned 
woodlands in the watershed a re  composed almost 
entirely of hardwood species that provide young 
growth on which livestock feed; there is a large 
livestock population on farms with a correspond- 
ing pressure for more pasture; the timber value 
of woodlands is underrated while the forage value 
is overrated; and woodlands furnish shade to 
animals in hot weather. Livestock grazing elimi- 
nates wildlife food and habitat and limits t ree  
reproduction. It is estimated that 45 percent of 
the privately owned woodlands in the watershed, 
exclusive of wooded wetlands, are  being grazed. 
If land is to be devoted to either timber production 
o r  the maintenance of aesthetic woodlands, farm 
livestock must be fenced out. Usually the minor 
loss in forage value due to fencing a woodland can 
be more than compensated through improvement 
of pasture land on the same farm. If shade is 
needed, a fringe of woods can be fenced into 
the pasture. 

Grazing woodlands is particularly injurious to 
reproduction and, in the long run, can become as  
damaging to wildlife. Livestock trampling and 
browsing kills the t ree  seedlings. Heavy tram- 
pling by cattle packs the forest soil and hampers 
soil aeration, thus reducing its water-holding 
capacity. Existing trees grow slowly and become 
increasingly poorer in quality, and grazed wood- 
lands become understocked. There will be few 
seedlings o r  saplings to replace old trees, and the 
woodlands will eventually disappear. 

Fire: Uncontrolled f ire has been responsible for 
substantial losses of woodland in the Milwaukee 
River watershed since the days of early settle- 
ment by Europeans. Some woodlands over the 
years have burned several times, continuously 
destroying the young trees, a s  well as  the litter 
and humus that protect the soil from erosion. 
Woodland fires, which once were common in the 
watershed, have occurred less frequently during 
the last two decades. Fire, however, remains a 
constant threat; and a reversal of the trend of the 
past two decades appears to be taking place, with 
the annual numSer of woodland fires increasing in 
the last few years as  more and more people use 
the woodlands. Fortunately, as  hardwood stands 
increase in stocking through management, they 
become less  susceptible to serious fires. Open 
areas reforested to conifers, however, increase 
the threat of catastrophic fires. Slow-burning 



and foul-smelling peat fires sometimes occur in 
wooded wetlands that have been drained. Such 
fires may burn for months before being extin- 
guished, and oftentimes drifting smoke from these 
fires obliterates visibility on highways and seri- 
ously endangers the lives of motorists. The 
disagreeable smell from burning peat also annoys 
many people and, in extreme cases, may cause 
illness. 

Fire protection efforts have been intensified in 
recent years. Protection, however, does not keep 
fires from starting. Woodlands that burn today, 
as in the past, destroy needed reproduction for 
future timber crops; drive out wildlife and ruin 
the habitat; destroy the beauty of the natural envi- 
ronment; set  back for a quarter of a century the 
ability of the vegetation and soil to retard water 
runoff and supply cool, clear water to streams; 
destroy new forest plantings and agricultural 
crops; and, in some instances, destroy buildings. 
About 1 percent of all fires in the watershed start  
from lightning; thus, approximately 99 percent 
are man-made. Virtually all man-made fires are  
caused through carelessness and, therefore, can 
be prevented. Smokers unintentionally set  many 
fires. Uncontrolled debris burning causes many 
fires. Campers, hunters, and fishermen also 
cause destructive burns. 

The actual number of fires varies considerably 
from year to year, depending largely upon weather 
conditions. Woodland cover, character, the amount 
of combustible material that is present, and i ts  
use are  the chief factors which determine the dis- 
tribution and concentration of forest fires. Since 
forest f ires are approximately 99 percent man- 
caused, they tend to occur most frequently in the 
vicinity of roads, railroads, and settlements. 
They are  most likely to start,  however, where 
combustible material predominates and where 
there is no forest cover. Least subject to f i re  a re  
areas of well-stocked timber, especially hard- 
woods. Before more organized fire protection, 
the accepted method of controlling fires was to 
direct them into green timber where they gradu- 
ally extinguished themselves. Fire protection in 
the watershed is a cooperative effort between the 
Wisconsin Department of Natural Resources, local 
governmental agencies, and individuals. 

Game Management: The wildlife resource within 
the woodlands of the Milwaukee River watershed 
is limited in numbers and variety but quite sub- 
stantial for an urbanizing area. Because the 
woodlands are  located within easy travel time of 

a large urban center, this wildlife resource 
assumes appreciable recreational importance. The 
opportunity to observe wild animals and birds in 
a wooded environment is a factor influencing some 
persons to establish homas in rural areas. Wild- 
life in the watershed has many values; and, 
although the value may be difficult to assess in 
monetary terms, i t  is ,  nevertheless, real. Man- 
agement of woodlands is needed to develop and 
maintain a more favorable natural plant-animal 
community. 

There is a definite need for more flora that 
provides food, as well as shelter, for wild- 
life. Oak, walnut, hickory, and other species 
which supply acorns and nuts are  needed for 
an adequate squirrel population. Other trees 
and shrubs which provide edible fruit and berries 
a r e  also required to sustain birdlife. Some siz- 
able trees with decaying heartwood a re  needed 
for den trees. These trees should be located 
away from houses, roads, or trails, a s  they may 
constitute a safety hazard. 

There also is need for a proper balance in the 
wildlife population of woodlands. Too many rab- 
bits in some areas, particularly where hunting is 
restricted, girdle small trees and shrubs, thereby 
destroying the very food and habitat so necessary 
for their existence. Sport hunting of various wild- 
life species, including the fox and raccoon, when 
and where permitted, can avoid damage caused by 
an overpopulation of a given species. A sizable 
deer population is developing in some areas 
of the watershed; and, a s  a consequence, deer- 
browse damage to young hardwoods and conifers 
is increasing. A proper balance between animals 
and food is highly desirable. 

Persons who live in wooded areas sometimes 
unknowingly are  destroying wildlife habitat by 
either cutting or  using herbicides to kill unde- 
sired young trees o r  shrubs which shelter the 
wildlife. Birds can be killed by the indiscrimi- 
nate use of insecticides. Individually, the areas 
affected may be small; but collectively, the habitat 
and birdlife lost is sizable. A natural woodland 
is a distinctive plant-animal community which 
cannot be duplicated under artificial situations and 
which can become severely altered if natural con- 
ditions are modified to a significant degree. 

Other Basic Woodland Resource Values: It is 
highly important that the total values of a fully 
managed woodland be understood. The woodlands 
compose an environment for a vast community of 



living organisms, all interacting to produce the 
highest benefits to both man and the various other 
species that inhabit the woodlands. The benefits 
from a fully managed woodland are  equally as 
important to the adjacent areas as  they are  to the 
woodlands themselves. Soil organisms, pollinat- 
ing insects, natural predators of undesirable 
insects, and a host of other species produced 
in the woodlands are all required to maintain 
a natural balance in the woodland and surround- 
ing areas. It is also essential to recognize 
that woodlands in this part of Wisconsin can- 
not be reproduced in other parts of the state. 
The climate, soil type, geological history, and 
other characteristics are  unique to this part 
of Wisconsin. 

WILDLIFE 

Mammals 
A complete list of the mammals found in the Mil- 
waukee River watershed is included in Appendix 
M to this report. A discussion of species of the 
greatest interest and importance in the watershed 
is presented below. 

White-Tailed Deer : Greatest concentrations of 
deer occur in the more northerly portions of the 
watershed in Fond du Lac and Sheboygan Counties, 
where there are  many larger swamps and other 
wetland areas and more forested area. Deer 
habitat is estimated to comprise about 8 percent 
of the total area of the watershed, excluding Mil- 
waukee County, o r  about 32,700 acres. The deer 
habitat areas are  the retreat areas from which the 
deer may forage over parts of adjacent agricul- 
tural land or  open-space areas, such as marshes 
and meadows. The area of such foraging may 
cover as  much as 30 percent of the total area of 
the watershed. Estimated deer harvests in water- 
shed portions of the four major counties for the 
past five years are  given in Table 121. 

T A B L E  121 

E S T I M A T E D  DEER HARVESTS 
I N  THE MILWAUKEE R I V E R  WATERSHED 

8 Y  COUNTY- 1964-1968 

SOURCE- WISCONSIN  DEPARTMENT OF NATURAL RESOURCES. 

1 YEAR 

The average annual harvest for the past five years 
has been about 450 deer, plus a limited harvest 
with bow and arrow. There is considerable addi- 
tional attrition of the herd through car collisions. 
This loss, based on reported car kills prorated 
for the watershed, is estimated to be about 200 
animals in 1966. Other unreported collision losses 
a re  known to exist, as well as losses from occa- 
sional poaching, killing by dogs, and other acci- 
dents. These are estimated to approximate 100 
deer annually, bringing the total estimated crop- 
ping of deer within the watershed to an estimated 
750 deer per year. 

Whether the deer herd has reached a degree of 
stability in the watershed is not known. The 
potential exists, however, for further expansion. 
While current gun season regulations permit 
taking of any deer, only shotguns using ball o r  
slug loads are  permitted; and season length has 
been three o r  four days. If there is sufficient 
hunting privilege granted to the public by land- 
owners or  enough participation by the resident 
landowners, the harvest level of deer could easily 
prevent any major irruption. On the other hand, 
tight restriction of admission for hunting, coupled 
with limited hunting by residents, could allow an 
irruptive situation to develop. 

Fur Bearers: The fur bearers of the Milwaukee 
River watershed include the muskrat, mink, bea- 
ver, otter, weasel, raccoon, fox, skunk, and opos- 
sum. The first  six named are  generally associated 
with aquatic types of habitat; and the others, with 
uplands. Generally, all enjoy a great abundance 
in the watershed, with the exception of the beaver 
and otter. The watershed has the numerous lakes, 
creeks, marshes, and woodlands to permit such 
abundance in the foreseeable future. Population 
estimates indicate the number of muskrats within 
the watershed in the fall at about 25,000; the 
number of mink, at about 2,000; and the num- 
ber of raccoon, at about 5,000. Foxes, both 
red and gray, are  estimated to number approxi- 
mately 2,000. 

WATERSHED 
TOTAL 

EST IMATED NUMBER OF DEER HARVESTED 

Muskrats a re  the most abundant and widely dis- 
tributed of the fur bearers and bring the greatest 
economic return to trappers. Numbers may 
fluctuate widely from year to year, building up 
under favorable conditions and sometimes drop- 
ping to very low levels during adverse conditions. 
Drought, disease, and severe winter freezing are 
factors which may drastically reduce the muskrat 
population. Almost any water area may attract 
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muskrats. Lakeshores, marshes, small ponds, 
rivers, small creeks, and drainage ditches may 
provide a homesite for muskrats. In marshes 
the familiar muskrat house possesses a visual 
amenity and contributes a certain amount of inter- 
est  to the landscape. These houses are  often 
used by other wildlife. Waterfowl make use of the 
houses as loafing areas and, to a lesser extent, 
for nesting. Mink and raccoon use muskrat houses 
as  denning areas. Muskrats dig dens into the 
banks of water areas o r  into dikes where there is 
no marsh to provide shallow water to support a 
house. Inspection of Milwaukee River water areas 
in the fall of 1967 showed muskrats to be widely 
distributed, almost all suitable areas showing 
signs of muskrat occupancy. Even though isolated 
ponds and marshes may lose all their muskrats 
due to freezeout from low water and thick ice, 
muskrats will quickly repopulate these when 
favorable conditions return. While always taken 
by trapping, the effort varies with pelt values. 
This has been low for many years and barely 
enables trappers to cover their expenses. How- 
ever, many trappers consider the effort as a 
recreational one, similar to hunting experiences. 
Most trapping is on a part-time basis, except that 
licensed fur farms run the activity as a business 
venture. The meat may be utilized in various 
ways and sometimes is a food item in other parts 
of the country. 

Habitat suitable for muskrats is also likely to be 
used by mink. Mink are, however, great trav- 
elers; and they range much farther from water- 
courses as a normal way of life. Preservation 
and improvement of muskrat habitat will auto- 
matically benefit the mink. Mink provide an extra 
challenge to trappers because of their remarkable 
ability to detect and avoid traps. Pelt values 
suffer from the competition of ranch-raised mink. 
Wild pelts often show scar defects due to fighting. 

Raccoons are  often associated with woodlands, but 
many of their favorite foods are  found in or  near 
water so that they make much use of wetlands. 
Usually a tree cavity dweller, the raccoon also 
makes use of rock crevices o r  other substitute 
situations for denning. It is highly adaptable to 
changes in land use. 

Both the red and gray fox occur commonly in the 
watershed area. The red is more characteristic 
of mixed habitat and farmland, while the gray 
occurs in hilly, wooded areas. Despite the clas- 
sical concept of the rapacious ways of the fox, 

a more proper perspective would place them only 
in the nuisance category. Also, the fox consumes 
quantities of crop-damaging species, such as field 
mice, which may be a value outweighing i ts  
liabilities. Many people bear an attitude of tol- 
erence toward the fox because of i ts  aesthetic 
appeal, while others conceive of i t  only as a 
marauding threat to other wildlife. Fox hunting 
is a growing sport, despite the removal of state 
bounty payments. 

Skunks and opossums a re  fur bearers whose pelts 
are  presently of little value. They are largely 
nocturnal, slow moving, and very likely to be 
killed on the highways. Skunks consume large 
numbers of June bug grubs in sod. However, this 
may cause considerable consternation when the 
skunk rips up a lawn in the process. Skunks a re  
the major carrier  of rabies in Wisconsin. The 
opossum is largely harmless. Both use woodland 
areas bordering farmlands and venture onto the 
wetlands in search of food. Both skunk and opos- 
sum tend to become inactive in cold weather, 
although they are  not true hibernators. 

Okher Mammals: Additional larger mammals in- 
clude the woodchuck and perhaps an occasional 
badger. Of greatest abundance in terms of total 
numbers are  the various small mammals. These 
include the spermophile, the chipmunk, and sev- 
eral  species of mice and shrews. They occur in 
a variety of habitat types. Most of them are  
relatively innocuous and highly interesting. Of 
greatest total impact is probably the field mouse, 
which damages hayfield seedlings, orchard stock, 
and shrubbery. 

Birds 
A complete list of the birds found in the Milwau- 
kee River watershed is included in Appendix N 
to this report. A discussion of species of the 
greatest interest and importance in the watershed 
is presented below. 

Pheasants: The pheasant, while not a native, has 
the aesthetic appeal shared by all gallinaceous 
birds. It is highly prized by the hunter, and many 
sportsman's clubs and private shooting preserves 
have their programs largely based upon the 
pheasant. With aver age fall population within the 
Milwaukee River watershed estimated at 25,000 
birds, o r  about 39 per square mile, the range of 
densities between areas of township size might 
vary from very low numbers to highs of 80 o r  
more per square mile. These values are  close to 



average for southern Wisconsin. Generally, the 
East Branch and Kettle Moraine area have lower 
numbers of birds. Of the total non-cropland game 
range within the watershed, the acreage estimated 
to be used by pheasants according to quality cate- 
gories is shown in Table 122. 

The pheasant enjoys the highest rate of occupancy 
of any game species in the watershed, with the 
possible exception of the cottontail rabbit. For, 
in addition to the above-indicated range quantities, 
the pheasant penetrates deeply into agricultural 
lands for nesting and feeding and thus may be 
expected almost anywhere except in some of 
the woodlands. The pheasant in this latitude 
requires winter protection when lesser cover 
becomes buried under snow. Cattail marshes, 
shrub swamps, and tamarack swamps fill this 
need. While corn is perhaps above all the favorite 
winter food of the pheasant, a wide variety of 
seeds, greens, and insect food is also taken. Corn 
is available in much of the area as waste in picked 
fields except where fall conditions permit late 
plowing. Annual weeds, such as  smartweed, 
often found in cornfields, provide additional feed. 
The giant ragweed in peat areas is also a favorite 
winter food. 

Secure nesting cover is often a premium item for 
the pheasant. The forage crops-alfalfa, clover, 
and grass mixtures-may be death traps when 
hens, a s  often happens, are  drawn in by early 
vegetative growth and caught by high-speed har- 
vest machinery prior to hatching of the clutch. 
Lowland areas of cover may be flooded during 
unusually heavy rainfall. Ideal cover is offered by 
abandoned fields, including Feed Grain and Soil 
Bank lands, or  lightly pastured areas. Nesting 
losses are  considered to be a major limiting fac- 
tor on pheasant numbers. 

TABLE 122 

ESTIMATED PHEASANT RANGE ACREAGk 
I N  THE MlLWAUKEE R I V E R  WATERSHED . 1967 

NUMBER OF PERCENT OF WATERSHED 
R A T I N G  

POOR..,. 6.200 

TOTAL 46.400 11.3 

SOURCE- WISCONSIN DEPARTMENT OF NATURAL RESOURCES. 

384 

Waterfowl: Waterfowl are  of universal appeal both 
on the water and in the air. The Milwaukee River 
watershed is a major pathway in the Mississippi 
Flyway. It is estimated that approximately 2 per- 
cent of the annual waterfowl take in the state 
occurs in the watershed. Provision of opportunity 
to hunt waterfowl is one of the major activities in 
the field of game management. Many private 
organization, as well as state, efforts are  directed 
to this end; and it is the present major source of 
strength for high quality wetlands preservation. 
Average density observed for the watershed was 
three to four breeding ducks per square mile, 
a s  compared to a statewide average of 5 per 
square mile. 

A much greater variety of species is encountered 
during spring o r  fall migration. Virtually any of 
the species using the Mississippi Flyway occur in 
the watershed, with the exception of a few of the 
Great Lakes ducks. This includes all the "puddle" 
ducks, divers, mergansers, and the swans and 
geese-in all, perhaps 25 species. The most 
common species occurring early in the fall season 
would be the blue-winged and green-winged teal, 
the mallard, black duck, wood-duck, and the ring- 
neck. Later arrivals in numbers would be the 
scaup. Lesser and irregular numbers of other 
species occur. These include pintails, baldpates, 
shovelers, redheads, and canvasbacks. Among 
the geese the Canada goose and its subspecies a re  
of regular occurrence in the spring and fall, while 
blue geese and snow geese may sometimes be 
found in good numbers but much more irregularly. 
Smaller groups of whistling swans may occur 
during spring migration. 

Nesting waterfowl favor the smaller and shallower 
bodies of water in the watershed, including pot- 
holes and marshes as habitat. In migration the 
larger bodies of water a re  used. Due to the rela- 
tively limited marsh component of the wetlands in 
the watershed, however, and the presence of the 
Kettle Moraine area, the watershed rates below 
average for southeastern Wisconsin in the quality 
of waterfowl habitat. Of the total non-cropland 
game range, the acreage estimated to be used by 
waterfowl according to quality categories is shown 
in Table 123. 

Waterfowl foods other than the aquatic plants 
include waste grain, especially corn, in harvested 
fields and occasionally acorns o r  other mast. 
Aquatic plant food favorites found in the watershed 
a re  muskgrass, Sago pondweed and other pond- 



TABLE 123 

ESTIMATED WATERFOWL ACREAGE I N  
THE MILWAUKEE R IVER WATERSHED-1967 

SOURCE- WISCONSIN DEPARTMENT OF NATURAL 
RESOURCES. 

RAT1  NG 

GOOO*.or 
FAIR.... 
POOR. - 
TOTAL 

weeds, various smartweeds, bulrush, duckweed, 
wild celery, wild rice, naiads, and others of more 
occasional use. These include bur reed, arrow- 
head, coontail, sedges, milfoils, and spike rushes. 

Hungarian Partridge: Of general occurrence with 
the pheasant is the Hungarian partridge, also an 
introduced bird of the farmlands. Of considerable 
lesser importance than the pheasant both locally 
and continentally, it still  is abundant enough to be 
of interest to the public and to the sportsman. 
A coveying bird, i t  is often seen in flocks on 
snow-drifted fields. 

NUMBER OF 
ACRES 

4.200 
3.200 
1 ,300 

8,700 

Bobwhite Quail: This bird is extirpated o r  pos- 
sibly of irregular, r a r e  occurrence in the water- 

PERCENT OF WATERSHED 

100 
0 - 8  
0.3 

2.1  

shed. However, the range potential for this bird 
would seem to exist within the watershed. The 
quail makes use of the more brushy irregular 
lands in farming areas. The major limiting factor 
appears to be the discontinuity with other suitable 
occupied range. Larger populations of this bird 
a re  75 to 100 miles away. 

Ruffed Grouse: This game bird is distributed 
quite regularly throughout the watershed where 
larger wooded tracts a re  found. It utilizes both 
the upland forests and the lowland timber swamps. 

Marsh, Shore, and Water Birds: Other water- 
associated birds are  too numerous to discuss 
individually; but the major groups, as well as 
individual species of unusual interest, can be 
mentioned. The loon and cormorant occur in 
migration on the larger lakes and rivers;  the 
smaller pied-billed grebe nests in or  uses the 
watershed. Several herons occur, the great blue 
and the two species of bittern nesting, while the 
little blue and snowy egret are  summer visitors. 

The jacksnipe and woodcock occur in migration 
commonly, the latter nesting to some extent. 
A wide gamut of sandpipers, plovers, gulls, terns, 
rails, and gallinules occur, some of which also 
nest. The larger species of these, such as the 
coot and rails, a re  hunted. A favorable study area 
for most of these species is the Jackson Marsh 
Wildlife Area, but many of the wetland units also 
provide these opportunities. 

Other Birds: Because of the admixture of lowland 
and upland forest, meadows, and agricultural 
lands and favorable warm-season climate, the 
watershed abounds in all other bird types. These 
include the many perching birds, swallows, wood- 
peckers, hawks, and owls. Conspicuous single 
representatives, some from other groups, are  
the occasional eagle, turkey vulture, the mourn- 
ing dove (abundant), whip-poor-will, and pile- 
ated woodpecker. 

There are no known bird species present that are 
unique to the watershed. Pest species may be 
considered to include the imported English spar- 
row, the starling, and the common pigeon. The 
native redwing blackbird is very abundant and may 
damage sweet corn stands. 

Other Wildlife 
Much of the biological activity in the environment 
depends not on the more highly visible and attrac- 
tive mammal and bird life, but on the myriads of 
lesser invertebrate organisms, ranging from 
viruses through the amoeba, zooplankton, free- 
living nematodes, annelids, molluscs, and into 
numerous insects. Many of these fulfill essential 
roles, in absence of which the natural world could 
not function. A similar panoply exists in the plant 
kingdom. Of greatest regard, however, is that 
these groups comprise a web of life that must be 
given recognition and perpetuation. Robust as this 
web is, i t  can be severely damaged on occasion. 
In southeastern Wisconsin, as in any highly urban- 
ized areas, much of the natural environment has 
been destroyed; and the remaining amount has 
been severely disturbed. Every possible course 
of action must be taken, therefore, to protect the 
existing wetlands; the natural shoreline of lakes 
and streams, as well as the lakes and streams 
themselves; and the woodlands, for it is in these 
areas where the biological activity and life upon 
which man ultimately depends for his very exis- 
tence begin and end. 



The natural wildlif e habitat areas remaining within 
the watershed, totaling about 42.3 square miles in 
area, or  6 percent of the total area of the water- 
shed, are  shown on Map 22 and are  summarized 
by value rating in Table 16. 

ENVIRONMENTAL CORRIDORS 

In Chapter IV of this report, the concept of the 
environmental corridor was advanced and briefly 
discussed. Because of the importance of these 
corridors to the maintenance of both the ecologi- 
cal balance and natural beauty of the watershed, 
the corridors are  discussed in somewhat greater 
detail here. Although comprising an integral sys- 
tem with a total area of about 157 square miles, o r  

23 percent of the total watershed area (see Map 25), 
the primary environmental corridor pattern within 
the watershed can be broken down into 12 distinct 
corridors, as shown on Map 25 and listed in 
Table 124. These corridors represent a refine- 
ment of the corridors originally delineated on the 
adopted regional land use plan. A detailed des- 
cription of each corridor, together with a dis- 
cussion of the man-made and natural problems 
affecting the resource elements contained within 
each corridor, is available in separate technical 
staff memoranda on file in the Commissionoffices. 

The primary environmental corridors contain 
almost all of the remaining high-value elements 
of the natural resource base within the watershed. 

T A B L E  124 

S U C M A R Y  OF L A N D  U S E  A N D  N A T U R A L  R E S O U R C E S  I N V E N T O 2 I E S  W I T H I N  THE P R I M A R Y  
ENVI R O N P E N T  A L  C O R R I D O R S  O F  THE V I L W A U K E E  R I V E R  WATERSHED-  1967 

%S DETERMINED I N  SEYRPC LAN0 USE INVENTORY. NET CORRIDOR I S  DEFINE0 AS THAT PORTION OF THE ENVIRONMENTAL CORRIDORS CONSISTING OF YATER,YETLANOS, 
YOOOLANOS. AGRICULTURAL LANOS, AND OTHER GENERALLY OPEN OR UNUSED LANDS. EXCEPT THOSE CONTAINED WITHIN THE MAJOR PARK LANDS. 

b~~ DETERMINED I N  YATERSHED RESOURCE INYENIORIES. 

SOURCE- UISCONSIN DEPARTMENT OF NATURAL RESOURCES AN0 SEYRPC. 

CORRIDOR 
NUMBER 

1 

2 

3 

4 

5 

6 
7 

8 
9 

1 0  
11 
l Z  

CORRIDOR 
NUMBER 

1 

2 

3 

4 

5 

6 
7 

8 
9 

10 
11 
12 

CORRIDOR 
NAME 

MILYAUKEE 

CEDARBURG 

YAUBEKA 

WEST BEN0 

GERMANTOUN 

UAYNE MARSH 
CASCADE 

MlNK CREEK 
RANDOM LAKE 
CAMPBELLSPORT 
NEST BRANCH 
KETTLE MORAINE 

TOTAL 

CORRIDOR 
NAME 

MILYAUKEE 

CEDARBURG 

YAUBEKA 

YES1 BEN0 

GERMANTOYN 

WAYNE MARSH 
CASCADE 

MINK CREEK 
RANDOM LAKE 
CAMPBELLSPORT 
YEST BRANCH 
KETTLEMORAINE 

TOTAL 

LOCATION 

T 7NsR22E 
T 8N.RZZE 
T 9NsRZlE 
TlON.RZ1E 
Tl lN.RZlE 
T~ZNIRZIE 
1 l lN .RI9E 
TlZNsR19E 
T 9N.RZOE 
T1ON.RZOE 
TlZN.Rl8E 
TI~NIRZIE 
T14NvR21E 
T13N.RZOE 
Tl3N.RZlE 
T14N.Rl8E 
T13NvR18E 
T13N.Rl9E 
T14NvR19E 

LOCATION 

T 7NeR22E 
T 8NsRZZE 
T 9N.RZlE 
T1ON.RZlE 
T11N.RZIE 
TlZN.RZ1E 
Tl lN.Rl9E 
TlZN.Rl9E 
T 9N.RZOE 
TlON.RZOE 
T12NvR18E 
T13NvRZlE 
T14N1R21E 
T13N.RZOE 
T13N.RZIE 
114N.Rl8E 
T13N.RlBE 
T13NeR19E 
TI4N.Rl9E 

NET CORRIDOR LAND USE' 

NET CORRIDOR 
TOTAL 

ACRES 

419 

14.973 

9.377 

13.750 

1.541 

1.866 
7.315 

2.325 
4,198 
8.530 
5.204 

30.774 

1001272 

UNUSED LAN0 

PERCENT 
OF 

CORRIDOR 

100 

100 

100 

100 

100 

100 
100 

100 
100 
100 
100 
100 

100 

ACRES 

131 

343 

211 

315 

2 

28 
164 

4 0  
120 
187 
78 

2.232 

3.851 

PERCENT 
OF 

CORRIDOR 

31.23 

2.29 

2.25 

2.29 

0.11 

1.49 
2.25 

1.70 
2.87 
2.19 
1.50 
7.25 

3.84 

YATER 

YETLANO 

ACRES 

203 

1.287 

686 

2.045 

0-37 

-- 
244 

14 
262 
162 
174 

1.476 

6.554 

UOOOLANO YETLANO 

ACRES 

72 

8.068 

4.329 

4.128 

59 

1.587 
39104 

1.137 
2,088 
5.646 
2.824 

13.342 

46.884 

YOOOLANO 
YlLOLlFE 
HABITAT 

AGRICULTURE 
AND RELATED 

PERCENT 
OF 

CORRIDOR 

48.31 

8.60 

7.31 

14.88 

0.02 

-- 
3.34 

0.62 
6.24 
1.90 
3.34 
4.79 

6.54 

ACRES 

12 

2.421 

1.841 

3.588 

692 

63 
1.607 

832 
642 
878 
913 

7.285 

20.774 

ACRES 

69 

7.772 

4.170 

3.977 

57 

1.433 
3.568 

1.095 
21011 
5.439 
2,721 

121849 

45.160 

PERCENT 
OF 

CLmRlOOR 

17.18 

53.88 

46.16 

30.02 

3.82 

79.68 
50.63 

48.90 
49.73 
66.18 
54.26 
43.35 

46-75 

ACRES 

24 

7.360 

1.892 

5.412 

776 

640 
3,180 

864 
1,854 
2.414 
1.790 

18,745 

44.951 

ACRES 

179 

7.179 

4.188 

6,010 

468 

935 
3.386 

1.216 
1.823 
4.058 
2.382 

13.509 

45,333 

ACRES 

4 

3,150 

2.470 

3.824 

789 

3 4 1  
1.732 

355 
1.162 
1.865 
1.318 
6.933 

23.934 

PERCENT 
OF 

CORRIOOR 

2.92 

16.17 

19.63 

26.10 

44.93 

3.40 
21.97 

35.78 
15.30 
10.29 
17.55 
23.67 

20.72 

PERCENT 
OF 

CORR100R 

16.45 

51.90 

44.47 

28.93 

3.71 

76.83 
48.77 

47.09 
47.91 
63.76 
52.28 
41.75 

45.04 

EXISTING 

PERCENT 
OF 

CORRI DOR 

5.72 

49.15 

20.17 

39.36 

50.35 

34-29 
43.47 

37.16 
44.16 
28.30 
34.39 
60.91 

44.82 

PERCENT 
OF 

CORRIDOR 

42.24 

47.93 

44.64 

43.69 

30.24 

50.00 
46-26 

52.21 
43.37 
47.55 
45.71 
43.89 

45.18 

PERCENT 
OF 

CORRIDOR 

1.09 

21.04 

26-34 

27-81 

51.23 

18.28 
23-68 

14-82 
27.68 
21.86 
25.33 
22.53 

23.87 

CORRIDOK NATURAL 

ACRES 

304 

3.860 

5 9 1  

2.085 

-- 
80 
17 

-- 
4 1 
74  
58 

17.562 

24.678 

RECREATION 

POTENTIAL 

RESOURCE  USE^ 

PERCENT 
OF 

CORRIDOR 

72.55 

25.77 

6.36 

15-16 

-- 
4.28 
0.23 

- 
0.97 

- C.86 
1.11 

57.06 

24.51 

ACRES 

-- 
3.401 

3,756 

4.173 

34 

-- 
9 9 1  

866 
134 
432 
102 
678 

15.467 

PERCENT 
OF 

CORRIDOR 

-- 

22.71 

40.05 

30.34 

2.20 

-- 
13.54 

37.24 
3-19 
5.06 
1.96 
2.20 

14.42 



More specifically, the 157 square miles of pri- 
mary environmental corridor within the Milwaukee 
River watershed contain 52 lineal miles of lake 
shoreline, o r  88 percent of the total lineal miles 
of shoreline on the 21 major lakes within the 
watershed. The environmental corridors also 
contain 282 lineal miles, o r  85 percent of the 330 
total lineal miles of perennial stream channel 
length within the watershed. Significantly, the 
lake shoreline and stream channel lengths encom- 
passed by the environmental corridors are  those 
remaining in predominantly rural and open use. 

The environmental corridors contain 46,884 acres, 
o r  68 percent of all the remaining wetlands within 
the watershed, including 35,628 acres,  o r  68 per- 
cent of the 199 significant wetland units, and 
11,256 acres, o r  32 percent of the minor wet- 
land units. The corridors also contain 44,951 
acres,  o r  about 63 percentof the remaining 70,885 
acres of woodland cover within the Milwaukee 
River watershed, including 35,257 acres,  o r  
69 percent of the high-value aesthetic woodlands; 
8,580 acres, or  52 percent of the medium-value 
aesthetic woodlands; and 1,114 acres,  o r  38 per- 
cent of the commercial woodlands remaining 
in the watershed. No low-value aesthetic wood- 
lands were found to exist within the watershed. 
The environmental corridors also contain 45,333 
acres, o r  67 percent of the 67,662 acres of wild- 
life habitat areas within the watershed. 

It is important to recognize that, in the watershed 
planning program, the detailed wetland and wood- 
land natural resource inventories were conducted 
independently by naturalresource specialists from 
a natural resource, rather than a land use, point 
of view, resulting in the multiple counting of cer- 
tain acreage. For example, a given acre of timber 
swamp would have been inventoried and counted as 
both an acre of wetland and as an acre of wood- 
land. Similarly, many acres of wetlands and 
woodlands would be included in the inventory of 
wildlife habitat areas. 

In direct contrast, the existing land use inventories 
conducted under the regional planning program 
contain no such multiple countings. Therefore, 
the existing land uses within the primary envi- 
ronmental corridors of the watershed constitute 
mutually exclusive categories of land use. The 
results of both the land use inventories and the 
natural resource inventories for the primary 
environmental corridors in the Milwaukee River 
watershed are  shown in Table 124. 

The intrusion of urban land uses into the corridors 
will tend not only to destroy the very resources 
and related amenities sought by such urban devel- 
opment but will tend to create severe environ- 
mental problems having areawide effects within 
the watershed. Since these environmental corri- 
dors are  endowed by nature and a re  truly irre-  
placeable by man, they must serve the watershed 
and the Region not only for today but for all time. 
Preservation and protection of these corridors in 
compatible open uses is, therefore, essential to 
the maintenance of a good environment for life 
within the watershed and to the preservation of its 
unique cultural and natural heritage, as well a s  
its natural beauty. 

SUMMARY 

The Milwaukee River watershed constitutes an 
area of valuable natural resources and related 
open space within the rapidly urbanizing South- 
eastern Wisconsin Region. This chapter has 
described in some detail the physical character- 
istics of several major recreation and recreation- 
related natural resources of the watershed. This 
chapter has also described the major problems 
relating to the conservation and wise use of these 
resources, problems related to the natural char- 
acteristics of the resources themselves, as well 
as problems induced o r  aggravated by human 
activity within the watershed. The resources 
involved include the lakes and streams, the 
wetlands and woodlands, and the wildlife of 
the watershed. 

There are 71 lakes within the Milwaukee River 
watershed, of which 21 have a surface area of 
50 acres o r  more. The 71 lakes have a combined 
surface area of 6.5 square miles, or  1 percent of 
the total watershed area. The latter figure com- 
pares to 4 percent for the Fox River watershed in 
southeastern Wisconsin and 2 percent for the state 
as a whole. The 21 major lakes have a total sur- 
face area of 5.7 square miles, o r  88 percent of 
the total lake surface area within the watershed, 
and a total shoreline length of 59 miles, or  70 
percent of the total lake shoreline within the 
watershed. These lakes, together with the 330 
miles of perennial streams within the water- 
shed, constitute the major recreational resource, 
a s  well as one of the most important natural 
resources of the watershed. The lakes provide 
opportunities for swimming, boating, fishing, and 
other aquatic sports; serve as natural floodwater 
retention reservoirs, thereby reducing peak flood 



discharges within the watershed; and provide one 
of the most pleasing aesthetic elements of the 
landscape, enhancing adjacent property values. 

Major problems of the lakes within the watershed 
in relation to public recreational demands concern 
insufficient depth, size, instability of water levels, 
and deteriorating water quality. Although some of 
these problems are related to the natural charac- 
teristics of the lakes themselves, the problem of 
water quality, which affects eutrophication rates, 
is by far the most serious, having been greatly 
intensified by human activity within the watershed. 
Accelerated eutrophication is evidenced by exten- 
sive growth of aquatic vegetation and a high 
incidence of problems related to the consumption 
of oxygen and decomposing vegetation. Thirteen 
of the 21 major lakes of the watershed already 
exhibit overabundant aquatic plant growths, which 
interfere with recreational uses, such as swim- 
ming, fishing, and boating, while connected 
streams continue an endless effort to carry away 
enough of the nutrient contributions to allow a 
balanced aquatic plant growth. The most pressing 
need in this respect is to reduce or eliminate 
nutrient contribution to the lakes from domestic 
sewage, farm, and urban runoff. Failure to reduce 
this nutrient contribution will eventually destroy 
the lakes within the watershed as a recreational 
asset and turn them into a severe public liability. 

The problems of the lakes have been intensified by 
changes in the natural drainage pattern of the 
watershed through ditching and channel improve- 
ments and by poor agricultural and urban land 
development and use practices, which cause both 
accelerated eutrophication and sedimentation. In 
the latter process, sedimentary materials are 
deposited directly on the beds of the lakes, 
destroying valuable fish spawning areas and fur- 
ther reducing the depth of already shallow bodies 
of water. This soil erosion and consequent stream 
and lake sedimentation i s  one of the more serious 
immediate problems existing within the water- 
shed. The overabundance of rough fish is another 
serious fish management problem, plaguing both 
the lakes and streams of the watershed by creat- 
ing water conditions which favor undesirable 
plant, animal, and other aquatic life forms. 

There are 199 wetland units having a surface 
area of 50 acres or more within the watershed. 
These wetlands have a combined surface area of 
62.0  square miles, or 9 .7  percent of the total 
area of the watershed. This latter figure com- 

pares to 8 . 5  percent for the Fox River watershed 
and 6 . 8  percent for the state as a whole. Almost 
one-half of the original wetlands existing within 
the watershed have been destroyed or greatly 
modified since settlement. Wetlands have great 
value as fish and wildlife habitat areas; act as 
natural filters to trap and store nutrients; like the 
lakes, constitute important natural floodwater 
storage reservoirs, thereby reducing peak flood 
discharges within the watershed; and contribute to 
the aesthetic character and overall quality of the 
environment within the watershed. Wetlands of 
the watershed are subject to pollution, siltation, 
and molestation of wildlife, as well as destruction 
through conversion to agricultural and urban land 
uses. Problems in wetland management arise 
from unstable water levels, which can create 
odors, undesirable insect populations, and occa- 
sional release of stored nutrients to downstream 
watercourses. 

Woodlands are another important natural resource 
of the watershed. Originally, approximately 576 
square miles, or 83 percent of the total area of 
the watershed, were covered by woodlands. This 
has been reduced to approximately 111 square 
miles, or about 16  percent of the total area of the 
watershed, so that over 81 percent of the original 
woodland cover has been destroyed. At the pres- 
ent time, the amount of woodland acreage being 
destroyed within the watershed, primarily for 
roads and agricultural and urban land use devel- 
opment, is  estimated to be approximately 400 
acres, o r  150 acres more annually than is being 
planted to trees. Because of the type, quality, and 
age of the remaining woodland stands within 
the watershed, however, this rate of woodland 
destruction will accelerate as woodland neglect 
and urbanization proceed, unless a woodland man- 
agement and an active reforestation program is 
instituted. Woodlands within the watershed not 
only constitute an economic asset of great value 
but provide wildlife habitat; assist in reducing 
storm water runoff; and constitute an impor- 
tant aesthetic feature of the landscape, greatly 
enhancing the value of land for urban uses, as well 
as contributing to the ecological balance of the 
watershed. Problems related to the preservation 
of woodlands include, in addition to their destruc- 
tion through clearance for agricultural and urban 
use, insects and diseases, degradation by live- 
stock grazing, and fire. 

Almost 42 .3  square miles, or 6 percent of the 
total watershed, form a natural wildlife habitat. 



The most important species of wildlife now living 
within the watershed include white-tailed deer, 
beaver, otter, raccoon, fox, muskrat, weasel, 
skunk, opossum, woodchuck, and even an occa- 
sional badger, the symbol of the state. Small 
animals are naturally in more abundance than the 
large ones since they are  generally better able to 
adapt to the conversion of land to agricultural and 
urban use. Birds are also abundant within the 
watershed, with pheasant, Hungarian partridge, 
and various waterfowl forming an important rec- 
reational asset. 

The best remaining elements of the resource base 
of the watershed-the prime undeveloped stream 
and lakeshore areas, the best remaining wood- 
lands and wetlands, and the best remaining wild- 
life habitat areas-form lineal patterns within the 
watershed termed primary environmental corri- 

dors. These corridors comprise a total area of 
about 157 square miles, o r  23 percent of the 
total watershed area. These corridors, however, 
encompass 88 percent of the lake shorelines of the 
21  major lakes within the watershed; 85 percent of 
the total lineal miles of major stream channel 
length within the watershed; 68 percent of all 
remaining wetlands; 63 percent of all remaining 
woodlands; and 67 percent of the remaining wild- 
life habitat. The protection and preservation of 
these corridors in compatible open uses i s ,  there- 
fore, essential to the maintenance of a healthy 
environment for life within the watershed; to the 
preservation of i ts  wildlife; to i ts  unique cultural 
and natural heritage; and to its natural beauty. 
Because these environmental corridors must serve 
the watershed and its residents for all time to 
come, the value of these corridors will grow as  
the watershed continues to urbanize. 
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Chapter XIV 

OUTDOOR RECREATION NEEDS 

INTRODUCTION 

Rapid population increase and urbanization, com- 
bined with rising income levels, are generating 
a rapidly increasing demand for outdoor recreation 
in southeastern Wisconsin. This demand is  further 
intensified by the close proximity of the South- 
eastern Wisconsin Region with its nearly 1.8 mil- 
lion urban residents, to the northeastern Illinois 
metropolitan region, with its nearly 7 million 
urban residents, many of whom seek outdoor rec- 
reational opportunities in southeastern Wisconsin. 
The Milwaukee River watershed, with its many 
streams and lakes, varied topography, woodlands, 
wetlands, and wildlife habitat areas,  comprises 
a relatively prime recreational resource; and its 
proximity to the Milwaukee, as  well as  to the 
Chicago, Kenosha, and Racine, urbanized areas 
serves to increase i ts  potential recreational value. 
If this recreation potential i s  to be fully protected 
and developed to meet the growing demand for 
outdoor recreational opportunities, careful atten- 
tion must be given in the comprehensive water- 
shed planning effort to both a quantification of the 
existing and potential demand for outdoor recrea- 
tion and to the means available to satisfy this 
demand through public and private investment in 
outdoor recreational facility development. 

This chapter is primarily concerned with the 
determination of gross recreational land needs 
within the Milwaukee River watershed to the year 
1990. It also presents in summary form the 
results of the inventory of existing public and 
nonpublic outdoor recreational land, of the analy- 
ses  of existing and probable future participant 
demand, and of the forecast of overall recrea- 
tional land and water area requirements needed to 
meet the probable future demand prepared as  a 
part of the watershed planning effort. 

EXISTING OUTDOOR RECREATIONAL 
LAND INVENTORY-1967 

The results of the outdoor recreation and related 
open-space site inventory conducted in 1967 by 
the Wisconsin Department of Natural Resources, 
in cooperation with the Southeastern Wiscon- 
sin Regional Planning Commission (SEWRPC) , 

revealed that there were 186 such public and non- 
public sites within the Milwaukee River water- 
shed, encompassing a total of 29,065 acres,  o r  
6.5 percent of the total watershed area. These 
186 sites included 3,055 acres of water surface 
area ,  o r  about 45 percent of the total of 6,800 
acres of water surface area existing within the 
watershed! Publicly controlled lands owned o r  
leased by a governmental body o r  agency account 
for 25,120 acres,  o r  about 86 percent of the total 
acreage of recreation and related open-space 
sites within the watershed. Nonpublic ownership 
accounts for the remaining 3,945 acres,  o r  about 
14 percent (see Table 125). The status of public 
recreation and related land ownership in the five 
counties in which the watershed i s  located i s  sum- 
marized in Table 126 and shown on Map 23. 

The total outdoor recreation and related open- 
space site area, while one measure of the potential 
supply of recreational space, does not reflect the 
area actually developed for specific recreational 
activities and, therefore, available for active rec- 
reational use. A more detailed analysis of the 
si te area devoted to specific recreational activi- 
ties, as shown in Table 125, indicates that only 
11,187 acres, or approximately 38 percent of the 
publicly cofitrolled recreational lands within the 
watershed, a re  available for the 16 major specific 
water- and land-based outdoor recreational activi- 
ties listed in Table 125. Areas acquired and 
protected for their natural biotic values but open 
to public hunting comprise over 81 percent of 
these lands. Only 2,124 acres, or approximately 
19 percent of the publicly controlled recreational 
lands, a re  available for other outdoor recrea- 
tional activities. 

Undeveloped outdoor recreation lands total 14,645 
acres. Approximately 95 percent are  in public 
ownership and may be divided, as  shown in 
Table 127, into two categories: 

1. Developable lands, o r  lands acquired for 
specific outdoor recreational activities. 

1 See Chapter IV, Volume I ,  of this report, Tables I 7  and I8 
and Map 23. 



T A B L E  125  

OUTDOOR RECKEAT ION LANDS I Y  TWE MILWAUKEE R I V E R  W A T t R S H t D  
BY MAJOR RECREAT ICNAL  A C T I V I T Y  AND OWNERSWIP 1967 
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TOTAL 
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TOTAL UNDEVELOPED RECREATIOY LAYOS 
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OUTDOOR RECREATION LAND I N  THE MILWAUKEE R I V E R  
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These lands total 708 acres,  o r  about 
4 percent of the total undeveloped outdoor 
recreation lands in the watershed. 
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2. Open-space lands, o r  lands acquired to 
provide open-space o r  undeveloped land 
adjacent to specific intensive outdoor rec- 
reational activity land and which, while 
essential to the protection and enhance- 

1 4 5  

ment of the intensively used sites, a re  
currently not intended for further develop- 
ment. These lands total 13,937 acres,  o r  
about 96 percent of the total undeveloped 
outdoor recreation land in the watershed. 
As shown in Table 128, certain of these 
open-space lands support lands developed 
for specific major intensive outdoor rec- 
reational activities. 
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TABLE 1 2 7  

E X I S T I N G  UNDEVELOPED OUTDOOR RECREATION LANDS 
I N  THE HILHAUKEE RIVER WATERSHED BY OWNERSHIP- 1 9 6 7  

'SUPPLEMENTARY LANDS ARE THOSE LANDS L Y I N G  ADJACENT TO I N T E N S I V E  RECREATION DEVELOPMENT WHICH PRO- 
V I D E  R E L A T I V E L Y  UNDEVELOPED OPEN SPACE OR NATURAL BUFFER AND ARE NOT INTENDED FOR I N T E N S I V E  
DEVELOPMENT. 

SOURCE- WISCONSIN DEPARTMENT OF NATURAL RESOURCES AND SEWRPC- 
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DEVELOPABLE LANDS 

Privately owned outdoor recreation lands total In addition to ownership, the existing developed 
3,945 acres, or  less than 1 percent of the water- outdoor recreation land area of the watershed 
shed area;  and of this total, 3,233 acres, or  was inventoried to determine the amount of land 
approximately 82 percent, were developed for devoted to each of 16  major outdoor recreational 
active outdoor recreational use, and 712 acres, activities (see Table 125). These 16 activities 
or  approximately 18 percent, remain unused but a re  consistent with the Wisconsin Department of 
potentially developable. Natural Resources outdoor recreation analysis 
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categories and are  divided into two major groups- 
five water-based activities and 11 land-based 
activities. All developed land not devoted to these 
16 major activities, such as  land for playfields, 
trapshoot areas, and skating areas, was also 
inventoried. The total developed acreage devoted 
to such minor land- and water-based activities i s  
shown in a residual category in Table 125. 

Water-Based Activities 
Public Developed Lands Devoted to Water-Based 
Activities: The five major water-based activities- 
swimming, boating, fishing, canoeing, and water 
skiing-require land adjacent to a water body for  
access. Such lands include boat launching areas, 
swimming beaches, and fishing water-access 
areas. Publicly owned or controlled water-based 
recreational areas within the Milwaukee River 
watershed a re  limited to beach and boat water- 
access developments and a re  usually combined 
with a large multi-use public land-based outdoor 
recreation area. Lands in public ownership 
account for  41 percent of the total water-based 
outdoor recreational area  in the watershed; how- 
ever, at the present time, there a re  only 16 acres 
of public swimming beaches, having a combined 
shoreline frontage of 2,200 feet, and seven acres 
of public boat access, having a combined shoreline 
frontage of 300 feet, available in the watershed. 

Publicly owned water-based recreational areas 
within the watershed a re  presently provided by 
three levels of government: local, county, and 
state. There a re  no federally owned lands devel- 
oped for water-based recreational activities within 
the watershed. Of the total public land area 
devoted to water-based recreational activities, 
50 percent i s  owned and operated by local units of 
government, about 25 percent is  owned and oper- 
ated by county units of government, with the 
remaining 25 percent owned and operated by the 
State of Wisconsin (see Table 125). 

Nonpublic Developed Lands Devoted to Water- 
Based Activities: Nonpublicly owned land devoted 
to water-based activities may be classified as  
either private-restricted, organizational, or com- 
mercial. The organizational and private-restricted 
facilities, generally located on lake shorelines, 
a re  owned by private individuals o r  groups which 
restr ict  the use of the lands to members only. 
Swimming, sailing, canoeing, water skiing, and 
power boating are  popular activities at private- 
restricted recreational developments. Most or- 
ganizational developments devoted to water-based 

activities a re  group campgrounds, such as those 
used by the Boy Scouts, Girl Scouts, and church 
camps. Commercial water-based recreational 
activities, while privately owned, a re  open to the 
general public on a fee basis. Such commercial 
lands generally involve activities relating to boat 
rental, bait sale, and fishing access surrounding 
lake shorelines. Many of these areas provide the 
non-boat-owning public the opportunity to enjoy 
water activities by providing equipment on a rental 
basis, a s  well as  access to a water body. Pres- 
ently, there a re  a total of 24 acres of nonpublicly 
owned beaches, having a combined shoreline front- 
age of 3,275 feet, and nine acres of nonpublicly 
owned boat access areas, having a combined 
shoreline frontage of 507 feet, available within the 
watershed. Of this total, 13 acres of swimming 
beaches, having a shoreline frontage of 1,965 feet, 
and three acres of boat access, having a shoreline 
frontage of 167 feet, a re  in commercial use. The 
remaining areas a r e  in private-restricted or 
organizational use. Some of the larger multi-use 
commercial recreation establishments provide 
swimming pools in addition to other recreational 
activities. 

Land-Based Activities 
Public Lands Devoted to Land-Based Activities: 
The 11 major land-based activities-camping, pic- ' 

nicking, golfing, hunting, skiing, sightseeing, plea- 
sure  driving, bicycling, hiking, nature walking, 
and horseback riding-are all recreational activi- 
ties that a re  performed wholly on land. Publicly 
owned land-based recreational land areas within 
the watershed a re  presently provided by three 
levels of government: local, county, and state. 
There a re  no federally owned land-based recrea- 
tional areas within the watershed. The local 
units of government presently provide most of the 
daily activity recreational areas in the form of 
neighborhood and community parks and play- 
grounds (see Table 125). Emphasis in the design 
and improvement of such land areas i s  placed on 
intensive use activities, such as  ball fields and 
swimming pools; and such land areas a re  usually 
operated and maintained by local park and rec- 
reation departments. 

County-owned recreational lands within the water- 
shed generally a r e  larger, multi-use park sites 
serving county and regional recreation needs, as  
well as  meeting some local needs. Such county 
parks generally provide picnic areas, playfields, 
golfing, hiking, and camping areas (see Table 125). 
Milwaukee County currently has the largest and 



most completely developed county recreation lands 
in the watershed, totaling 1,741 acres, or about 
80 percent of the total county-owned recreation 
lands within the watershed (see Table 126). 

State-owned lands comprise the largest outdoor 
recreational land acreage within the watershed. 
Most of the state-owned lands a r e  operated by the 
Forest and Fish and Game Management Bureaus 
of the Wisconsin Department of Natural Resources 
as  state forests and wildlife habitat areas and a re  
not developed or intended for intensive recrea- 
tional use. These lands do, however, provide 
opportunities for sightseeing, pleasure driving, 
hiking, and hunting and a re  essential to the pro- 
tection of essential biotic elements of the natural 
resource base. The only major intensively devel- 
oped state outdoor recreational lands within the 
watershed a re  the Mauthe Lake and Long Lake 
recreational areas, both of which a re  located in 
the northern unit of the Kettle Moraine State 
Forest in Fond du Lac County. Camping, hiking, 
and picnic areas, as  well as beach and boat 
launch areas, are  provided at these parks. Addi- 
tional intensively developed state recreation lands 
include special aativities areas, such as way- 
side parks, which offer picnicking facilities (see 
Table 125). 

Non~ublic Develo~ed Lands Devoted to Land-Based 
Activities: Of the total land-based recreational 
area  within the watershed, private-restricted 
lands presently account for approximately 9 per- 
cent. Primarily two types of recreational activ- 
ities a re  provided by private operators: golf 
courses and hunting grounds. Other specialized 
recreational land-based activities provided for by 
private operators include picnic grounds, play- 
fields, shooting ranges, and nature hiking areas 
(see Table 125). Although some of the private- 
restricted lands provide for several kinds of 
land-based recreational activities, the use of such 
lands is restricted by membership regulations 
and, therefore, is  generally available only to a 
limited number of people. Generally heavily used 
only on summer weekends, these lands serve a 
valuable limited use open-space function through- 
out the entire year. Some private-restricted 
recreational establishments, however, a r e  now 
beginning to provide for year-round recreational 
activities. Ozaukee County ranks f irst  within the 
watershed in both acreage and in the number 
of activities provided for by private-restricted 
development (see Table 126). 

Organizational group-owned lands presently ac- 
count for approximately 7 percent of the total 
land-based recreational area within the watershed; 
and, like the private-restricted ownership lands, 
use i s  restricted to members of the sponsoring 
groups, such as fishing and hunting clubs, service 
clubs, and local scouting organizations. Typical 
recreational activities provided for on organiza- 
tional-owned lands a re  group camping areas, 
picnic areas, trapshooting, hiking trails, and 
limited golf facilities (see Table 125). Some of 
the land areas owned and operated by organiza- 
tional groups also provide ample opportunity for 
nature study and serve a valuable open-space 
function. Washington County ranks f irst  in both 
acreage and the number of sites devoted to pri- 
vate organizational use within the watershed (see 
Table 126). 

Many commercial recreational operations a re  
located throughout the watershed, and these lands 
account for approximately 5 percent of the total 
land-based recreational areas within the water- 
shed. Most commercial recreation operations a re  
seasonal and range from single-use areas, such 
as  horse rental stables, to multi-use areas, 
providing such activities as  camping, horseback 
riding, golfing, and skiing. Such commercial 
operations constitute the largest amount of recre- 
ational land devoted to camping and skiing fa- 
cilities in the watershed. Washington County 
currently ranks first in both acreage and the 
number of sites devoted to commercial recrea- 
tional use within the watershed (see Table 126). 

FACTORS AFFECTING THE EXISTING 
AND FUTURE DEMAND FOR OUTDOOR 
RECREATIONAL LANDS 

The greatest use of outdoor recreational lands 
within the Milwaukee River watershed occurs 
during the summer vacation season, extending 
from Memorial Day weekend in May through the 
Labor Day weekend in September. This period of 
intensive use o r  high demand coincides with the 
warmest season of the year, the longest daylight 
hours, and the annual vacation times for the 
majority of persons having children affected by 
school-term residence requirements. Thus, the 
Milwaukee River watershed generally experiences 
its greatest recreational use pressures and larg- 
est  number of users from the 4th of July through 
the f irst  week of August. 



As already noted, the Milwaukee River watershed 
i s  located within southeastern Wisconsin, one of 
the large urban regions of the United States. It is 
located, moreover, in close proximity to the 
northeastern Illinois metropolitan region, the third 
largest urban region in the United States. Both of 
these regions are experiencing rapid population 
growth and urbanization. By 1990, over 2.6 mil- 
lion people are expected to reside within the 
Southeastern Wisconsin Region; and over 9.5 mil- 
lion people, in the Northeastern Illinois Region 
(see Table 129). These forecast population levels 
constitute increases of approximately 800,000 
people, o r  about 44 percent, and approximately 
3 million people, o r  about 45 percent, respec- 
tively, over the 1967 population levels of these 
two regions. A greatly increased demand for out- 
door recreation i s  certain to be generated by 
such rapid increase in population within these two 
urbanizing regions. 

Urbanization within the watershed is  already 
exerting a direct and rapidly increasing pressure 
on its recreational resources. By 1990 about 
678,000 people a re  expected to reside within the 
watershed. This forecast of growth represents an 
increase of about 25 percent over the 1967 popula- 
tion of 544,000. This increase, while smaller in 
actual numbers than is  expected in adjacent, more 
intensely urbanized areas, will have a more sig- 
nificant effect on the recreational facilities and 

resources of the watershed than the larger in- 
creases expected in the adjacent urbanized areas. 
Instead of only weekend and summer vacation use 
of the recreational resources of the watershed, 
daily year-round use is increasingly being made 
of these resources by watershed residents. This 
internal pressure on recreational watershed re-  
sources may be expected to increase as  population 
growth increases within the watershed. Moreover, 
urban land development attendant to such popula- 
tion increase will not only result in greater pres- 
sures on recreation facilities but may also result 
in loss or irreparable damage to the recreation 
resource base itself. 

Intensified pressure on recreational resources of 
the watershed i s  also being generated in the South- 
eastern Wisconsin Region outside the watershed by 
the rapidly increasing Kenosha, Milwaukee, and 
Racine urban populations. Reduction of travel time 
from urban centers to recreational areas in the 
watershed, especially by construction of new high 
speed, all-weather freeways, will make the rec- 
reational resources of the watershed more readily 
accessible to a larger urban population on a day- 
use basis. As population growth and transpor- 
tation system improvement continues, the daily 
pressures on recreational resources are  expected 
to increase; and additional daily, as well as  addi- 
tional weekend, demand will have to be met by 
existing and potential outdoor recreation areas 
within the watershed. 

TABLE 1 2 9  

E X I S T I N G  AND FCRECAST POPULATION I i u  THE MILWALKEE R I V E R  
WATERSHED AND ADJACENT UKBAh AREAS- 1967 AND 1390 

aINCLUDES ALL OF CCOK, DUPAGE* KANE, LAKE, MChENRY AND h I L L  COUNTIES I N  
NCRTHEASTERN I L L I N C  I S .  

AREA 

YILWAUKEE R IVER WATERSPEC 
SCUTHEASTERN WISCONSIN REGION 
K C R T H E A S T E R N  ELLINOIS"  

b~~~~~~~~~~~~ BY SEWRPC FROM 1 9 6 5  AND 1975 POPULATICN DATA COPPILED B Y  
THE NCRTHEASTERN I L L I N O I S  PLANNING CONMISSICh I N I P C )  AND REPCRTEC I N  
hIPC PLANNING PAPER NO. 10 .  

C~~~~~~~~~~~~ BY SEWRPC FROM 1 9 8 5  AND 1 9 9 5  POPULATION FGRECASTS PREPARED 
BY N I P C  AND REPORTED I N  N I P C  PLANhING PAPER NO* 1 C .  

SOURCE- SEWRPC. 

PERCENT INCREASE 

24.6 
4 8 - 0  
36.8  

PQPULATION 

1 9 6  7 

5 4 3 , 7 9 0  
1 , 8 0 9 ,  5 0 0  
6 , 9 7 2 ~  l o o b  

1 9 9 0  

6 7 7 9 6 5 0  
27678,COO 
9 , 5 3 7 , 5 0 C C  



The northeastern Illinois metropolitan region ex- 
er ts  an ever-increasing demand on nearby rec- 
reational areas, including the Milwaukee River 
watershed in Wisconsin. Data compiled by the 
Wisconsin Department of Natural Resources indi- 
cate that persons seeking day-use recreational 
activities will drive up to two hours from their 
residence to outdoor recreational activity facili- 
ties. This driving time places all of southeastern 
Wisconsin, nearly all of northeastern Illinois, as 
well a s  other large areas of southern Wisconsin 
and northern Illinois, within day-use range of 
recreational facilities in the watershed (see Map 
62). About 7 million people reside within this 
day-use area. Unless potential recreation areas 
a re  acquired and developed, overuse and deterio- 
ration or destruction of existing recreation areas 
and the recreation resources base will result. 

EXSTING OUTDOOR RECREATIONAL 
ACTIVITY DEMAND-1967 

Outdoor recreation demand is measured in terms 
of individual participation in each of the 16 speci- 
fic major outdoor recreational activities experi- 
encing the highest participation on an average 
seasonal Sunday2 in the State of Wisconsin, a s  
determined by surveys of the Wisconsin Depart- 
ment of Natural Resources. Total participation 
in each of the 16 major outdoor recreational 
activities has been further subdivided into three 
major categories based on the residence of the 
participant; namely, residents of the watershed, 
residents of Wisconsin outside the watershed, and 
residents of other states (see Table 130). 

Water-Based Activities 
Water-based outdoor recreational activities, as 
previously indicated, are  those activities which 
require access to a body of water (see Table 130). 
Demand for water-based activities in the water- 
shed currently accounts for over 47 percent of the 
total outdoor recreation demand. Fifty-three per- 

2The term "average seasonal Sunday" has been defined by 
the Wisconsin Department of Natural Resources for I4 of I6 
major outdoor recreational activities as a summer Sunday 
not coinciding with a holiday weekend. An average seasonal 
Sunday for hunting and skiing activities is defined as a non- 
holiday weekend Sunday during the legal Wisconsin hunting 
season and a nonholiday weekend Sunday during the winter 
months, respectively. For the seven-county Southeastern 
Wisconsin Region, the rate of participant demand for an 
average seasonal Sunday has been calculated by the Wkconsin 
Department of Natural Resources in The Outdoor Recreation 
Plan, Wisconsin Development Series--1966, to be 2.3 times - 
the average seasonal weekday participation demand. 

cent of the total demand for water-based recrea- 
tional activities in the watershed is generated by 
watershed residents, approximately 33 percent is 
generated from within the State of Wisconsin but 
outside the watershed, and the remaining 14.0 
percent of total demand for water use is generated 
by out-of-state users. 

As shown in Table 131, three of the seven highest 
ranked activities based on participation demand- 
swimming, boating, and fishing-require surf ace 
water. These three activities account for 30 per- 
cent of the outdoor recreation demand in the 
watershed. Despite this heavy demand, areas 
providing access to water bodies in the watershed 
total only 56 acres, or less than one percent of the 
total land area devoted to outdoor recreation. 
Seventeen acres, or 30 percent of the total devel- 
oped water access points, a re  either in private- 
restricted ownership o r  organizational ownership 
and are  not available for general public use. 
Because of this, therefore, the demand on public 
and commercially owned and operated water 
access areas is increased. At present, local 
units of government in the watershed provide 
18 acres, o r  32 percent of all lands developed for 
water access. 

In view of the existing water-based activity de- 
mand, water surface area within the watershed i s  
severely limited. Lake and stream surface area in 
the watershed totals approximately 6,800 acres, o r  
less than 1.5 percent of the area of the watershed. 
Fortunately, the activity experiencing the highest 
participant demand-swimming-requires the least 
amount of water area. According to state promul- 
gated standards for lake development, swimming 
should be allocated to the area extending 200 feet 
from the shoreline. In the Milwaukee River 
watershed, this swimming area allotment totals 
2,206 acres, or  about 32 percent of the total sur- 
face water area. It is anticipated that, if shoreline 
in the watershed i s  acquired and properly devel- 
oped and if water quality levels in the lakes and 
streams are  maintained to permit full-body-con- 
tact-recreational use, demands for swimming can 
be met within the watershed. 

Demand for other water-based activities has, on 
the other hand, already reached critical levels. 
Surface water area available for all water-based 
recreational activities other than swimming totals 
only 4,594 acres. With a participant demand of 
21,159 for water-based activities other than swim- 
ming on an average seasonal Sunday, only about 



The accessibility of the recreational resources of the Milwaukee River watershed, and in particular the upper watershed 
area in Wisconsin, to large concentrations of potential recreation users is graphically depicted on this map. A maior portion 
of sauthern Wisconsin and northern Illinois lies within a dayuse automobile drive from the watershed. The total population 
encompassed within that day-use radius presently exceeds 7 million persons and is expected to exceed 9 million persons by i 
1990. 

Source: SEWRPC. 



TABLE 130 

E X I S T I N G  AVERAGE SEASONAL SUNDAY PARTICIPANT RECREATION DEMAND 
I N  THE MILWAUKEE RIVER WATERSHED BY MAJOR RECREATIONAL A C T I V I T Y  

AND RESIDENCE O F  PARTICIPANT- 1967 

YbTER-BASED 
SWI* l4 ING 
BOATING 
F I C H I N G  

MbJOR RECREATIONAL 
A C T I V I T Y  

RObC A C T I V I T I E S  
S I G H T S E E I N G  
PLEASURE D R I V I N G  
B I C Y C L I N G  

T R b l L  A C T I V I T I E S  

TOTAL 
P A R T I C I P A N T S  

H I K I N G  1 . 4 4 2  5 7 . 1  3 1 4  21.8 
NATURE WALKING 4 . 0 7 4  f 3 %%! f 8 0 . 9  f 1 1 4  f 2 . 8  f "P f 1 6 1 3  f 2 1  1  

HCRSEBACK R I D I N G  f 9 7 4  9 0 . 5  9  3  9 .5  -- 
I SUBTCTAL I 1 4 4 . 9 2 6  1 9 1 . 6 9 7  6 3 . 3  3 2 . 4 4 8  1 2 2 . 4  2 0 . 7 8 1  1 4 . 3  1 

SOURCE- W I S C O N S I N  OEPARTCENT OF NATURAL RESOURCES AND SEWRPC. 

LATERSHED R E S I D E N T S  

TABLE 131 

P A R T I C I P A N T S  

RANK ORDER OF E X I S T I N G  RECREATIONAL A C T I V I T Y  DEMAND 
ON AM AVERAGE SEASONAL SUNDAY I N  THE 

MILWAUKEE RIVER WATERSHED BY RESIDENCE OF PARTICIPANT- 1967 

PERCEhT CF 
TOTAL 

OUT-OF-WATERShED 
W I S C O N S I N  R E S I D E N T S  

P b R T I C I P A N T S  

OLT-OF-STATE 
R E S I D E N T S  

PLEASURE 0RI:ING 
I 49,498)  

SWIMMING 
I 23,2861 

GOLFING 
11.865) 

P ICNICKING 
I 11,621)  

B ICYCLING 
I 6,817)  

SIGHTSEEING 
I 5.652) 

F I S H I N G  
I 5.082)  

NATURE WALKING 
I 3.296) 

BOAT I N G  
I 2,297)  

HORSEBACK R IOING 
I a e l )  

HUNTING 
I 8 5 0 )  

H I K I N G  
I 8 2 4 )  

WATERSKIING 
I 4 1 9 )  

S K I I N G  
I 2 4 3 1  

CAMPING 
I 1 5 0 )  

CANOEING 
1 1 0 5 )  

PERCENT OF 
TOTAL P A R T I C I P A N T S  

RANK ORDER OF 
A C T I V I T Y  

PLEASURE DRIV ING 
(15 ,753 )  

SWIMMING 
114,7781 

SIGHTSEEING 
5.468) 

P ICNICKING 
I 4,614) 

F I S H I N G  
I 3.242) 

GOLFING 
I 2.3481 

BOATING 
2,245)  

HUNTING 
2,154) 

CAMP I NG 
I 7 4 2 )  

S K I I N G  
I 6 1 1 )  

WATERSKIING 
I 5 0 8 )  

H I K I N G  
I 3 1 4 )  

BICYCLING 
I 2 3 7 )  

CANOEING 
I 1 5 8 )  

NATURE WALK1 NG 
I 1 1 4 )  

HORSEBACK R I D 1  NG 
I 9 3 )  

PERCEhT OF 
TOTAL 

PLEASURE DRIV ING 
I 8,337 )  

SIGHTSEEING 
I 6,2781 

SWIMMING 
I 5.963)  

BOATING 
4.108)  

F I S H I N G  
I 2,5131 

GOLFING 
I 1,884) 

CAMPING 
1,530)  

P ICNICKING 
I 1,173 )  

NATURE WALKING 
I 6 6 4 )  

S K I I N G  
I 5 3 1 )  

WATERSKI I NG 
I 3 2 2 )  

H I K I N G  
I 3 0 4 )  

CANOE 1 NG 
I 1 6 0 )  

HUNT I NG 
I 8 0 )  

HORSEBACK R I D I N G  -- 
BICYCLING -- 

WATERSHED 
RESIDENTS 

PLEASURE DRIV ING 
I 73.588)  

SW IMMING 
I 44 ,027 )  

P ICNICKING 
17 ,408 )  

SIGHTSEEING 
I 17,3981 

GOLFING 
I 16.097)  

F I S H I N G  
I 10.837)  

BOATING 
I 8.6501 

BICYCLING 
I 7,0541 

NATURE WALKING 
I 4,074)  

HUNTING 
( 3 ,084 )  

CAMPING 
I 2.422) 

H I K I N G  
I 1 ,442 )  

S K I I N G  
I 1 ,385 )  

WATERSKIING 
1 1,249)  

HORSEBACK R I O I N G  
9 7 4 )  

CANOEING 
I 4 2 3 1  

OUT-OF-WATERSHED 
WISCONSIN RESIDENTS 

SOURCE- WISCONSIN DEPARTMENT OF NATURAL RESOURCES. 

TOTAL 

OUT-OF-STATE 
RESIDENTS 

TOTAL 
PARTICIPANTS 1 

a NUMBERS BELOW EACH ACTIV ITY  REPRESENT THE 1 9 6 7  ESTIMATED PARTIC IPATION DEMAND ON AN AVERAGE SEASOYAL 
SUNDAY I N  THE MILWAUKEE RIVER WATERSHED, EXPRESSED I N  NUMBER OF PERSONS. 

(122 ,886 )  (53 ,379 )  ( 3 3 . 8 4 7 )  ( 2 1 0 1 1 1 2 )  



0.2 acre of available lake and stream and surface 
area could be allotted for each participant. If 
one-fifth of the total participants a re  on the water 
at any one time, this allocation would be in- 
creased to almost 1.0 acre per participant, only 
one-fifth the lake and stream water use standard 
of five acres per participant recommended for 
good water resource management by the Wiscon- 
sin Department of Natural Resources. 

Land-Based Activities 
Land-based outdoor recreational activity demand 
currently comprises over 45 percent of the total 
demand. Two activities-pleasure driving and 
sightseeing-account for over 63 percent of all 
land-based activity participation on an average 
seasonal Sunday. Neither of these recreational 
pursuits requires direct ownership of recreation 
land, but rather requires the provision of sec- 
ondary highways as  pleasure drives and the main- 
tenance of the visual beauty of the countryside and 
the preservation of sites of scenic and historic 
interest. Therefore, while comprising the heavi- 
est demand, these recreational pursuits a re  also 
the easiest to provide for in terms of land acquisi- 
tion and development if the beauty of the landscape 
i s  maintained by well-planned urban and rural  
development and pollution control, assuring the 
continued availability of the landscape for aesthe- 
tic enjoyment. 

Land developed within the watershed for land- 
based outdoor recreational activities i s  limited 
considering the rapidly increasing demand for 
such activities. While total outdoor recreation 
land acreage in the watershed appears large, that 
portion of the total actually developed and, there- 
fore, available to the general public for inten- 
sive use i s  limited, particularly when related 
to participant demand. Of the 13,772 acres of 
land devoted to land-based recreational activi - 
ties, only 3,971 acres, or less than 29 percent, 
a r e  developed for active outdoor recreation pur- 
poses. Publicly owned land, totaling l ,  620 acres, 
represents less than 41 percent of the total land 
devoted to active recreational use in the water- 
shed. Private-restricted o r  organizational owner- 
ship totals 2,351 acres, or  59 percent of active 
recreational land in the watershed, but i s  not 
accessible to the general public. Of all publicly 
owned outdoor recreation land in the watershed, 
9,801 acres a re  owned o r  leased primarily for 
protecting and enhancing the natural biotic values 
and secondarily for hunting purposes. These 
state-owned or  controlled wildlife areas total 

9,063 acres, or 92 percent. For these lands to 
achieve their primary purpose, they must be 
maintained in an essentially natural condition. 
Therefore, with the exception of such uses as 
hunting or sightseeing, they a re  generally not 
available for outdoor recreational activities. 

FORECAST OUTDOOR RECREATIONAL 
ACTIVITY DEMAND-1990 

As already indicated, large and rapid increases 
in population within the watershed, as  well as in 
adjacent urbanizing regions, are expected to have 
a significant impact on the recreational facilities 
and the recreation resource base of the water- 
shed. That expected impact can be expressed in 
terms of the participant demand forecast for each 
of the 16 major outdoor recreational activities in 
the watershed. 

Water-Based Activities 
By 1990 approximately 157,000 participants in 
water-based facilities a r e  expected in the water- 
shed, o r  33 percent of the expected total partici- 
pant demand for outdoor recreation. This i s  an 
increase of 92,000 water-based activity partici- 
pants, or 141 percent of the 1967 demand levels, 
and an increase of 7 percent in the proportion 
which this participant demand comprises of the 
total demand. Thus, participant demand for water- 
based outdoor recreational activities in the water- 
shed is not only expected to more than double in 20 
years but i s  expected tobecome even more popular 
as a leisure-time activity than is now the case. As 
indicated in Table 132, participation in swimming 
i s  expected to increase 148 percent; and swim- 
mers  will remain the largest single-user group 
of water-based outdoor recreational facilities. 
Swimming will account for 76 percent of all 
water-based recreational activity participants and 
29 percent of all major outdoor recreational 
activity participants. This significant increase 
in participant demand for swimming i s  indicated 
by the even more significant increase expected 
in out-of -state participant demand for swimming 
facilities. Out-of-state demand i s  forecast at 
229 percent above the 1970 level, reflecting 
expected large population increases in northeast- 
ern Illinois, combined with more leisure time and 
improved transportation facilities. 

Canoeing is  expected to experience the largest 
percentage increase in water-based participant 
demand (222 percent) with 51 percent of the canoe- 
ing demand generated by out-of-state residents. 



TABLE 132 

WATER-BASE0 
SY I C U I N G  
B O A T I N G  
F I S H I N G  
CANOEING 
W A T E R S K I I N G  

FORECAST AVERAGE SEASONAL SUNDAY PARTICIPANT DEMAND 
I N  THE MILWAUKEE RIVER WATERSHED 

BY MAJOR RECREATIONAL A C T I V I T Y  AND RESIDENCE OF PARTICIPANT- 1 9 ~ 0 ~  

SUBTCTAL 

S I T E  A C T I V I T I E S  
C A N P I N G  
P I C N I C K I N G  
G O L F I N G  
H U N T I N G  
S K I I N G  

RCAC A C T I V I T I E S  
S I G H T S E E I N G  
PLEASURE C R l V l N G  
B I C Y C L I N G  I TRIIL ACTIVITIES 
H I K I N G  

PERCENT INCREASE 
I N  TOTAL 

P A R T I C I P A N T  
DEMAND 

1 1 9 6 7 - 1 9 9 0 1  

NATURE WALKING 1 HCRSEBACK R I D I N G  

1 SUBTOTAL 

YAJCR R E C R E A T I C N A L  
A C T I V I T Y  

OUT-OF-STATE 
R E S I D E N T S  

I T C T A L  

P A R T I C I P A N T S  

OUT-OF-WATERSHEC 
W I S C O N S I h  R E S I D E N T S  

' I N T E R P o L A T E c  BY SEYRPC FROM P A R T I C I P A N T  OEVANO DATA PROJECTED FOR THE YEARS 1 9 8 0  ANC ZOO0 BY THE W I S C O N S I N  DtPARTMENT OF RESOURCE OEVELCPMENT 
ANC P U B L I S V E O  I N  THE OUTCOOR R E C R E A T I O N  PLAN,  k l S C O N S l N  CEVELOPVEhT S E R I E S - 1 9 t 6 -  

b O A ~ A  NCT AVAILABLE.  

SOURCE- Y I S C O N S I Y  CEPARTMENT OF NATLRAL RESCURCES AND SEkRPC. 

TOTAL 
P A R T I C l P A N T S  

PERCENT OF 
TOTAL P A R T I C I P A N T S  

Forecast of participant demand for fishing will 
show the smallest increase during the period 
1967 to 1990, an increase of 49 percent. This is 
large, however, considering the already intensive 
use of the surface waters in the watershed. 

PERCENT OF 
TOTAL 

1970 b 1990. Participation in four of the 11 land- 
based activities may be expected to increase 
100 percent o r  more in this period. Land-based 
activities may be expected in 1990 to account for 
255,000 participants, o r  62 percent of the total 
demand for outdoor recreation in the water- 
shed. This i s  an increase in total participation of 
110,000, o r  76 percent over 1967. 

hATERSHED R E S I O E h T S  

The forecast demand for water-based recreational 
activities in the watershed will exert great pres- 
sures on the water resources, which are  already 
being used at a critical level with respect to the 
ability of these resources to sustain the use 
without an overall decline in quality. Meeting 
the expected intensified demand, therefore, will 
require the provision of additional water surface 
area in the watershed; stricter enforcement of use 
standards and regulations, thereby, in effect, 
limiting participation in water-based activities; or  
the lowering of use standards to allow a more 
intensive use of the resource. A combination of 
one or more of these o r  other measures may be 
the ultimate solution to meeting the expected high 
demands; but, in so  doing, the ultimate destruction 
of the resource must not be permitted. 

P A R T I C l P A h T S  

Unless traffic congestion becomes intolerable, 
pleasure driving will remain the most popular 
land-based activity, with sightseeing second in 
popularity. These two activities will generate an 
average seasonal Sunday participation demand of 
171,000, o r  68 percent of all such demand for 
land-based activities. Activities, such as  golf- 
ing, hunting, skiing, and horseback riding, are  
expected to generate modest increases in partici- 
pation, a s  indicated in Table 132. 

PERCENT OF 
TOTAL 

The relative popularity of the various recreational 
activities on an average seasonal Sunday in 1990 
is expected to change only slightly from the 1967 
ranking, as  shown in Table 133. Sightseeing and 

Land-Based Activities boating are  anticipated to move up in rank, while 
Like water-based activities, land-based partici- picnicking and hunting a re  anticipated to move 
pant demand for major recreational activities in down in rank. While hunting will remain an 
the watershed i s  expected to experience significant activity of relatively low rank, pressure on 
increases in the 20-year period, extending from game species will increase because of continuing 



T A B L E  133 

RANK ORDER OF FORECAST R E C R E A T I O N A L  A C T I V I T Y  DEMAND 
ON AN AVERAGE SEASONAL SUNDAY IY THE 

MILWAUKEE R I V E R  WATERSHED @ Y  RESIDENCE O F  PARTIC IPANT-  1990~ 

a INTERPOLATED BY SEHRPC FROM PARTICIPANT DEMAND DATA PROJECTED FOR THk YEARS 1 9 8 0  AN0 ZOO0 BY THE 
WISCONSIN DEPARTMENT OF RESOURCE DEVELOPdENT AND PUBLISHED I N  THE OUTDOOR RECREATION PLAN* WISCONSIY 
DEVELOPMENT SERIES, 1966.  

RANK ORDER OF 
A C T I V I T Y  

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

11 

1 2  

1 3  

1 4  

1 5  

1 6  

TOTAL 

b~~~~~~~ BtLOW EACH A C T I V I T Y  REPRESENT THE FORECAST 1 9 9 0  PARTICIPATION DEMAND ON AN AVERAGE SEASONAL 
SUNDAY I N  THE MILWAUKEE RIVER WATERSHED, EXPRESSED I N  NUMBER OF PERSONS. 

DEMAND FIGURES NOT AVAILABLE. 

WATERSHED 
RESIDENTS 

PLEASURE DRIV ING 
I 8 2 , 0 9 1 1 ~  

SWIMMING 
1 6 1 , 3 2 3 )  

GOLFING 
I 16 ,0771  

P I C N I C K I N G  
( 16,0181 

SIGHTSEEING 
I 9.983)  

B ICYCLING 
I 9 , 9 3 9 )  

NATURE WALKINL 
1 7 ,4411  

F I S H I N b  
I 7,084)  

BOATING 
I 3,2401 

HORSEBACK R I O I Y G  
I 1 .319)  

HUNT I NG 
I 1,210)  

H I K I N G  
I 9 4 2 1  

HATERSKIING 
( 8 7 4 )  

S K I  ING 
I 3 6 9 )  

CAiiOE ING 
I 2 3 3 )  

CAMPING 
I 2 2 5 )  

1 2 1 8 , 3 6 8 )  

SOURCE- WISCONSIN DEPARTMENT OF NATURAL RESOURCES AND SEWRPC. 

changes in, and intensification of, land use devel- 
opment on areas adjacent to those specifically 
acquired for wildlife habitat values. In addition, 
wildlife areas a re  expected to provide signifi- 
cant values for such activities as  sightseeing 
and hunting. 

OUT-OF-WATERSHED 
WISCONSIN RESIDENTS 

SWIMMING 
I 38,2211 

PLEASURE DRIV ING 
I 24,507)  

SIGHTSEEING 
I 15 ,720)  

P I C N I C K I N G  
( 6 ,3471  

F I S H I N G  
I 4.3861 

GOLF1 NG 
I 3,157) 

BOATINL 
I 3,070)  

HUNTINL 
I 3,0071 

H I K I N G  
I 1,6511 

CAMPING 
I 1 , 3 1 4 )  

WATERSKIING 
I 1,031)  

S K I I N G  
I 9 4 5 )  

B ICYCLING 
I 3 5 1 )  

CANOEIYG 
I 3 4 0 1  

VATURE HALKI  I ~ G  
I 2 5 3 )  

HORSEBACK R I D I N G  
I 1 3 9 1  

1104 ,439)  

 and must be acquired and developed for inten- 
sive recreational use i f  the expected demand for 
outdoor recreational activity is to be accommo- 
dated in the watershed. If the acquisition and 
development of such land cannot be accomplished, 
other special, possibly severe, measures will be 
required to preserve the resource base in the face 
of expected intensive use. These measures may 
have to include limiting recreational use. 

OUTDOOR RECREATION LAND 
AND WATER NEEDS-1990 

OUT-OF -STATE 
RkSIDENTS 

SILHTSEEING 
121 ,238)  

SWI MMI NG 
119 ,6251  

PLkASUKE DRIV ING 
117 ,065)  

8OATING 
111 ,1671  

F I S H  I NG 
I 4,6741 

CAMPING 
I 3 , 2 9 9 1  

GOLFING 
I 3.060)  

P I C N I C K I N G  
I 2 ,3841  

NATURE WALKING 
I 2 , 2 4 7 )  

S K I  I NG 
I 1 , 2 1 1 )  

H I K I N G  
I 1 , 0 2 7 )  

UATERSKI INL  
I 1,0231  

CANOtING 
I 5 8 8 1  

HUNT I N b  
I 1 8 9 1  

HOHSEBACR t I O I N G  -- 
BICYCLING -- 

188 ,797)  

Thus far ,  this chapter has presented a sum- 
mary description of the existing and anticipated 
future demand for recreational activity within the 
Milwaukee River watershed. This section is  
concerned with the conversion of the forecast 
recreational activity demand to land and water 
needs in order that a complete assessment of 
the future outdoor recreation capabilities of the 
watershed can be made and alternate solutions 
for meeting the demand can be set  forth, evalu- 
ated, and the best alternative recommended for 
implementation. In order to determine land and 
water needs for recreational purposes, partici- 

TOTAL 
YARTICIPANTS 

PLtASURE OR I V I N G  
1123 ,663)  

Ski IMMING 
I 119, 1 6 9 )  

SIGHTSEEING 
I 46 ,941)  

P I C N I C K I N G  
I 24.749)  

GClLFING 
( 22 ,294)  

BOATING 
I 17 .4771  

F I S H I N G  
I 16 ,144)  

B ICYCLING 
I 10,290)  

NATURE WALKING 
I 9,941)  

CAMPING 
I 4,338)  

HUNTING 
4,4061 

H I K I N G  
1 3 ,620)  

WArERSKIING 
2 ,9281  

S K I  LNG 
I 2 ,5251  

HORSEBACK R I D I N G  
I 1,458)  

CANOE ING 
I 1. 1 6 1 1  

( 4 1 l p 6 O 4 l  



pant demand for outdoor recreational activity 
must f irst  be converted to land and water area  
demand by the application of minimum area-use 
standards. Subtracting the total lands presently 
owned or  developed for land and water-based rec- 
reational activities from the results of this conver- 
sion will then provide a measure of the deficiencies 
of the presently available land and water area  and 
thus of total needs. In such an analysis, it must 
be recognized that certain recreational activities 
require intensively developed recreational sites, 
while others do not. Consequently, as  shown in 
Table 134, the 16 major outdoor recreational 
activities previously discussed in this chapter 
have been grouped into five classifications based 
on the types or  degree of si te development 
required in order to meet demands of participants 
in each activity. Only the activities in the f irst  
group actually require recreation sites per se. 
Activities in the other four groups can be partially 
accommodated on lands already being used for 
other public or  nonpublic uses. 

The five major outdoor recreational activities in 
the f irst  group-swimming, picnicking, golfing, 
camping, and skiing-require specific intensive 
site development. Areas to be devoted to these 
uses can be delineated and, therefore, readily 
separated from other recreational use areas. The 

lone activity in the second group-hunting-can 
generally be accommodated on lands in private 
ownership, such a s  agricultural land o r  other 
open space; on public wildlife areas; o r  private 
shooting preserves and game farms which do not 
require intensive development, providing such 
lands exist in at least the present amount and 
proportions. The four activities in Group Three- 
boating, fishing, water skiing, and canoeing- 
require extensive areas of surf ace waters , with 
the only intensive development required being boat 
or  canoe launching sites which can be included 
with other intensive water-based facility develop- 
ment. Unless the water surface areas in the 
watershed a re  increased appreciably, the existing 
and forecast heavy demand for water use activi- 
ties cannot be met within the watershed; and 
measures will have to be taken to limit use of the 
surface waters in order to protect the resource 
base. It is anticipated that participant demand for 
the three activities in the fourth group-hiking, 
nature walking, and horseback riding-can be  met 
through use of existing and future public recrea- 
tion and open-space lands, as  well as  of lands in 
nonpublic agricultural or other open-space uses. 
As indicated earlier, participation in the three 
activities in the fifth group-pleasure driving, 
sightseeing, and bicycling-can be accommodated 
for the most part on existing secondary highway 
rights-of-way. 

T A B L E  134 

SUGGESTED MINIMUM LAND AREA REPUIREMENTS~FOR MAJOR 
OUTDOOR R E C R E A T I O N A L  A C T I V I T Y  I N  T H E  MILWAUKEE R I V E R  WATERSHED 

I I I M I n l n u M  LANO AREA REQUIKEMENT PER PARTICIPANT I I MINIMUM L ~ N D  AREA REQUIREMENT PER PARTICIPANT PER DAY 

1 GROUP 2 - R E W I R E S  
EXTENSIVE  LAND 1 Y l l l N G  1 T H I S  A C T l V l l l  L A N  8 6  GENERALLY ACCOMMOOATEO ON E ITHER PRIVATE  OR P U 8 L I C  L L 1 0 S  N 1 1  NECESSARILY  ACQUIRE0 OR O E l E t P E O  FOR Y N l l N G  BUT ONLY I F  1 
OWNERSHIP. AOEQUITE FOOU. COVER. AN0 NATURIL  AREAS ARE M A I N I A I N L O .  

MAJOR 
RECREAILON 

GROUPS 

GROUP I -REQUIRES 
LAND OYNERSHIP 
AND I N T E N S I Y E  
DEVELOPMENT. 

GROUP 3-REOUIRES 
B O I T I N G  
F I S H I N G  THESE A C T L V l T l E S  REQUIRE  LARLE AREAS OF MbTER AND I N T E N S I V E  Y d l E R  MANAGEMENT. REQUlR tO  L I N O  l C C E S S  FOR BOA1 LAUNCHING AN0 I N C I D E N T A L  PARKINI.  

CAN BE ACCOMMOOLTEO I N  CONJUNCTION WITH  UTHER YAlERFROI1T R t C R E l T l O N  OR MULTI-USE DEVELOPMENT OR I N  SMALL I S O L A T E 0  TRACTS R k A O I L Y  I C C E S S I B L E  
WATER ACREAGE. 0 1  MOTOR VEHICLE  I N 0  S P E C I F I C  L l N O  AREA REQUIREMENTI+ 

CAYOEIYG 

H I K I N G  
GROUP +-REQUIRES THESE A C T l V l T l E S  CAN BE ACCOMHOOATED ON LAND bCQUIRE0  LNO DEVELOPED FOR OTHER MORE LNTEVSIVE  MlJOR R E C R E b l l O Y A L  A C T l V l l Y  OR ON POSTED P R I V A T E  
NO A D O l l l O N A L  EXTEN- N : E l z G  PROPERTY NOT S P E C I F I C A L L Y  OkVELOPEO FOR RECREATIONAL PURPOSES I N 0  S P E C I F I C  LAN0  6.64 REQUIREHENl3 -  
S I V E  L A N 0  OYNERSHIP HORSEBACK 
OR DEVELOPMENT. 

MAJOR 
A C T I V I T I  

SH IMMIYG 
P I C W I C L I Y G  
GOLF ING 
CAMPIHL  
S K I I N G  

'BASED ON LAN0  L C Q U I S I T I O N  AN0  DEVELOPMENT STLYOAROS DEVELOPED OR COMPILED B Y  THE WISCONSIN OEPARIMENT OF NLTURLL RESOURCES. 

'ARE& S P E C I F I C A L L I  DEVELOPED FOR THE MAJOR L C T I V I T I .  

'&RE& A U X I L I A R Y  TO THE MAJOR A C T I V L T I  HH ICH 1141 ACCOYMODLTE ONE OR ALL  OF THE OTHER 1 5  MAJOR P C T I V l l l E S .  AS YELL I S  MIYUR O t V t L O P M t N T  AN0 I N C I D t N T A L  OfVELOPWENl. SUCH AS PARKING. 

*THE NUMBER OF T IMES EACH 0 1 1  ONE S P E C I F I C  ARE& OF P R L ' C I Y A L  DEVELOPMENT I S  USED 0 1  l N D l V l D U & l  P A R l l C l P l N T S  I N  THAT L C T I V I T I .  

SOURCE- Y l S C O N S l N  OtPARTMENT OF YLTURLL AESOUPCES &NO SEWRPC. 

GROUP 5-REQUIRES 
NO RECREATION 
L A N 0  OWNERSHIP. 

O A I L I  
P A R T l C l P A N T  

IURNOVE~: 
RATESd 

3.0 
1.6 
3 - 0  
1.0 
3.0 

TOTAL ARE& 

PLEASURE 
D R l V L H L  

S IGHT-  
SEE ING 

B I C Y C L I N G  

SOUARE FEET  

5 8 8  
8 .712  

‘ 02 ,846  
58 .019  

6 .840  

THESE 4 L T l V L T l E S  CAN BE ICCOflHOOATEO ENT IRELY  W I T H I N  E X I S T I N G  P U B L I C  RIGHTS-OF-NAY BUT MAY LLSO BE ACCUMUOOATED ON RECYEATION LANDS LND 
PRIVATE LANDS I N 0  S P E C I F I C  LAND AREA REQUIREMENTI.  

ACRES 

0 .0135  
0 .2000  
0 .9836  
1.3333 
0.1111 

PR INCLP I \L  
DEVELOPMENT 

 AREA^ 

SQUARE FEET 

1 1 0  
8 1 1  

4 2 . 8 4 6  
2.905 
* .356 

BI\CKUP LAND OR 
SECONOARI DEVELOPMENT 

AIIE~' 

BACKUP LAND OR 
SECONOARV OEVtLOPMENT 

AREA 
TOTAL AREA 

ACRES 

0 .0021  
0 . 0 2 0 0  
0.9386 
0.0667 
0 .1000  

SOUARE FEET 

f.70 
7 .841  -- 

55 .113  
4 8 6  

P R I N C I P A L  
DEVELOPMENT 

AREA 

SQUIRE  FEE1  

1 5 7  

6 . 9 0 1  -- 
5 5 . 1 7 3  

1 6 1  

SQUARE F E E r  

I 9 6  
5 . L 4 5  

1 4 . 2 8 3  
5 8 . 0 7 9  

1.612 

ACRES 

0.0100 
0 . 1 8 0 0  -- 
1 .2666  
O.OL11 

SQUARE FEET 

3 9  
5G5 

L+.2B3 
2 .905  
1.+51 

ACRES 

0 . 0 0 3 6  

0.1125 .- 

1.2666 
0 . 0 0 3 1  

I C R E S  

0 .00L5  
0 .1250  
0.3279 
1 .3333  
0 .0370  

ACRES 

0.0009 
0.0125 
0 .3279  
0 .0667  
0 .0333  



Determination of Future Recreation Land Needs 
Specific standards in terms of acres of area for 
each activity can only be readily developed for the 
five major activities in the f irst  group. Demand 
for these five major activities i s  expressed in 
terms of participants per day. The first  step in 
determining total land area requirements to meet 
the expected demand for these five major activi- 
ties, therefore, i s  to convert area-use standards 
to area-participant requirements (see Table 134). 
This conversion i s  made by dividing total sug- 
gested minimum areas by the suggested maximum 
number of participants at any one time. Further 
dividing this area-participant figure by the daily 
participant turnover rate for each activity results 
in a minimum land area requirement per partici- 
pant per day. 

Application of the area per participant per day 
requirements to forecast 1990 participant demand 
for the five major outdoor recreational activi- 
ties results in a total 1990 land demand of 17,484 
acres to accommodate the anticipated recreational 
activity demand (see Table 135). Subtracting exist- 
ing land are a, including assignable open-space 
lands, as  allocated in Table 128, from 1990 land 
demand will result in a total of 10,842 acres of 
additional land area required to meet the expected 
1990 participant demand for each activity. The 
10,842 acres of additional land required to meet 
the 1990 participant demand for the five major 
outdoor recreational activities, plus the existing 
supply of 29,065 acres of outdoor recreation land 

(see Table 125), total 39,907 acres. This required 
increase in land by 1990 represents an increase of 
37 percent in total lands devoted to outdoor rec- 
reation in the watershed. 

MEETING THE 1990 OUTDOOR 
RECREATION LAND DEMAND 

It has been noted that intensive pressure i s  being, 
and will continue to be, exerted on the outdoor 
recreation resources of the Milwaukee River 
watershed by increased demand for both water- 
based and land-based activities. It has been shown 
that the use of certain recreational facilities has 
already reached critical levels, and expected 
additional use will tend to destroy the available 
resources through overuse. 

This situation may be overcome without damage 
to the natural resource base of the watershed in 
most cases by the acquisition and development of 
additional lands for recreational use. The pri- 
mary recreation resource base of the watershed, 
which must supply the majority of recreational 
opportunities, i s  encompassed in the primary 
environmental corridors of the watershed. As 
indicated in Chapter XI11 of this volume, these 
primary environmental corridors encompass most 
of the surface water areas and best potential park 
and related open-space sites remaining in the 
watershed. Only isolated potential park sites and 
minor surface water areas important to future 
recreational development are  found outside the 
corridor areas. 

TABLE 135 

E X I S T I N G  ANO R E Q U I R E D  LAND FOR OUTDOOR R E C R E A T I O N  A C T I V I T I E S  
I N  THE MILWAUKEE R I V E R  WATERSHED BY A C T I V I T Y -  1967 AND 1990 

S W I M M I N G  
P I C N I C K I N G  
G O L F I N G  
CAMPING 
S K I I N G  

A C T I V I T Y  

1 SUBTOTAL 

TOTAL 1 9 9 0  
PARTICIPANT OEMANO' 

( P A R T I C I P A N T S )  

'COES NOT I N C L U D E  W I L D L I F E  AREAS OR UNUSEC ( D E V E L O P A B L E 1  ACREAGE. 

C T h E R  R E C R E A T I O N A L  
A C T I V I T I E S '  

TOTAL 

d ~ ~ ~ ~ C ~ ~ ~  NEEOS FOR OTHER R E C R E A T I O N A L  LANDS I S  I N C L U D E D  W I T H  MAJOR A C T I V I T Y  NEECS. I T  I S  ASSUMED THAT THE FORECAST DEMAND 
FOR T H E  F I V E  MAJOR A C T I V I T I E S  W I L L  MEET ACREAGE NEEDS FCR ALL OTHER A C T I V I T I E S .  

SOURCE- W I S C O N S I N  DEPARTMENT O F  NATURAL RESOURCES AND SEWRPC. 

TOTAL 1 9 9 0  
LAND NEEDS 

I A C R E S I  

r I N I r u r  LAND 
R E Q U l  REMENT PER 

P A R T I C I P A ~ T  PER  DAY^ 
( A C R E S )  

"ON AN AVERAGE SEASONAL SUNDAY. 

-- 

1 7 3 . 5 7 5  

TOTAL 1 9 9 0  
L A N D  DEMANC 

( A C R E S 1  

TOTAL E X I S T I N G  1 9 6 7  
RECREATIONAL LAND 

( A C R E S )  

-- 
-- 

5 . 6 1 9  

l Z t Z 6 l  

5 . 6 1 9  

2 3 . 1 0 3  

--d 

1 0 . 8 4 2  



The major lakes and rivers of the watershed form 
the basic framework of the corridor areas within 
the watershed, and these surface waters offer the 
best development potential for  meeting the water 
acreage needs generated by rapidly increasing 
participation in water-based recreational activi- 
ties. As previously indicated, recreational use of 
the surface waters in the watershed has reached 
a critical level. In fact, based on existing demand 
and applying the Wisconsin Department of Natural 
Resources suggested minimum water use stand- 
ards  of five acres per user,  the surface water 
area within the watershed is already inadequate to 
accommodate properly the demand. Additional 
water access areas can be provided for improved 
public access to the water for swimming, fishing, 
boating, water skiing, and canoeing. The only 
means of securing additional water surface area 
in the watershed is to create such areas through 
the construction of artificial impoundments. The 
alternative to providing such impoundments is to 
lower water use standards to allow more inten- 
sive use and thereby risk damage to the resource 
base, a s  well a s  creating hazards to public health 
and safety. 

The numerous small streams, ponds, and wetlands 
within the watershed, although not well suited 
to use for water-based recreational activities, 
nevertheless constitute a valuable recreational 
asset. Many of these areas a re  also included 
within the primary environmental corridors and 
provide the watershed with good water retention 
areas. These wetlands, ponds, and streams also 
provide areas of suitable habitat for fish, water- 
fowl, and other forms of wildlife. The inclusion 
and preservation of these unique areas within the 
corridors will be an important contribution to 
the total recreational potential of the watershed. 
Their value a s  scenic natural areas  ranks high 
and will be a major factor in providing the desira- 
ble areas  sought by the hiking, pleasure driving, 
sightseeing, and nature enthusiasts who enjoy this 
type of recreation environment. 

Although surface water is in short supply consid- 
ering forecast demand, prime potential recreation 
land i s  still in relative abundant supply throughout 
the watershed. That i s  to say that lands are  still 
available in the watershed which have recreational 
potential, a re  not now used for either public o r  
nonpublic recreational purposes, and have not yet 
been developed for urban purposes. As indicated 
in Chapter IV of this volume, there a re  a total of 

131 potential park sites within the watershed, 
encompassing a total area  of 21,935 acres. Of 
this total, 14,467 acres,  or  about 67 percent, a r e  
located within the primary environmental cor- 
ridors, and 7,468 acres, or about 33 percent of 
the total, a re  included in potential park sites 
within the watershed but located outside the pri- 
mary environmental corridors. 

Of the 131 high-value potential sites within the 
watershed, two were recommended a s  new regional 
recreation areas in the adopted 1990 regional 
land use plan. These sites include the Lucas 
Lake site in Washington County and the Fre- 
donia site in Ozaukee County. The remaining 
high-value potential park sites offer the best 
areas for development of additional multi-use out- 
door recreation centers. Ozaukee and Washington 
Counties lead in the number of high-value poten- 
tial park sites in the watershed, with 20 and 26, 
respectively, and in the total number of acres 
available, with 4,582 acres and 6,096 acres, 
respectively. The high-value sites total 12,786 
acres, or  about 58 percent of all potential park 
acreage. Many of these park facilities can be 
connected within the framework of the primary 
environmental corridors, thereby developing an 
integrated framework of regionwide outdoor rec- 
reation and open-space lands. 

The medium-value sites include 5,451 acres, or  
about 25 percent of the land available for potential 
recreational development. These sites can pro- 
vide many of the local o r  specialized recreational 
facilities. One- o r  two-use facilities, such as  
those which combine picnic areas with a boat 
launch area  and a campground with hiking trails, 
a re  examples of the types of development possible 
to meet the needs at  these scattered smaller 
potential park sites. 

The remaining 38 potential park sites, totaling 
3,698 acres, a re  low-value sites. Some of these 
may be suitable for development of highly spe- 
cialized recreation areas under certain conditions, 
but usually they a r e  hampered by poor soil condi- 
tions or locational disadvantages which limit the 
number of development choices. Locally, these 
sites may be significant as  picnic areas, natural 
areas,  o r  small wayside park facilities. Limited 
in size and development choice, their main con- 
tribution to meeting the recreation needs will be 
in the form of the specialized single-purpose 
recreational areas. 



While not all potential park land is suited for 
every type of outdoor recreation development, 
land with some of the highest multiple-purpose 
recreational use potential i s  found in the water- 
shed in areas such as  Kettle Moraine, in areas 
adjacent to the main channel of the Milwaukee 
River, and in areas adjacent to the many lakes in 
the watershed. In addition, two Ice Age preserves 
have been delineated within the watershed. One 
is northwest of Campbellsport, in Fond du Lac 
County, encompassing approximately 3,600 acres 
of excellent drumlins and oval hills that generally 
aim in the direction of the moving ice field. The 
other is a 15,000-acre portion of the Kettle 
Moraine Northern Unit, which displays some fine 
eskers (long sinuous ridges of deposits left by 
glacial streams), kames, and kettle lakes. 

The primary environmental corridor areas,  it 
should be noted, include not only the surface water 
areas  of the watershed but also encompass the 
areas of significant topographic and geologic fea- 
tures,  prime woodlands, prime wildlife habitat 
areas,  and significant wetland areas. All of these 
features, when combined, not only provide apleas- 
ing view to the driving and walking public, but, as  
already mentioned, include areas of significant 
value as  potential park areas to be developed for 
more intensive outdoor recreational use. 

SUMMARY 

Rapid population increase and urbanization, com- 
bined with rising income levels, are generating 
a rapidly increasing demand for outdoor recrea- 
tion in southeastern Wisconsin. This demand i s  
further intensified by the close proximity of the 
Southeastern Wisconsin Region, with its nearly 
1.8 million urban residents, to the northeastern 
Illinois metropolitan region, with i ts  nearly 7 mil- 
lion urban residents, many of whom seek out- 
door recreational opportunities in southeastern 
Wisconsin. The Milwaukee River watershed, with 
its many streams and lakes, varied topography, 
woodlands, wetlands, and wildlife habitat areas 
comprising a recreational resource and its close 
proximity to the Chicago, as well as to the .Keno- 
sha, Milwaukee, and Racine, urbanized areas,  
serves to increase i ts  potential recreational value. 
Forecasts indicate that over 12.2 million people 
may be expected to reside within the southeastern 
Wisconsin and northeastern Illinois metropolitan 
regions by 1990 and contribute to the increasingly 
intensive pressures being exerted on the limited 
recreational resource base of the watershed. 

There a re  presently 186 public and nonpublic rec- 
reational sites located within the Milwaukee River 
watershed, encompassing a total area of 29,065 
acres,  o r  approximately 6 percent of the total 
water shed area. Publicly owned or  controlled 
lands account for about 86 percent of the total 
acreage of existing recreation and related open- 
space sites within the watershed, with the re-  
maining 14 percent being in private ownership. 

A more detailed analysis of site activities, how- 
ever,  indicates that only 38 percent of the publicly 
controlled recreational lands within the watershed 
are  available for the 16 major water- and land- 
based recreational activities and that wildlife 
areas which must be maintained in their natural 
state comprise over 81 percent of this area. Con- 
sequently, only 1,620 acres,  o r  approximately 
14 percent of the total publicly controlled recrea- 
tional lands within the watershed, a re  available 
for all other major recreational activities. 

Lands providing access to surface waters for 
water-based recreational activities, comprising 
over 47 percent of the total outdoor recreational 
demand, account for less than 1 percent of the 
total publicly owned recreational area within the 
watershed; and of this, 50 percent i s  owned and 
operated by local units of government. Water sur- 
face area within the watershed is already severely 
limited when related to the existing demand for 
water-based recreational activities. Lake and 
stream surface area in the watershed totals 
approximately 6,800 acres,  o r  less than 1.5 per- 
cent of the total area of the watershed, of which 
approximately 3,055 acres, o r  about 45 percent, 
a re  available for swimming, provided that water 
quality levels suitable for full-body-contact rec- 
reation can be maintained; and 3,745 acres a re  
available for all other water-based recreation 
uses. Of the total participation demand of 21,159 
participants on an average seasonal Sunday, and 
with an average turnover rate of 3, only 1.0 acre 
of available lake and stream surface area can be 
allotted to each participant for water-based rec- 
reational activities other than swimming, far  
below the recommended standard of five acres 
per participant necessary to achieve good water 
resource management. 

It i s  particularly important to note that only 
13 percent of the total demand for water-based 
recreational activities within the watershed i s  
generated by out-of-state users, while approxi- 
mately 33 percent i s  generated from within the 



State of Wisconsin but outside the watershed. 
The remaining 53 percent i s  generated within 
the watershed. 

Although the total outdoor recreation land acreage 
in the watershed appears to be large, the propor- 
tion developed for land-based outdoor recreational 
activities i s  inadequate to meet the increasing 
demand for such activities. Of the total 13,772 
acres of land devoted to land-based recreational 
activities, less than 29 percent i s  developed for 
active use; and 41 percent, o r  1,620 acres of this 
developed land, a r e  in public ownership. Possibly 
a limited acreage of the wildlife areas, comprising 
58 percent of the total state ownership of outdoor 
recreation lands in the watershed, can be devel- 
oped for the recreation uses other than those for 
which the lands were acquired. 

Forecasts indicate that the participant demand 
for water-based outdoor recreational activities 
in the watershed may be expected to increase 
from 65,000 to 157,000 participants on an average 
seasonal Sunday by 1990, more than doubling. 
Swimming, fishing, and boating may be expected to 
constitute the most popular water-based recrea- 
tional activities. Land-based participant demand 
for major recreational activities within the water- 
shed may be expected to increase from 145,000 to 
255,000 participants per average seasonal Sunday, 
almost doubling in numbers. Pleasure driving and 
sightseeing may be expected to remain the most 
popular land-based recreational activity, along 
with picnicking. These forecasts indicate that an 
additional 10,842 acres of land will have to be 
devoted to recreational use within the watershed, 
an increase of 37 percent over the present recrea- 
tion area. 

Three measures must be taken to assure that land 
having a high recreational potential will remain 
available within the watershed to meet the growing 
recreational demand: 

1. Protection of the quality of the existing rec- 
reational resource base should be assured 
through the application of sound county 
and local land use control and develop- 
ment practices, ground and surface water 
quality management programs, application 
of sound soil and water conservation prac- 
tices, and adherence to adequate minimum 
recreational land and water use standards. 

2. Immediate public acquisition of the best 
remaining high-value recreational sites 
within the watershed having potential for 
multi-use development and thereby capable 
of serving large segments of the average 
seasonal Sunday participant demand should 
be accomplished. 

A more judicious allocation of the available 
financial resources at the state, county, and 
local levels to the acquisition and develop- 
ment of public recreational areas which 
can facilitate one o r  more of the five major 
outdoor recreational activities requiring 
intensive land development, and particu- 
larly to those recreational areas offering 
the possibility of year-round multi-use, 
should be effected. 

The demand for water-based activities other than 
swimming has already reached critical levels. 
With a participant demand of 21,159 for water- 
based activities other than swimming on an aver- 
age seasonal Sunday, only about 0.3 acre of 
available lake and stream surface area  can be 
allotted for each participant, far  below the lake 
and stream water use standardof 5 acres per par- 
ticipant recommended for good water resource 
management by the Wisconsin Department of Nat- 
ural  Resources. It is clear that two alternatives 
exist with respect to meeting the future demand 
for such water-based activities, namely: 1) the 
creation of artificial impoundments to increase 
the supply of surface water available to meet the 
demand and 2) the limiting of the use of existing 
surface water area through the imposition of con- 
trols on water-based activities. 

Although the participant demand for land-based 
outdoor recreational activities within the water- 
shed may be expected to increase at an unprece- 
dented rate, there remain sufficient potential park 
and outdoor recreation sites available to meet the 
expected 1990 land-based activity demand. In the 
absence of a sound resource management pro- 
gram, however, uncontrolled urbanization may 
encroach into, and destroy many of, the areas 
having a high potential for future recreation use. 
It is imperative, therefore, that all levels of 
government act to ensure that the future demand 
for land-based outdoor recreational activities in 
the watershed can be met, both by protecting the 
quality of the recreational resource base and by 
acquiring for future use the best remaining rec- 
reation sites. 
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Chapter XV 

WATER LAW 

INTRODUCTION 

In any sound planning and engineering effort, it i s  
necessary to investigate the legal, a s  well as  the 
physical and economic, factors affecting the prob- 
lem under consideration. In comprehensive water- 
shed planning, the law can be a s  important as  the 
hydrology of the basin o r  the costs and benefits of 
proposed water control facilities in determining 
the ultimate feasibility of a given watershed plan. 
If the legal constraints bearing on the planning 
problem are  ignored during plan formulation, 
serious obstacles may be encountered during plan 
implementation. This is particularly true in the 
area  of water resources. 

Water constitutes one of the most important natu- 
ra l  resources. It is not only essential to many of 
the most important economic activities of man but 
i s  also essential to life itself. The available quan- 
tity and quality of this important resource are ,  
therefore, among the most vital concerns of a host 
of interest groups representing agriculture, com- 
merce, manufacturing, conservation, and govern- 
ment. Not only a r e  rights to the availability and 
use of water of vital concern to a broad spectrum 
of public and private interest groups, but the 
body of law regulating these rights is fa r  from 
simple o r  static. Moreover, changes in this com- 
plex, dynamic body of law will take place even 
more rapidly as  pressure on regional, state, and 
national water resources becomes more intense. 

so r  J. H. Beuscher of the University of Wisconsin 
Law School and included an inventory of the exist- 
ing powers and responsibilities of the various 
levels and agencies of government involved in 
water resources management, a s  well a s  of the 
structure of public and private water rights, which 
must necessarily be considered in the formulation 
of a comprehensive watershed plan. 

The findings of this legal study have been fully 
set  forth in SEWRPC Technical Report No. 2, 
Water Law in Southeastern Wisconsin, published 
in January 1966. This chapter consists of a sum- 
mary presentation of this more detailed technical 
report, with appropriate modifications to reflect 
new developments that have taken place in the 
area of water law in Wisconsin since the com- 
prehensive legal study was completed? The major 
purpose of this chapter i s  to summarize the 
salient legal factors bearing on the water-related 
problems of the Milwaukee River watershed and 
on plans for  their solution, thereby laying the 
basis for intelligent future action. It does not, 
however, dispense with the need for continuing 
legal study with respect to water law, since this 
aspect of the overall watershed planning effort 
becomes increasingly important a s  plan proposals 
reach the imp!ementation phase. 

Attention in this chapter i s  f irst  focused upon 
those aspects of water law generally applicable 
to the planning and management of the water 

To provide the basis for a careful analysis of 
existing water law in southeastern Wisconsin, 
a survey of the legal framework of public and 
private water rights affecting water resources 
management, planning, and engineering was under- 
taken as  one of the important work elements of 
the f irst  comprehensive watershed planning pro- 
gram in the Southeastern Wisconsin Region, that 
fo r  the Root River watershed.' This survey was 
carried out under the direction of the late Profes- 

2 ~ n  August 1966 the Wisconsin Legislature enacted Chapter 
614, Laws of Wisconsin 1965, which dealt broadly with the 
state's water resources. Included in this Act were provisions 
transferring the water quality functions of the State Board 
of Health and the Committee on Water Pollution and the water 
regulatory functions of the Public Service Commission to a 
reconstituted Department of Resource Development. Subse- 
quent legislation transferred the Department of Resource 
Development to a newly created Department of Natural Re- 
sources and made it a Division therein. Further reorganiza- 
tion of the Department of Natural Resources consolidated 

1 
A companion survey of existing planning law in southeastern 
Wisconsin was conducted by the Commission and the findings 

published in SEWRPC Technical Report No. 6, Planning Law 
in Southeastern Wisconsin, October 1966. 

the water resource function in a newly created Division of 
Environmental Protection. Chapter 614, Laws of Wisconsin 
1965, also abolished the Committee on Water Pollution. All - 
of these actions have important effects upon, and implications 
for, the legal framework within which water resources plan- 
ning and management must be carried out in Wisconsin. 



resources of any watershed in southeastern Wis- 
consin. This is followed by more detailed consid- 
eration of certain important aspects of water law 
relating more specifically to the problems of the 
Milwaukee River watershed, including floodland 
and shoreland regulation, water pollution control, 
and water control facility construction. 

GENERAL SUMMARY O F  WATER LAW 

Classifications of Water and 
Divisions of Water Law 
In dealing with water regulation, the Wisconsin 
Supreme Court and the State Legislature have 
recognized the following five distinct legal classi-  
fications of water: 

1. Surface water in natural watercourses- 
defined a s  water occurring o r  flowing in 
natural r ivers ,  s t reams,  lakes, and ponds, 
the limits of which a r e  generally marked 
by banks o r  natural levees. 

2. Diffused surface water-defined a s  water 
f rom falling rain o r  melting snow which 
i s  diffused over  the ground and which 
occurs  o r  flows in places other than natu- 
r a l  watercourses; that i s ,  not confined 
by banks. 

3. Ground water in underground streams- 
defined a s  water occurring o r  flowing in 
a well-defined underground channel, the 
course of which can be distinctly traced. 
It is doubtful that such identifiable under- 
ground channels exist within the watershed 
o r ,  indeed, within the Region. 

4. Percolating ground water-defined a s  water 
which seeps, f i l ters ,  o r  percolates through 
underground porous s t ra ta  of ear th o r  
rock but without confinement to a definite 
c hanne 1. 

5. Springs-defined a s  the natural discharge 
points for  ground water from either an 
underground s t ream o r  percolating water. 

Based in part on these definitions, three principal 
divisions of water law can be identified. These 
a re :  riparian law, ground water law, and diffused 
surface water law. Riparian law applies to the 
use of surface water occurring in natural r ivers ,  
s t reams,  lakes, and ponds. This law has been 
evolved largely by the courts,  case by case ,  a s  

a matter  of common law. Important here also a r e  
both court-made law and legislation defining public 
rights in those watercourses which a r e  navigable. 
Ground water law applies to the use of water 
occurring in the saturated zone below the water 
table. Diffused surface water law applies to flood- 
water draining over the surface of the land. This 
law in Wisconsin relates  not to water use but to 
conflicts that a r i se  in trying to dispose of this 
surface water. Ground water and diffused surface 
water law have both evolved largely by court 
interpretation a s  common law. 

The Wisconsin Supreme Court has developed many 
of the legal rules  covering all three of these divi- 
sions of water law, case by case,  over  a long 
period of time. In addition, the State Legislature 
has, f rom time to time, enacted statutes affecting 
some of these divisions. Reference must also be 
made to the important body of administrative law 
made by state agencies in the day-to-day adminis- 
tration of s tate  water statutes. Examples a r e  
statutes governing the issuance of permits by the 
Wisconsin Department of Natural Resources for  
irrigation and mining purposes; for  hydroelectric 
power and other dams;  for  the fixing of bulkhead 
lines; and fo r  the construction of bridges, piers ,  
docks, and other shoreline improvements along 
navigable watercourses. The Wisconsin Depart- 
ment of Natural Resources is also authorized to 
fix levels for  navigable lakes and flow ra tes  for  
navigable s treams.  

Rights to the Use of Water inNatura1 Watercourses 
Rights in water may be designated a s  private and 
public. Industrial cooling, irrigation, and power 
generation a r e  examples of private rights,  while 
fishing, boating, and swimming a r e  examples of 
public rights. I t  is essential,  however, to recog- 
nize that private and public rights to use water 
a r e  interrelated and that, while these labels may 
be convenient for  classification purposes, they 
tend to encourage oversimplification. In certain 
circumstances, i t  may be more in the public 
interest  to promote a private use even though the 
conventional public rights a r e  consequently lim- 
ited. Conflicts may also a r i s e  among various seg- 
ments of the public regarding which of the public 
rights i s  paramount, particularly where the exer-  
cise of one public right may seriously affect the 
possibility of exercising another. 

Riparian Rights: The riparian doctrine, which in 
Wisconsin forms the primary basis  of the law gov- 
erning the use of surface water in natural water- 



courses, provides that owners of lands that adjoin 
a natural watercourse have rights to co-share 
in the use of the water so long a s  each riparian 
is reasonable in his use. Obviously, the defini- 
tions of the terms "reasonable" and "natural 
watercourseT' a re  critical to the application of 
riparian law. 

Natural Watercourses : The Wisconsin Supreme 
Court requires that, in order to constitute a natu- 
ra l  watercourse, there must be: 

. . . a stream usually flowing in a particu- 
lar  direction, though i t  need not flow con- 
tinually. It may sometimes be dry. It 
must flow in a definite channel, having 
a bed, sides, o r  banks, and usually dis- 
charges itself into some other stream o r  
body of water.3 

Although riparian rights a re  sometimes conceived 
to attach to artificial watercourses, usually they 
a r e  restricted to watercourses which a re  natural 
in origin. The term watercourse comprehends 
springs, lakes, o r  marshes in which the stream 
originates o r  throughwhich i t  flows. Natural lakes 
o r  ponds which a re  not a part of a stream system 
are ,  nevertheless, waters to which riparian rights 
also attach. Clearly, the Milwaukee River and i t s  
major tributaries meet the definitional require- 
ments of a watercourse; and riparian law applies. 
The same body of doctrine also applies to natu- 
r a l  lakes and ponds within the Milwaukee River 
watershed. 

Natural Flow and Reasonable Use: With respect 
to the relative rights of riparian landowners along 
a watercourse, there i s  language in Wisconsin 
cases,  still relied on by sportsmen, to the effect 
that a riparian owner i s  entitled to have a water- 
course flow through his land without material 
diminution o r  alteration-the so-called "natural 
flow" doctrine. Strict application of such a rule 
would preclude effective use of the water for other 
than domestic needs. 

3 ~ o y t  v. City of Hudson, 27 Wis. 656 (1871). A lengthy d 4 -  
nition distinguishing watercourse from diffused surface water 
is contained in ~ r j e r  v. war& 29  is. 511 (1872). The 
Wisconsin Court has held that the existence of a watercourse 
is a question of fact for the jury. Eulrich v. Richter, 37 
Wis. 226 (1875). In an equity case, the question of fact would 
be for the court. 

In those cases in which the Wisconsin Court used 
"natural flowT' language, however, the court was 
merely indulging in preliminary observations, for 
in each such case the language i s  subsequently 
modified o r  limited and the "reasonable use" rule 
applied to the particular situation presented. It i s ,  
therefore, an abstract statement to say that in 
Wisconsin riparian owners are  entitled to the con- 
tinuous full and natural flow of a watercourse, for  
in the words of the Wisconsin Supreme Court: 

To say, therefore, that there can be no 
obstruction o r  impediment whatsoever by 
the riparian owner in the use of the 
stream o r  i ts  banks, would be in many 
cases to deny all valuable enjoyment of 
his property so situated. There may be, 
and there must be, allowed of that which 
is common to all a reasonable use.' 

Thus, in Wisconsin the reasonable use doctrine 
qualifies the strict right to the natural flow of 
a stream o r  the natural level of a lake. This use 
right is not a right in the sense that a riparian 
proprietor owns the water running by, o r  over, 
his land. It is a right called '~usufructuary" in that 
the riparian may make a reasonable use of the 
water as  it moves past. 

The term "reasonable use" implies that a ques- 
tion of fact must be resolved in each case, and the 
Wisconsin Court has recognized the concept a s  
a flexible one in conceding that no rule can be 
stated to cover all possible eventualities. The 
court has said, in determining what is a reason- 
able use, that: 

Regard must be had to the subject matter 
of the use, the occasion and manner of 
i ts  application, i ts  object, extent and the 
necessity for i t ,  to the previous usage, 
and to the nature and condition of the 
improvements upon the stream; and so 
also the size of the stream, the fall of 
the water, its volume, velocity and pro- 
spective r i se  and fall, a re  important ele- 
ments to be ~ o n s i d e r e d . ~  

Thus, i t  may be concluded that a user's utilization 
of water must be reasonable under all the cir-  

4 ~ .  C. Conn Co. v. Little Suamico Lumber Mfg. Co., 74 
Wis. 652, 43 N. W. 660 (1889). 

'Timm v. Bear. 29 Wis. 254 (1871). 



cumstances; and he may meet this test despite 
substantial interference with the natural flow of 
a watercourse, for  i t  is recognized that any rule  
preventing all ,  o r  almost all ,  interference with 
the flow would needlessly deprive riparian pro- 
pr ietors  of much of the value of the s t ream and 
prevent i t s  utilization for  any beneficial pur- 
pose. In this respect,  i t  should be recognized that, 
wherever the Department of Natural Resources, at 
the request of one o r  more riparians and after 
notice and hearing, fixes the level of a lake o r  
grants a permit for  the construction o r  enlarge- 
ment of a dam o r  pier ,  other r i p r i a n s  will ~ r o b a -  
bly have a difficult time establishing that the 
permitted uses a r e  unreasonable. A permit to 
i r r igate  imposes a s imilar  burden of proof upon 
co-riparians who may later  complain of unreason- 
able use. In addition, a water user  may acquire 
a f i rm  right to a specific quantity of water by 
adverse use (prescription) over a period of time, 
usually 20 years ,  o r  by contractwith co-riparians. 

Under Sections 30.03 and 30.19 of the Wisconsin 
Statutes, the construction o r  enlargement of any 
artificial waterway i s  prohibited without the per- 
mission of the Wisconsin Department of Natural 
Resources where the purpose of such enlargement 
is an ultimate connection with an existing navi- 
gable s t ream o r  lake o r  where any part of such 
artificial waterway is located within 500 feet of 
the ordinary high water mark of an existing navi- 
gable s t ream o r  lake. Authorization is required 
not only for  the construction of an artificial 
waterway within 500 feet of navigable waters but 
also for  the connection of any waterway with 
an existing body of navigable water and for  the 
removal of topsoil from the banks of navigable 
s t reams and lakes. Public highway construction, 
improvements related to agricultural uses of 
land, and improvements within counties having 
a population in excess of 500,000 a r e  excepted 
from these provisions and thus do not require 
permission from the Wisconsin Department of 
Natural Resources. 

Lands Affected by Riparian Law: The Wiscon- 
sin Supreme Court has never defined the t e rm 
"riparian land" with precision. It is clear ,  how- 
ever ,  that, to be riparian, land must adjoin the 
watercourse; and probably i t  must lie within the 
watershed of that watercourse. It  i s  also held in 
Wisconsin that riparian rights res t  upon ownership 
of the bank o r  shore in lateral contact with the 
water,  not upon title to the soil under the water. 

The Wisconsin Department of Natural Resources, 
in administering the issuance of permits  to i r r i -  
gators pursuant to Section 30.18 of the Wisconsin 
S t a t ~ t e s , ~  has limited riparian land to that land 
bordering a lake o r  s t ream which has been in one 
ownership in an uninterrupted chain of title f rom 
the original government patent. This i s  s imilar  to 
the so-called "source of title" test. Under i t ,  the 
conveyance by "A" of a back parcel of his riparian 
land to 'B" renders  the transferred parcel non- 
riparian unless the deed provides otherwise; and 
i t  remains so even though "A" subsequently repur-  
chases it. Presumably, also, if llB," having f i r s t  
purchased the back parcel,  la ter  also buys the 
t ract  touching the water,  the back parcel continues 
non-riparian. Thus, a riparian cannot assemble 
non-riparian land and make i t  riparian. A non- 
riparian cannot convert his land to riparian status 
by buying a riparian tract. Under this rule there 
is a continual dwindling of riparian land. 

Non-Riparian Use: Non-riparian use occurs  when 
a r iparian uses an excessive quantity of water 
beyond his reasonable co-share; when a riparian 
uses  water on non-riparian land which he owns o r  
controls; o r  when a non-riparian takes water f rom 
a watercourse, usually with permission o r  by 
grant from a riparian, for  use on non-riparian 
land. The latter situation deserves particular 
attention since, a s  a practical matter,  problems 
of this sor t  a r e  apt to a r i se  in  the Milwaukee 
River watershed because of possible withdrawals 
for  municipal, irrigation, o r  industrial use. 

In this respect,  i t  is not known whether the Wis- 
consin Court would t reat  municipal use from 
a natural watercourse a s  a special case. Sur- 
prisingly, most s tates  that have spoken on the 
subject refuse to do so. They treat  a municipal 
water utility a s  just another water user  and point 
with disapproval to the distribution of water to 
non-riparian customers of the utility. The courts 
insis t  that, if downstream riparians a r e  hurt by 
the municipal diversion, the utility must acquire 
by eminent domain o r  otherwise the requisite 
downstream rights. 

6The issuance of irrigation permits formerly was adminis- 
tered by the Wisconsin Public Service commission. The 
Wisconsin Legislature transferred this function to the now 
Department of Natural Resources in Chapter 614, Laws of 
Wisconsin 1965. 



The irrigator who wants to use water from 
a stream must obtain a permit under the Wis- 
consin irrigation permit law, Section 30.18 of 
the Wisconsin Statutes. He must limit his irriga- 
tion to riparian and contiguous lands. Permits 
a re  not required of commercial o r  industrial 
water users as  a precondition to withdrawal from 
a watercourse. Whether such users can use water 
o r  non-riparian land i s  an unresolved question, 
although the court in Munninghoff v. Wisconsin 
Conservation Commission has said: 

It is not within the power of the state to 
deprive the owner of submerged land of 
the right to make use of the water which 
passes over his land, o r  to grant the use 
of i t  to a non- r i~a r ian .~  

The Wisconsin Attorney General has stated that: 

Previous decisions in other states have 
held that a riparian owner could make 
any reasonable use of the water even on 
non-riparian land providing there was no 
unreasonable diminishment of the current 
and no actual injury to the present o r  
potential enjoyment of the property of the 
lower riparian owner.8. 

Public Rights in Navigable Water: When a riparian 
uses navigable water, his uses may impinge upon 
public rights in the water. Private water uses 
are  often completely consistent with the exercise 
of public rights in navigable streams and lakes, 
but serious conflicts may arise between private 
riparians and those seeking to exercise public use 
of a given watercourse. In that event, in Wiscon- 
sin the public rights will likely prevail. This does 
not mean that private riparian rights may in every 
case be taken o r  substantially abridged without 
compensation, for i t  has long been recognized that 
such rights a re  property rights which cannot be 
"takent1 for a public purpose without compensation. 

The Wisconsin Court might, however, treat the 
riparian's private property right a s  "inherently 
limited1' by public rights in the water. The court 
might say that this limitation existed at the time 
the riparian acquired his private right and that he 
took title subject to the limitation. This line of 

7255 Wis. 252, 38 N. W. 2d 712 (1949). 

'39 Op. Arty. Gen. 654 (1950). 

reasoning would permit a holding that compensa- 
tion need not be paid even though public uses 
substantially impair private uses. 

One of the important riparian rights attaching to 
lands bordering navigable lakes and streams is 
the right of access to water. It  is recognized in 
Wisconsin that a riparian has a right of access 
from the front of his land to the navigable part of 
the stream o r  lake and the right to build a pier, 
subject only to legislative control and the test 
of reason. 

Test of Navigability: In order for public rights 
to attach, the water must be navigable. The Wis- 
consin Court's test of navigability has moved from 
one of commercial transport only to include suita- 
bility for recreational boating. Earlier the ques- 
tion was whether the stream o r  lake could be used 
to float products of the country to market for 
a significant period during the year. The principal 
product floated to market in those days was the 
sawlog, hence the so-called "sawlog" test of navi- 
gability. More recently, in 1952 the Wisconsin 
Court said: 

Any stream is "navigable in fact1' which 
is capable of floating any boat, skiff, o r  
canoes of the shallowest draft used for 
recreation purposes? 

In order to qualify a s  navigable, the stream, pond, 
o r  lake clearly does not have to be capable of 
floating a product to market o r  of floating a boat, 
skiff, o r  canoe every day of the year o r  every rod 
of i t s  length o r  surface area. The Wisconsin 
Court, however, has not ruled on the length of 
time needed to establish navigability. By the rec- 
reational boating test, most natural ponds and 
lakes are navigable; and streams of even modest 
size may be navigable. Clearly the Milwaukee 
River and i ts  principal tributaries are  navigable 
by this test." 

Ownership of the Land Underlying a Water' Body 
Determination of ownership of a stream o r  lake 
bed may have important consequences. If the bed 
i s  privately owned, removal of material from the 
bed may be authorized by the owner so long a s  
there is no interference with the exercise of pos- 

9 Muench v. Public Service Comm., 261 Wis. 492, 53 N. W. 
2d 514 (1952). 

l o  Wisconsin Statutes 144.01(1). 



sible public rights to use the water and provided 
a permit is obtained from the Wisconsin Depart- 
ment of Natural Resources." If the bed i s  publicly 
owned, removal can only be with permission of, 
and payment to, the state. 

Wisconsin holds that the beds of s t reams,  whether 
navigable o r  non-navigable, belong to the owners 
of the adjacent shorelands, always subject, how- 
ever ,  to the overriding public servitude of navi- 
gation and other public rights that adhere to navi- 
gable water. Private proprietors whose lands 
make lateral contact with the waters of a s tream 
own the bed to themiddle o r  thread of that s t ream,  
regardless of whether the s tream i s  navigable o r  
not. The bed owner is in a position comparable 
to a landowner whose land is subject to a public 
highway easement. 

Beds of natural navigable lakes a re  owned by the 
state in t rust  for  all  of the people. A private 
proprietor whose lands abut the waters of a natu- 
r a l  lake has no claim to any portion of the bed. 
The ownership of beds underlying man-made lakes 
o r  reservoi rs ,  caused by damming a s tream o r  
otherwise impounding a natural flow of water, 
remains in the hands of abutting landowners. 
Where the s t ream was navigable before i t  was 
dammed, the waters spread behind the dam a re  
likewise navigable. Thus, the privately owned 
bed of the reservoir  in such a case seems to be 
subject to the same public servitude that origi- 
nally applied to the undammed stream. 

Rights to the Use of Ground Water 
Wisconsin ground water law is based upon the 
so -called English absolute rights doctrine. The 
landowner owns the ground water he captures in 
his well o r  otherwise. It is his to do with a s  he 
wishes, to use on the overlying land o r  elsewhere, 
and even to waste. 

The Wisconsin Legislature has intervened in this 
rather  primitive legal thicket in only one way. It 
has required that a permit be obtained from the 
Wisconsin Department of Natural Resources by 
anyone who desires  to develop o r  redevelop a well 
o r  well field with facilities for  withdrawal of 
water at a rate  of 100,000 gallons a dayt2 (70 gal- 
lons per  minute) o r  more. The ground on which 
the Department of Natural Resources can deny 

' ' Wisconsin Statutes 30.20(l)(b). 

l 2   isc cons in Statutes 144.025 (2)(e). See also Regulation of 
Well Drillers, Wisconsin Statutes 162.01. 

a permit is narrow, however; namely, that the 
proposed well o r  wells will ffadversely affect o r  
reduce the availability of water to any public 
utility in furnishing water to o r  for  the public." 
Thus, interference with a nonpublic utility well is 
not a ground for  denial of a permit. 

Diffused Surf ace Water Law 
The Wisconsin Supreme Court has defined diffused 
surface waters, more commonly known a s  s torm 
water, a s  

. . . waters from rains,  springs, o r  melt- 
ing snow which lie o r  flow on the surface 
of the earth but which do not form part of 
a watercourse o r  a lake13 

A ravine which was usually dry  except in times 
of heavy rains o r  spring freshets was early held 
by the Wisconsin Court not to be a watercourse, 
and the water in i t  was held to be diffused sur -  
face water.14 

Riparian law does not apply to diffused surface 
water. The law that does apply deals not with 
water use rights but with conflicts which ar i se  in 
attempting to dispose of water. Where these con- 
flicts a r i s e  between private landowners, the Wis- 
consin Court has evolved a s  case law the so-called 
"common enemyff rule regarding diffused surface 
waters. Basically, this rule permits a landowner 
who is seeking to improve his land to fight a s  
a "common enemy" the diffused surface water 
in a particular drainage area. This he can do 
regardless of harm caused to others so long a s  
he does i t  to improve his own land and so long 
a s  he does not tap a new drainage area. The 
improvements may include grading, diking, ditch- 
ing, and damming but not the drainage of a natural 
pond o r  artificial reservoir.  

The prohibition against tapping water from a new 
drainage area  disappears where a municipal pro- 
ject i s  involved. Here the rule of law has been 
stated a s  follows: 

By constructing s t ree ts  and gutters within 
i t s  limits, a city may change the natural 
watercourse so a s  to increase the flow of 
water upon private land.15 

' Thomson v. Public Service Comm., 241 Wis. 243, 5 N. W. 
2d 769 (1942). 

1 4 ~ o y t  v.  City of Hudson, 27 Wis. 656 (1871). 

l5 Tiedeman v. Middleton, 25 Wis. 2d 443 (1964). 



At least three general limitations upon this broad 
municipal power have been stated, two by the 
Court and one by the Legislature: 

1. The municipality may not collect water in 
a body and then cast i t  on the land in 
a large v~lume. '~  

2. A municipality that has collected water in 
a sewer o r  drain i s  liable for damages if, 
because of negligent construction or  main- 
tenance, water is allowed to escape from 
the sewer o r  drain to adjacent land.17 

3. The Wisconsin Legislature has required 
that: 

Whenever any county, town, city, village.. . 
o r  the state highway commission has here- 
tofore constructed and now maintains o r  
hereafter constructs and maintains any 
highway. . . in o r  across any marsh, low- 
land, natural depression, natural water- 
course, natural o r  man-made channel o r  
drainage course, i t  shall not impede the 
general flow of surface water o r  stream 
water in any unreasonable manner so as  
to cause either an unnecessary accumula- 
tion of waters flooding o r  water-soaking 
uplands o r  an unreasonable accumulation 
and discharge of surface waters flooding 
o r  water-soaking  lowland^!^ 

Despite the above language, municipal construc- 
tion projects are  relatively immune from legal 
damages resulting from the interference with, o r  
rerouting of, draining surface waters. The relative 
immunity enjoyed by municipalities presumably 
also applies to towns if the storm sewer system 
was built under appropriate statutory enabling 
authority. This authority exists where a town 
assumes village powers under Section 60.18(12) 
and 60.29(13) of the Wisconsin Statutes o r  where 
a special sanitary district has been created pur- 
suant to Section 60.30 of the Wisconsin Statutes. 
It also exists, under Section 60.29(19) of the Wis- 
consin Statutes, where the county in which the town 
is located has a population of 150,000 o r  more. 

16Champion v. Crandon, 84 Wis. 405, 54 N. W. 775 (1893). 

1 7 ~ a r t  v. Neilsville, 125 Wis. 546, 104 N. W. 699 (1905). 

l 8  Wisconsin Statutes 88.87(2)(a). 

FLOODLAND ENCROACHMENTS IN AND 
ALONG STREAMS-FLOODLAND REGULATION 

Effective abatement of flooding can be achieved 
only by a comprehensive approach to the problem. 
Certainly, physical protection from flood hazards 
through the construction of dams, flood control 
reservoirs, levees, channel improvements, and 
other water control facilities i s  not to be com- 
pletely abandoned in favor of floodland regula- 
tion. As urbanization proceeds within a watershed, 
however, it becomes increasingly necessary to 
develop an integrated program of land use regula- 
tion of the floodlands within the entire watershed 
to supplement required water control facilities 
if efforts to provide such facilities are  not to 
be self -defeating. 

Definition of Floodlands 
The precise delineation of floodlands is essential 
to the sound, effective, and legal administration of 
floodland regulations. This i s  especially true in 
urbanizing areas, such as  the Milwaukee River 
watershed. A precise definition of floodlands is not 
found in the Wisconsin Statutes. Section 87.30(1) 
speaks only of those areas within a stream valley 
within which "serious (flood) damage may occur" 
o r  "appreciable (flood) damage.. .is likely to 
occur. l1 This statutory description is not adequate 
per  se for floodland determination. As a water- 
shed urbanizes and the hydraulic characteristics 
of the stream are  altered, additional areas of 
the stream valley become subject to flooding. 
It becomes necessary, therefore, to regulate 
the entire potential, a s  well a s  existing, flood- 
land areas. 

Floodlands may be defined a s  those parts of 
a stream valley which a re  periodically subject 
to inundation. To relate land use regulations in 
a reasonable manner to the various flood charac- 
teristics and hazards found in the floodland area 
of a stream valley, the Commission has recom- 
mended19 that floodlands be identified and divided 
into the following three regulatory areas: 

1. The channel area-defined as  that portion 
of the floodlands normally occupied by 
a stream of water under average annual 
high-water-flow conditions. 

19 See SEWRPC Planning Guide No. 5, Floodland and Shore- 
land Develo~ment Guide. November 1968. 



2. The floodway area-defined as that por- 
tion of the floodlands, including the chan- 
nel required to carry  and discharge the 
100-year recurrence interval flood. If 
development and fill are to be prohibited in 
the floodplain, the floodway may be deline- 
ated a s  that area subject to inundation by 
the 10-year recurrence interval flood. 

3. The floodplain area-defined as that por- 
tion of the floodlands, excluding the flood- 
way, subject to inundation by the 100-year 
recurrence interval flood o r ,  where such 
data are  not available, by the maximum 
flood of record. 

The delineation of the limits of these three regu- 
latory areas should be based upon careful hydro- 
logic and hydraulic engineering studies, such as  
have been conducted under the Milwaukee River 
watershed study for the Milwaukee River and i ts  
major tributaries. 

Principles of Floodland Regulation 
Certain legal principles must be recognized in the 
development of land use regulations to implement 
a comprehensive watershed plan. With respect to 
the floodland areas of the watershed, these are: 

1. Sound floodland regulation must recognize 
that the flood hazard i s  not uniform over 
the entire floodland area. Restrictions 
and prohibitions in floodlands should, in 
general, be more rigorous in the channel 
itself and in the floodway than in the flood- 
plain area. 

2. While i t  is most desirable that floodland 
regulations seek to retain floodlands in 
open-space uses, sound floodland regula- 
tion may contemplate permitting certain 
buildings and structures at appropriate 
locations in the floodplain. Any such struc- 
ture, however, should comply with special 
design, anchorage, and building material 
requirements. 

3. Sound f loodland regulation must recognize, 
and be adjusted to, existing land uses in 
the floodlands. Structures may already 
exist in the wrong places. Fills may be in 
place constricting flood flows o r  limiting 
the flood storage capacities of the river. 
The physical effects of such misplaced 
structures and materials on flood flows, 

stages, and velocities can be determined; 
and floodland regulation, based on such 
determinations, must include legal mea- 
sures to bring about the removal of at 
least the most troublesome offenders. 

4. In addition to the physical effects of struc- 
tures o r  materials, sound floodland regu- 
lation must also be concerned with the 
social and economic effects, particularly 
the promotion of public health and safety. 
Beyond this, sound floodland regulation 
must take into account such diverse and 
general welfare items a s  impact upon 
property values, the property tax base, 
human anguish, aesthetics, and the need 
for open space. 

5 .  Sound floodland regulation must coordinate 
all forms of land use controls, including 
zoning, subdivision control, and official 
map ordinances and housing, building, and 
sanitary codes. 

Land Use Regulation in Floodlands 
Based upon the above principles and upon the 
three-part definition of floodlands set  forth above, 
the Commission has proposed that the local units 
of government within the Region utilize a variety of 
land use controls to effect proper floodland devel- 
opment. The use of these controls is thoroughly 
discussed in SEWRPC Planning Guide No. 5, 
Floodland and Shoreland Development Guide, and, 
therefore, will not be repeated here. The following, 
however, will summarize the various land use 
regulatory powers available to state, county, and 
local units of government for use in regulating 
floodland development. 

Channel Regulation: Sections 30.11, 30.12, and 
30.15 of the Wisconsin Statutes establish rules 
for the placement of material and structures on 
the bed of any navigable water and for the removal 
of material and structures illegally placed on such 
beds. With approval of the Wisconsin Department 
of Natural Res0urces,2~ pursuant to Section 30.11 
of the Wisconsin Statutes, any town, village, city, 
o r  county may establish bulkhead lines along any 
section of the shore of any navigable water within 
i ts  boundaries. Where a bulkhead line has been 
properly established, material may be deposited 
and structures built out to the bulkhead line. 

20 This function w,as ,forrner/jl assigned to the Wisconsin 
Public Service Cornmission. 



A Wisconsin Department of Natural Resources 
permit i s  required for  deposit of material o r  
erection of a structure beyond the bulkhead line. 
Where no bulkhead line has been established, 
i t  i s  unlawful to deposit any material o r  build 
any structure upon the bed of any navigable 
water unless a Wisconsin Department of Natural 
Resources permit has f i r s t  been obtained. 

The delineation of the outer boundary of the bed 
of a navigable lake o r  s tream thus becomes 
a crucial legal issue, and the statutes provide no 
assistance in this problem. Where the lake o r  
s tream has sharp and pronounced banks, i t  will 
ordinarily be possible, using stage records,  the 
testimony of knowledgeable persons, and evidence 
relating to types of vegetation and physical char- 
acteristics of the bank, to establish the outer 
limit of the s t ream o r  lake bed.2' The task can, 
however, present a difficult practical problem, 
particularly where the s tream i s  bordered by 
low-lying wetlands. Where bulkhead lines have 
been established, however, o r  where the outer 
limits of navigable waters can be defined, existing 
encroachments in the beds of these navigable 
waters can be removed and new encroachments 
prevented under existing Wisconsin legislation. 

Floodway and Floodplain Regulation: While the 
Wisconsin Legislature long ago recognized that 
the regulation of s t ream channel encroachments 
was an areawide problem transcending county and 
municipal boundaries and, therefore, provided for  
state regulation, i t  was not until passage of the 
State Water Resources Act in August 1966 that 
a s imilar  need was recognized fo r  floodway and 
floodplain regulation. In that Act the Legislature 
created Section 87.30 of the Wisconsin Statutes. 
This section authorizes and directs the Wiscon- 
sin Department of Natural Resources to enact 
floodland zoning regulations where i t  finds that 
a county, city, o r  village has not adopted reason- 
able and effective floodplain regulations by Janu- 
a ry  1,  1968. The cost of the necessary floodplain 
determination and ordinance promulgation and 
enforcement by the state shall be assessed and 

2 1 The ordinary normal high-water mark is defined by the 
Wisconsin Department of Natural Resources as that point at 
which the waters of the stream or lake remain long enough to 
cause an observable change in vegetative type, density of 
growth, and soil characteristics. In field practice state agen- 
cies attempt to establish the channel limits by determination 
of those points where the terrestrial vegetation ends and the 
aquatic vegetation begins. 

collected a s  taxes from the county, city, o r  vil- 
lage by the state. Chapter NR 116 of the Wiscon- 
sin Administrative Code se ts  forth the general 
c r i te r ia  for  counties, cities, and villages to follow 
in enacting reasonable and effective floodplain 
regulations. In addition to providing for  the proper 
administration of a sound floodplain zoning ordi- 
nance, the cr i ter ia  include that, where applicable, 
floodplain zoning ordinances be supplemented with 
land subdivision regulations, building codes, and 
sanitary regulations. 

The Wisconsin Department of Industry, Labor, and 
Human ~ e l a t i o n s ~ ~  has long held power to estab- 
lish state-level building safety codes.23 These 
codes have never specifically focused on spe - 
cia1 anchorage, construction, safety, and material 
requirements of structures which a re  proposed to 
be o r  have been erected in a floodplain but could 
probably be amended to do so. The basic legal 
authority for  such amendment already exists. The 
powers of the Wisconsin Department of Industry, 
Labor, and Human Relations, however, do not 
extend to all  structures. It does not have juris- 
diction, for  example, over  single- o r  two -family 
housing units. It does have jurisdiction with 
respect to buildings which a re  used in whole o r  
in part a s  a place of resor t ,  assemblage, lodging, 
trade, traffic, occupancy, o r  use by the public o r  
by three o r  more families. It i s  also given power 
to assure safe places of employment. 

The Wisconsin Division of Highways and the 
Wisconsin Division of Health presently possess 
state-level subdivision plat review powers. These 
powers do not stretch to encompass the full 
l imits of the problem of regulating floodways and 
floodplains. Nevertheless, adaptations might be 
effected, where these reviews concern land located 
within a floodplain, to make a modest contribution 
to an integrated state-local program of floodland 
regulation. For  example, the regulations of the 
Wisconsin Division of Highways might impose 
more stringent performance standards in those 
situations where flood damage to roadways, cul- 
verts ,  and bridge structures situated within, o r  
cIose to, a subdivision seems likely. Wisconsin 
Division of Health regulations applying to subdivi- 
sions not to be served by public sewers prohibit 

22 Formerly the State Industrial Commission. 

23  isc cons in Statutes 101.01 (12). 101.10 (5); Habermann and 
Hoefeldt, "The Wisconsin State Building Code," 1947 - Wis. 
L. Rev., 373. 



the development of subdivision lots which have 
more than 10 percent of the minimum lot area 
less than two feet above the 100-year recurrence 
interval flood elevation of a lake o r  stream. In 
addition, 80 percent of the minimum lot area of 
each lot shall be at least three feet, and 20 per- 
cent at  least six feet, above the highest estimated 
ground water Ground water level esti- 
mates are  subject to verification by the Division, 
including a morphological study of soil condi- 
tions. These regulations could be supplemented 
by prohibitions against the development of any 
lot where floodwaters would be backed o r  con- 
stricted. Such regulation, however, under existing 
law would apply only to subdivisions not served 
by public sewer. 

Another state-level control available for land use 
regulation in floodplains i s  through public nui- 
sance actions brought by the Attorney General to 
remove, by injunction, existing structures o r  fill 
in the floodplain that substantially retard and con- 
strict the flow of navigable streams. Wisconsin 
cases directly in point a re  lacking, but a number 
of out-of-state cases could be used a s  prece- 
d e n t ~ . ~ ~  Recently, the Wisconsin Legislature, in 
Section 87.30(2) of the Wisconsin Statutes, declared 
that every structure, building, fill, o r  development 
placed o r  maintained in violation of a duly adopted 
floodplain zoning ordinance i s  a public nuisance 
and may be enjoined o r  abated by action at suit of 
any municipality, the state, o r  any citizen thereof. 
In addition, there is power granted by Wisconsin 
 statute^^^ to abate old and dilapidated structures ; 
and this power could be especially brought to bear 
on such structures situated in the floodplain. A s  
a practical matter, however, an extensive pro- 
gram of floodplain clearance, like a program of 
slum clearance, would require the expenditure of 
substantial public funds to buy out landowners 
whose structures a re  located in the wrong places. 

The best potential for intelligent land use regula- 
tion of floodlands exists at the county and local 
level of government i f  these units can be per- 
suaded to coordinate their zoning, land subdivi- 
sion, official mapping, and building and sanitary 
code activities through the medium of a compre- 
hensive watershed plan prepared by the Regional 

24  is. Adm. Code, Section H65.05. 

2 5 ~ e e  "State Regulation of Channel Encroachment," Beu- 
chert. 5 Nut. Res. J., 486 (1965). 

 isc cons in Statutes 66.05 and 280.21. 

Planning Commission. With the enactment of state 
floodplain zoning-enablinglegislation providing for 
state action in the absence of sound and effective 
local governmental action, this potential should be 
fully realized in the Milwaukee River watershed. 

With respect to local governmental land use regu- 
latory controls in floodland areas,  attention i s  
directed to the following factors: 

1. Local zoning ordinances have a substan- 
tial, and as  yet largely unused, poten- 
tial for effective regulation of floodway and 
floodplain areas. As discussed in SEWRPC 
Planning GuideNo. 5, Floodland and Shore- 
land Development Guide, i t  appears more 
desirable in rapidly urbanizing regions 
to utilize a zoning approach that rejects 
special f loodway and floodplain zoning dis - 
tricts in favor of the normal compre- 
hensive zoning districts supplemented by 
additional floodland regulations properly 
related to the flood hazard. Grants of 
zoning enabling authority to cities, vil- 
lages, and towns, under Section 62.23(7) 
of the Wisconsin Statutes, and to coun- 
ties, under Section 59.97 of the Wisconsin 
Statutes, appear broad enough to permit 
this additional regulatory approach. To 
encourage the full development of this 
potential, the Commission has prepared 
a model zoning ordinance for consideration 
and adaptation by local units of government 
within the Region which contains suggested 
zoning district and related regulations, 
procedural regulations, special floodland 
overlay regulations, definitions, and other 
material necessary to construct a sound 
local zoning ~ r d i n a n c e ? ~  The Commis- 
sion also offers assistance to any local 
unit of government in the Region that 
desires to incorporate these provisions in 
i t s  ordinance. 

2. Local land subdivision control ordinances 
also have a substantial, and as  yet largely 
unused, potential for effective floodland 
regulation of new development. To encour- 
age the full development of this potential, 
the Commission has prepared a model land 
subdivision control ordinance for consid- 

2 7 ~ e e  SE WRPC Planning Guide No. 3, Zoning Guide, April 
1964, and SEWRPC Planning Guide No. 5, Floodland and 
Shoreland Development Guide, November 1968. 



eration and adaptation by local units of 
government within the Region which con- 
tains suggested platting procedures, plat 
specifications, subdivision design stand- 
a rds ,  improvement standards, and other 
material necessary to construct a sound 
local subdivision control ordinance.28 The 
Commission offers assistance to any local 
unit of government in the Region that 
desires  to incorporate these provisions in 
i t s  ordinance. 

3. Local sanitary and building ordinances can 
also be utilized to apply special sanitation 
and construction regulations to any per- 
mitted floodland development. To encour- 
age local governments to utilize these 
controls, the Commission has prepared 
a model sanitary ordinance and special 
floodland regulations designed to be incor- 
porated into building  ordinance^.^^ The 
Commission offers assistance to any local 
unit of government in the Region that 
desires  to incorporate these provisions in 
i t s  code of ordinances. 

To effectively regulate the use of land in the 
floodlands of the Milwaukee River, the land sub- 
division control ordinances, zoning ordinances, 
official map ordinances, building codes, sanitary 
codes, and nuisance control ordinances of all of 
the local units of government within the water- 
shed must be closely coordinated. The medium 
for  suchcoordination exists generally in the South- 
eastern Wisconsin Regional Planning Commission; 
more particularly in the hydrologic and hydraulic 
data and land use and water control facility plans 
prepared by the Commission a s  a part of the 
Milwaukee River watershed study; and in the 
model zoning, land subdivision control, sanitary, 
and building ordinances prepared by the Commis- 
sion a s  a part of i t s  continuing planning program. 
Final action, however, r e s t s  entirely with the 
local governing bodies. These bodies can, if they 
choose, not only request the Commission to assis t  
them in preparing necessary plan implementa- 
tion ordinances but can also request the Commis- 

sion to ass i s t  them in the review of all floodland 
zoning and platting proposals affecting the Mil- 
waukee River. 

POLLUTION CONTROL 

Inasmuch a s  the Milwaukee River watershed study 
was intended to deal with problems of water 
quality, a s  well a s  quantity, and to recommend 
water use objectives and concomitant water quality 
standards for  the Milwaukee River basin, i t  is 
necessary to examine the existing and potential 
legal machinery through which attainment of water 
quality goals may be sought at various levels of 
government and private action. 

State Water Pollution Control Machinery 
In the State Water Resources Act of 1965,~' 
the Wisconsin Legislature completely revised the 
organizational structure of the state for  water 
pollution control. The Act designated the now 
Department of Natural Resources a s  the: 

. . .central  unit of state government to 
protect, maintain and improve the quality 
and management of the waters of the 
state, ground and surface, public and 
p r i ~ a t e . ~ '  

Previous to this Act, responsibility for  state water 
resource management was diffused among four 
state agencies: the State Committee on Water Pol- 
lution, the State Board of Health (now renamed the 
State Division of Health), the Wisconsin Public 
Service Commission, and the Wisconsin Conser- 
vation Commission. The State Water Resources 
Act accomplished the following: 

1. Transferred to the Wisconsin Department 
of Natural Resources the water quality 
functions of the State Board of Health and 
the State Committee on Water Pollution. 

2. Transferred to the Wisconsin Department 
of Natural Resources the water regula- 
tory functions of the Public Service Com- 
mission. 

2 8 ~ e e  SEWRPC Planning Guide No. 1, Land Development 
Guide, November 1963, and SEWRPC Planning Guide No. 5, 
Floodlandand Shoreland Development Guide, November 1968. 

2 9 ~ e e  Appendices K and L to SEWRPC Planning Guide No. 
5, Floodland and Shoreland Development Guide. November 
1968. 

3. Abolished the State Committee on Water 
Pollution. 

3 0 ~ h a p t e r  614, Laws of Wisconsin 1965. 

31 Wisconsin Statutes 144.025 (1). 



4. Provided for state financial incentives for 
pollution prevention and abatement facili- 
ties. 

5. Provided for regulation of shorelands on 
navigable waters to assist in water quality 
protection and pollution prevention. 

As a result the Wisconsin Department of Natu- 
ral  Resources has been delegated the following 
powers and duties directly related to water quality 
protection: 

1. To adopt rules setting standards of water 
quality to be applicable to the waters of the 
state32 and issue orders and adopt rules 
for the construction, installation, use, and 
operation of systems, methods, and means 
of preventing and abating pollution of the 
waters of the state. 

2. To consult and advise on the best method of 
disposing of sewage o r  refuse and super- 
vise chemical treatment of waters for 
the purpose of suppressing algae, aqua- 
tic weeds, and other nuisance-producing 
organisms and plants. 

3. To order o r  cause the abatement of any 
nuisance, such a s  pumpage from septic 
tanks o r  the discharge of untreated domes- 
tic sewage, dry wells, o r  cesspools into 
any surface water o r  drainage ditch o r  any 
source of filth o r  cause of sickness created 
by improper sewage disposal facilities. 

4. To prohibit the installation o r  use of septic 
tanks in any area where their use would 
impair water quality.33 

32 The Wisconsin Department of Natural Resources has 
prepared and promulgated water use and quality standards 
for interstate and intra-state waters as Chapters RD 2, 3, 
and 4 of the Wisconsin Administrative Code. 

33The Commission has recommended to the Wisconsin De- 
partment of Natural Resources that it prohibit septic tank 
systems on soils within the Region that have "very severe 
limitations" for such systems, as established in the regional 
detailed soil survey, or where ground or surface waters 
would be subject to contamination. l%e Commission has also 
recommended prohibiting septic tank systems on soils that 
have "severe limitations" for such systems, as established 
in the regional detailed soil survey, unless such limitations 
are overcome. See SEWRPC Plannin~ Report No. 7, Volume 
3, Recommended Regional Land use and Transportation 
Plan.--1990, 1966, p. 124. 

5. To order sewage treatment systems con- 
structed, secured, altered, extended, o r  
replaced within a specified time if a nui- 
sance o r  menace to health o r  comfort tends 
to be created. 

The Department has also been given the power 
under Section 59.971(6) of the Wisconsin Statutes 
to adopt shoreland ordinances where counties have 
not adopted such an ordinance by January 1, 1968, 
o r  where the Department after notice and hearing 
determines that the county ordinance fails to ade- 
quately protect shorelands and water quality. In 
addition, Section 144.46 of the Wisconsin Statutes 
and Chapter NR 51 of the Wisconsin Administra- 
tive Code prohibit solid waste disposal sites and 
facilities in f loodland and shoreland areas except 
by a permit issued by the Wisconsin Department of 
Natural Resources. The State's Shoreland Man- 
agement includes general criteria to 
assist counties in meeting the requirements of the 
State Water Resources Act of 1965. 

Despite the fact that the Wisconsin Legislature 
has simplified the organizational structure for 
state-level water pollution control, the curative 
aspects of the state pollution control program 
remain, in order to be competent and thorough, 
quite time-consuming. Rather than attack pollu- 
tion solely on a case-by-case basis, it has been 
the sound practice of the Wisconsin Department of 
Natural Resources, as i t  was of the predecessor 
agencies concerned, to examine o r  survey entire 
river basins o r  major sectors thereof. These 
basin studies involve a water quality sampling 
program; physical, chemical, and biological analy- 
ses  of the samples; an inventory of all significant 
sources of water pollution within the basin; and 
a preliminary assessment of the results. All 
probable polluters-private, industrial, and muni - 
cipal-who utilize a particular watercourse for 
waste disposal are  given notice that such a study 
is taking place and will be followed by public 
hearings, usually held within the r iver basin under 
study, at which time the preliminary findings 
a re  presented and at which potential polluters 
can appear and submit statements in refutation, 
defense, o r  mitigation. 

Findings, based upon the results of the study and 
subsequent hearing, a re  summarized in a stream 
pollution report, wherein the extent of each stream 

34 Wis. Adm. Code, Chapter NR 115. 



user 's  contribution to the total pollution load and 
individual efforts to minimize o r  control the pol- 
luting qualities of effluents a r e  documented. After 
all analyses have been completed, the hearing of 
testimony ended, and the basin pollution report 
prepared, orders addressed individually to each 
polluter on the stream a re  issued directing such 
action as  the Department deems necessary to 
reduce o r  eliminate water pollution within the 
basin. The unique circumstances of each polluter 
are thus known and can be taken into account in 
framing these orders, and a reasonable time limit 
in which to comply can be established. 

The major difficulty with the curative aspects of 
the state water pollution control machinery i s  the 
often long time lag between detection and remedy. 
The phase spanning initial investigation, sam- 
pling, analysis, and hearing to the issuance of an 
order for improvement requires from six to nine 
months. An additional six months to a year may 
be allowed for compliance, and time extensions 
for compliance are  commonly given if cause can 
be shown. It was a basic policy of the former 
Committee on Water Pollution and the former 
State Board of Health to rely primarily on educa- 
tional and persuasive efforts for pollution abate- 
ment action, rather than seek judicial enforcement 
of pollution control orders. While this basic policy 
of reliance on educational and persuasive efforts 
toward pollution control has been carried over by 
the Wisconsin Department of Natural Resources, 
recent enforcement actions by that Department, 
in conjunction with the Wisconsin Department of 
Justice, indicate an intent to make greater use 
of judicial enforcement procedures in securing 
compliance with orders. 

The state water regulatory functions formerly 
vested in the Public Service Commission and now 
transferred to the Wisconsin Department of Natu- 
ra l  Resources also bear upon water pollution con- 
trol. Pursuant to Section 31.02(1) of the Wisconsin 
Statutes, the Department may ' I .  . . regulate and 
control the level and flow of water in all navigable 
waters.. . ." The ability of any body of water to 
assimilate wastes depends in part upon the quan- 
tity of water available for dilution. Therefore, 
stage and streamflow a r e  key considerations in 
the determination of the total volume of pollutants 
which a body of water can naturally absorb with 
only minimal changes in water quality. There a re  
instances of record where, prior to the recent 
reorganization, the Public Service Commission 
has refused to grant o r  has restricted irrigation 

permits on the grounds that the proposed diver- 
sion would reduce streamflows to the extent that 
the stream could not then properly assimilate 
existing municipal sewage treatment plant effluent 
loads and that a water pollution problem would 
thus be created. 

Included within the responsibilities of the Wis- 
consin Department of Natural Resources a re  all 
the functions of the former Wisconsin Conser- 
vation C o m m i s ~ i o n . ~ ~  Under the provisions of 
Section 23.09(1) of the Wisconsin Statutes, the 
Department i s  charged with establishing: 

. . . an adequate and flexible system for 
the protection, development and use of 
forests, fish and game, lakes, streams, 
plant life, flowers and other outdoor 
resources in this state. 

This broad legislative charge i s ,  of course, fully 
compatible with the water regulatory and quality 
responsibilities mentioned above. 

In performing i ts  functions relating to the main- 
tenance and promotion of the public health, the 
Wisconsin Division of Health i s  charged with 
responsibility for regulating the installation of 
private septic tank sewage disposal systems. Such 
systems often contribute to the pollution of surface 
and ground waters. Pursuant to Chapter 236 of the 
Wisconsin Statutes, the Division of Health reviews 
plats of all land subdivisions not served by public 
sanitary sewerage systems and may object to such 
plats if sanitary waste disposal facilities are  not 
properly provided for in the layout of the plat. To 
assist in this review, the Division has promul- 
gated regulations governing lot size and eleva- 
t i ~ n . ~ ~  The Division also registers the installation 
of all septic tanks through permits issued pur- 
suant to Section 144.03 of the Wisconsin Statutes. 

In 1969 the Wisconsin Legislature created aPesti-  
cide Review ~ 0 a 1 - d ~ ~  to collect and analyze data 
and to make recommendations to, and coordinate 
the regulatory responsibilities of, state agencies 
on matters relating to the use of pesticides. The 

35 The Wisconsin Conservation Commission K1as merged 
into the newly created Wisconsin Department of Natural Re- 
sources by the State Government Reorganizafion Act, Chapter 
75, Laws of Wisconsin 1967. 

36 Wis. Adm. Code, Chapter H65. 

37~hapter  146. L a ~ , s  qf Wisconsin 1969. 



legislative charge to the Board is broadly stated 
and includes responsibility for  the protection of 
water from pesticide pollution. The Board is 
functionally located in the Wisconsin Department 
of Health and Social Services and i s  composed 
of the State Secretaries of Agriculture, Natural 
Resources, and Health and Social Services. The 
new legislation grants to the Department of Natural 
Resources the power to adopt administrative rules  
governing the use of any pesticide which i t  finds i s  
a serious hazard to wild animals other than those 
wild animals that the pesticide i s  intended to 
control3' and to the Department of Agriculture 
a broader power to adopt administrative rules  
to protect persons o r  property from serious 
pesticidk hazards.39 All such administrative rules  
must be approved by the Pesticide Review Board. 

Local Water Pollution Control Machinery 
All towns, villages, and cities in Wisconsin have, 
as part of the broad grant of authority by which 
they exist, sufficient police power to regulate by 
ordinance any condition o r  set  of circumstances 
bearing upon the health, safety, and welfare of 
the community. Presumably, the water quality of 
a receiving s t ream o r  the polluting capability of 
effluent generated within the municipal unit would 
fall  within the regulative sphere by virtue of i t s  
potential danger to health and welfare. 

Local and county boards of health have powers to 
adopt and enforce rules and regulations designed 
to protect and improve public health. This broad 
grant of authority includes regulatory controls 
relating to environmental sanitation and, hence, 
water pollution. County boards of health, estab- 
lished by action of the County Board of Supervi- 
s o r s  pursuant to Section 140.09 of the Wisconsin 
Statutes, can provide an effective vehicle for  the 
enactment of county-wide regulations designed in 
part  to prevent and control further pollution of 
surface and ground waters. At the present time, 
only one county board of health has been estab- 
lished in the Region, that for  Waukesha County. 

In recent legislation40 county park commissions, 
established pursuant to Section 27.02 of the Wis- 
consin Statutes, were granted powers to investi- 
gate the pollution of s t reams and lakes throughout 
the entire county and to engage in weed control 

38 Wisconsin Statutes 29.29(4). 

39 Wisconsin Statutes 94.69(10). 

"chapter 240, Laws of Wisconsin 1969. 

and treatment practices in order  to ameliorate one 
effect of such pollution. In so doing, county park 
commissions may cooperate and contract with 
other counties and municipalities to provide for  
pollution control and lake and stream treatment. 
Formerly,  this power was limited to the Milwau- 
kee County Pa rk  Commission and then only with 
respect to s t reams in county parks and parkways. 

In addition to the broad grant of authority to gen- 
eral-purpose units of local government, the Wis- 
consin Statutes currently provide for  the creation 
of three types of special-purpose units of govern- 
ment through which water pollution can be abated 
and water quality protected. These are:  1) the 
Metropolitan Sewerage District of the County of 
Milwaukee, 2) town sanitary districts,  and 3) coop- 
erative action by contract. Until recently, a fourth 
type of special-purpose unit of government-met- 
ropolitan sewerage districts outside Milwaukee 
County-was authorized by the Wisconsin Statutes. 
In a significant case," the Wisconsin Supreme 
Court struck down the authorizing legislation for  
such metropolitan sewerage districts a s  an uncon- 
stitutional delegation of legislative power. 

Metropolitan Sewerage District of the County of 
Milwaukee: The Metropolitan Sewerage District 
of the County of Milwaukee was established and 
operates under the provisions of Section 59.96 of 
the Wisconsin Statutes. It operates through the 
agency of the Sewerage Commission of the City of 
Milwaukee, which was established pursuant to 
Chapter 608, Laws of Wisconsin 1913, and the 
Metropolitan Sewerage Commission of the County 
of Milwaukee, which operates and exists pursuant 
to the provisions of Section 59.96 of the Wisconsin 
Statutes. The Metropolitan Sewerage Commission 
has the power to project, plan, and construct main 
sewers;  pumping and temporary disposal works 
for  the collection and transmission of house, 
industrial, and other sanitary sewage to and into 
the intercepting sewerage systems of such Dis- 
t r ict ;  and may improve any watercourse within 
the District by deepening, widening, o r  otherwise 
changing the same, where, in the judgment of the 
Commission, i t  may be necessary in order  to 
c a r r y  off surface o r  drainage waters. The Metro- 
politan Sewerage Commission, however, may only 
exercise i t s  powers outside the City of Milwaukee. 
The Sewerage Commission of the City of Milwau- 

4 1 ~ n  re Petition for Fond du Lac Metropolitan Sewerage 
District, 42 Wis. 2d 323 (1969). 



kee, on the other hand, may build treatment plants 
and build main and intercepting sewers and may 
improve watercourses within i t s  area of opera- 
tion, which i s  within the City of Milwaukee. 

In order to coordinate the activities of the two 
Commissions, the Statute provides that the Metro- 
politan Sewerage Commission must secure the 
approval of the Sewerage Commission of the City 
of Milwaukee before i t  is empowered to engage in 
any work and, when i t  has completed the work i t  
proposes to do, i t  then turns over all of these 
facilities to the Sewerage Commission of the City 
of Milwaukee for operation and maintenance. The 
Statute further coordinates the sewer program in 
the City of Milwaukee by requiring that all towns, 
cities, and villages lying within the District must 
submit their sewerage system plans for  approval 
before they can connect to the main and inter- 
cepting system owned by the District. The two 
Commissions have the power to promulgate and 
enforce reasonable rules for the supervision, pro- 
tection, management, and use of the entire sewer- 
age system. 

The District at the present time includes all of the 
towns, cities, and villages within the County of 
Milwaukee, except for the City of SouthMilwaukee, 
which elected not to become part of the District 
(see Map 44). In addition, the District, through 
i t s  two Commissions, may enter into contracts 
with areas  in the same general drainage area and 
adjacent to the District to furnish sewer service 
to those municipalities. The two Commissions 
have the power to inspect all sewers and sewerage 
systems which drain into the main o r  intercepting 
system and further have the power to require any 
town, city, o r  village o r  the occupant of any prem- 
ises  engaged in discharging sewage effluent from 
sewage plants, sewage refuse, factory waste, o r  
other materials into any river o r  canal within such 
county and within the drainage area to so change 
o r  rebuild any such outlet drain o r  sewer a s  to 
discharge said sewage waste o r  trade waste into 
the sewers of said town, city, o r  village o r  into the 
main o r  intercepting sewers owned by the District. 

With regard to watercourse improvements, the 
District, through its two Commissions, has en- 
gaged on a broad program of improving water- 
courses by widening, deepening, o r  otherwise 
changing said watercourses so as to accommodate 
the expected flow of storm and surface drainage 
waters from the area within the District and from 
the areas surrounding the District. In connection 

with this work, many unauthorized waste dis- 
charges to watercourses were uncovered and 
eliminated, thus reducing the discharge of objec- 
tionable materials into the r ivers and streams in 
Milwaukee County, a s  well as  providing greater 
capacity for such streams and rivers and provid- 
ing for more rapid and efficient runoff of storm 
and drain waters. 

The term "same general drainage area" has been 
defined by the two Commissions to include all 
of the Kinnickinnic , Menomonee, and Milwaukee 
Rivers and Oak Creek watersheds and those por- 
tions of the Root River watershed draining into 
Milwaukee County. In theory the Metropolitan 
Sewerage District of the County of Milwaukee 
could, under existing legislation, contract to 
transmit, treat, and dispose of sewage originating 
throughout the entire Milwaukee River watershed. 
The present northerly terminus of the contract 
service limits of the Metropolitan Sewerage Dis- 
trict in the Milwaukee River watershed, however, 
i s  the northerly corporate limits line of the City 
of Mequon, excluding therefrom, however, the 
Village of Thiensville (see Map 44). 

Town Sanitary Districts: Town sanitary districts 
may be created, pursuant to Section 60.30 of the 
Wisconsin Statutes, to plan, construct, and main- 
tain sanitary and storm sewers and sewage treat- 
ment and disposal systems. A town sanitary 
district may offer i ts  services outside i ts  juris- 
dictional area on a reimbursable basis. In addi- 
tion, the Wisconsin Legislature, in Section 60.30(2) 
of the Wisconsin Statutes, evidenced an intent that 
town sanitary districts be created to provide aux- 
iliary sewer construction in unincorporated areas 
of metropolitan sewerage districts created under 
Sections 66.20 through 66.209 of the Wisconsin 
Statutes. Town sanitary districts a re  usually 
created by the town board upon petition of 51 per- 
cent of the property owners o r  the owners of 
51 percent of the property within the proposed 
district. The Wisconsin Department of Natural 

. Resources may, however, upon finding that private 
sewage disposal o r  water supply systems con- 
stitute a public health menace and that there is no 
local action evident to correct the situation, order 
the creation of such districts. 

As noted in Chapter III of this volume, there are  
a total of six town sanitary districts existing 
within the Milwaukee River watershed. These dis- 
tricts are: Big Cedar Lake Sanitary District in the 
Towns of Polk and West Bend, Washington County; 



Little Cedar Lake Sanitary District in the Towns 
of Polk and West Bend, Washington County; New- 
burg Sanitary District in the Town of Trenton, 
Washington County; Sanitary District No. 1 (Lake 
Ellen area) in the Town of Lyndon, Sheboygan 
County; Silver Lake Sanitary District in the Town 
of West Bend, Washington County; and Wallace 
Lake Sanitary District in  the Town of Trenton, 
Washington County. The location and service a r ea s  
of these sanitary dis tr icts  a r e  shown on Map 4. 

Cooperative Action by Contract: Section 66.30 of 
the Wisconsin Statutes permits the joint exercise 
by municipalities42 of any power o r  duty required 
of, o r  authorized to, municipalities by statute. To 
jointly exercise any such power, such a s  the 
transmission, treatment, and disposal of sanitary 
sewage, municipalities would have to c rea te  com- 
missions by contract. Appendix A to SEWRPC 
Technical Report No. 6, Planning Law in South- 
eastern Wisconsin, contains a model agreement 
creating such a cooperative contract commission. 

Other Metro~ol i tan  Sewerage Districts:  As noted 
above, other metropolitan sewerage dis tr icts  had, 
until recently, been authorized under Sections 
66.20 to 66.209 of the Wisconsin Statutes. These 
dis tr icts  were given the broad power to plan, 
construct, and maintain interceptor and main 
sanitary sewers,  s torm sewers,  and sewage treat-  
ment plants. One such district had been formed 
in the Region to provide sanitary sewer s e r -  
vice to the Waterford-Rochester a r ea  in western 
Racine County. 

On April 1 ,  1969, the Wisconsin Supreme Court 
struck down Sections 66.20 to 66.209 of the Wis- 
consin Statutes on the ground that the Wisconsin 
Legislature, in providing for  the creation of 
such metropolitan sewerage dis tr icts  by county 
courts ,  had unconstitutionally delegated legisla- 
tive authority to the judiciary.43 The court made 
i t  c lear ,  however, that a question of a lack of 
legislative authority to provide for  the creation of 
metropolitan sewerage dis tr icts  was not a t  issue 
in the cited case but ra ther  a question of the 
method by which legislative power had been exer-  
cised. If future metropolitan sewerage dis tr icts  

4 2 ~ s  used in Section 66.30 of the Wisconsin Statutes, "mu- 
nicipality" includes the state or any department or agency 
thereof, or any city, village, town, county, school district 
or regional planning commission. 

431n re Petition for Fond du Lac Metropolitan Sewerage 
District, 42 Wis. 2d 323 (1969). 

a r e  to be created and existing dis tr icts  expanded, 
then the Wisconsin Legislature must provide cura-  
tive legislation designed to overcome the Supreme 
Court's objections. 

During the 1969 Legislative Session, the Legisla- 
ture enacted Chapter 132, Wisconsin Laws of 1969, 
which had the effect of validating the existence of 
all  metropolitan sewerage dis tr icts  already orga- 
nized under Sections 66.20 to 66.209 of the Wis- 
consin Statutes. The new legislation, however, 
did not provide legislative machinery that would 
enable the creation of new metropolitan sewerage 
dis tr icts  o r  the orderly expansion of the recently 
validated districts.  Thus, this type of special- 
purpose areawide unit of government through 
which water pollution can be abated and water 
quality protected remains unavailable for  use a t  
the present time. 

Local Shoreland Regulatory Powers: As previously 
noted, the State Water Resources Act of 1965 pro- 
vides for  the regulation of shoreland uses along 
navigable waters to ass i s t  in water quality protec- 
tion and pollution abatement and prevention. In 
Section 59.971(1) of the Wisconsin Statutes, the 
Legislature defined shorelands a s  all that a r ea  
lying within the following distances f rom the nor- 
mal highwater elevation of all  natural lakes and of 
all  s t reams,  ponds, sloughs, flowages, and other 
waters  which a r e  navigable under the laws of the 
State of Wisconsin: 1,000 feet f rom the shoreline 
of a lake, pond, flowage, o r  glacial pothole lake 
and 300 feet f rom the shoreline of a s t ream o r  
to the landward side of the floodplain, whichever 
is greater.  

The Navigable Waters Protection ~ a w "  specifi- 
cally authorizes municipal zoning regulations fo r  
shorelands. The Law further  defines munici- 
pality a s  meaning a county, city, o r  village. Sec- 
tion 59.971 of the Wisconsin Statutes specifically 
authorizes counties to enact shoreland zoning 
ordinances separately f rom comprehensive zoning 
ordinances in unincorporated a reas  without such 
enactment being subject to town board approval. 
Furthermore,  the shoreland regulations author- 
ized by the Navigable Waters Protection Law have 
been defined to include land subdivision controls 
and sanitary regulations!5 The Wisconsin Depart- 

44 Wisconsin Statutes 144.26. 

45  is. Adm. Code, Chapter N R  115. 



ment of Natural Resources is specifically author- 
ized by Section 59.971(6) of the Wisconsin Statutes 
to adopt county shoreland regulations in coun- 
ties failing to adopt adequate local shoreland 
regulations. The cost of such action by the state 
would be assessed and collected a s  taxes from 
the county. 

The purposes of zoning, land subdivision, and 
sanitary regulations in shoreland areas are  speci- 
fied in Section 144.26(1) of the Wisconsin Statutes 
as  follows: 

1. To maintain safe and healthful conditions. 

2. To prevent and control water pollution. 

3. To protect spawning grounds, fish, and 
aquatic life. 

4. To control building sites, placement of 
structures, and land uses. 

5. To preserve shore cover and natural 
beauty. 

To assist local units of government in enacting 
shoreland regulations and in meeting the objec- 
tives of the State Water Resources Act of 1965, 
the Navigable Waters Protection Law directs 
the Wisconsin Department of Natural Resources 
to prepare recommended standards for naviga- 
ble water protection regulations, with particular 
attention to the following: 

1. Safe and healthful conditions for the enjoy- 
ment of aquatic recreation. 

2. Demands of water traffic, boating, and 
water sports. 

3. Capability of the water resource. 

4. Proper operation of septic tank disposal 
fields. 

5. Building setbacks from the water. 

6. Preservation of shore growth and cover. 

7. Conservancy uses for low-lying lands. 

8. Layouts for residential and commercial 
development. 

In accordance with this charge, the Department 
has prepared a Shoreland Management 
A more complete discussion of local shoreland 
regulatory powers and of the state's role where 
counties fail to adequately protect shoreland and 
water quality through county ordinances i s  con- 
tained in SEWRPC Planning Guide No. 5, Flood- 
land and Shoreland Development Guide. 

Federal Water Pollution Control Machinery 
The Milwaukee River i s  an intra-state surface 
water subject to the water quality standards 
and use classifications adopted by the Wisconsin 
Department of Natural Resources and set forth 
in Chapter RD 4 of the Wisconsin Administrative 
Code. The Milwaukee River watershed, however, 
i s  a part of the Lake Michigan drainage basin and, 
a s  such, i s  subject to federal regulations govern- 
ing the pollution of waters draining into the Great 
Lakes. The Federal Water Pollution Control Act, 
last amended by P. L. 91-224 (1970), provides in 
Section 10 for enforcement measures against the 
pollution of such waters. These enforcement mea- 
sures,  to date, have had an important impact on 
water pollution control efforts in the Milwaukee 
River watershed. 

One of the f i rs t  significant enforcement steps under 
the federal water pollution control efforts was the 
convening of a Lake Michigan Enforcement Con- 
ference in January, February, and March 1968 
by the Secretary of the U. S. Department of the 
Interior to explore the abatement of pollution of 
Lake Michigan and its tributary waters. The con- 
ferees were comprised of official representatives 
of the States of Illinois, Indiana, Michigan, and 
Wisconsin, as  well a s  of the Federal Government. 
The Conference was called by the Secretary of the 
Interior at the request of the Governor of the State 
of Illinois and upon the basis of studies con- 
ducted by the Federal Government on the matter 
of pollution of Lake Michigan. At this Confer- 
ence 26 recommendations, dealing with water 
pollution control efforts in the Lake Michigan 
basin, were formulated and agreed to by the con- 
ferees. Of particular significance to the Mil- 
waukee River watershed study a re  the following 
recommendations :47 

46  bid, footnote 45. - 
4 7', Lake Michigan Enforcement Conference, Summary of 
Conference (First Session)," Wisconsin Department of 
Natural Resources, no dare. 



1. Waste treatment i s  to be provided by all 
municipalities to achieve at least 80 per- 
cent reduction of total phosphorus. This 
action is  to be substantially accomplished 
by December 1972. 

2. Industries not connected to municipal sew- 
erage systems are  to provide sewage treat- 
ment so as to meet the water quality 
standards for Lake Michigan as  approved 
by the Secretary of the Interior. This 
action must also be substantially accom- 
plished by 1972. 

3. Continuous disinfection is to be provided 
throughout the year for all municipal waste 
treatment plant effluent. This action was 
to have been accomplished not later than 
May 1969. 

4. Unified sewage collection systems serv- 
ing contiguous urban areas are  to be 
encouraged. 

5 .  Combined storm and sanitary sewers a re  
to be separated in coordination with all 
urban reconstruction projects and prohib- 
ited in all new developments, except where 
other techniques can be applied to control 
pollution from combined sewer overflows. 
Pollution from combined sewers i s  to be 
controlled by July 1977. 

6. Discharge of treatable industrial wastes 
to municipal sewerage systems, following 
needed preliminary treatment, i s  to be 
encouraged. 

7. Prohibition of the dumping of polluted 
material into Lake Michigan i s  to be 
accomplished as  soon as possible. 

8. State water pollution control agencies a r e  
to accelerate programs to provide for 
the maximum use of areawide sewerage 
facilities, to discourage the proliferation 
of small treatment plants in contiguous 
urbanized areas,  and to foster the replace- 
ment of septic tanks with adequate collec- 
tion and treatment. 

Subsequent sessions of the conference on the pol- 
lution of Lake Michigan and i ts  tributary waters 
have been held in February 1969 and March 1970. 
At the second session, the recommendation noted 

above to remove 80 percent of phosphorus fromall 
municipal sewage treatment plants was modified 
to provide for a basin-wide approach to phospho- 
rus  reduction. Thus, so long as  at least 80 per- 
cent of the total phosphorus contribution from 
municipal sewage treatment plants in the basin 
was removed, it would not matter whether each 
and every municipal plant mounted a phosphorus 
reduction program. The practical effect of this 
policy modification i s  to exempt small municipal 
sewage treatment plants from phosphorus reduc- 
tion orders. 

Pursuant to the recommendations of the Lake 
Michigan Enforcement Conference, the Wiscon- 
sin Department of Natural Resources has issued 
pollution abatement orders within the Milwau- 
kee River watershed. These orders provide for 
85 percent removal of phosphorus at those sewage 
treatment plants serving an equivalent population 
of 2,500 o r  more; for the continuous disinfec- 
tion by chlorination of all sewage treatment plant 
effluent by May 31, 1970; and for the control of 
pollution from combined sewers in the City of Mil- 
waukee and the Village of Shorewood by July 1977. 

The foregoing recommendations of the conference 
have the practical effect of becoming the accepted 
standards for federal enforcement. If the Secre- 
tary of the Interior finds that any state o r  alleged 
polluter i s  not making effective progress toward 
the abatement of Lake Michigan pollution, he is 
directed by the Federal Water Pollution Control 
Act to recommend to the appropriate state water 
pollution control agency that it take the necessary 
remedial action; and he shall allow at least six 
months for compliance. If compliance is still not 
forthcoming, the Secretary i s  directed to call 
a public hearing and convene a hearing board. The 
hearing board is  directed to make appropriate 
findings and recommendations to the Secretary 
concerning the measures i t  finds reasonable and 
equitable to secure abatement of pollution. The 
Secretary shall then allow at least six months for 
compliance with the hearing board recommenda- 
tions. If compliance i s  still not forthcoming, the 
Secretary may then request the U. S. Attorney 
General to bring suit on behalf of the United States 
to secure the abatement of pollution. 

Private Steps for Water Pollution Control 
Each of the previously discussed methods of pollu- 
tion control depends upon an agency of government 
taking action within the framework of statutorily 
delegated powers. Any number of factors may 



intervene to negate the application of such con- 
trols. Attempts to control water pollution by the 
direct action of a private individual o r  organiza- 
tion in the courts may not only be the quickest 
but also, in some cases, the most effective pol- 
lution control device available. This avenue of 
relief i s  little used, however, probably because 
of the heavy costs involved in meeting the burden 
of proving "unreasonable pollution." In seeking 
direct action for water pollution control, there 
a re  two legal categories of private individuals: 
riparians, o r  owners of land that adjoin a natural 
body of water, and non-riparians. 

Riparians: It i s  not enough for  a riparian proprie- 
tor  seeking an injunction to show simply that an 
upper riparian is polluting the stream and thus he, 
the lower riparian, i s  being damaged. Courts will 
often inquire a s  to the nature and the extent of 
the defendant's activity; i ts  worth to the com- 
munity; i ts  suitability to the area;  and his present 
attempts, if any, to treat wastes. The utility of 
the defendant's activity i s  weighed against the 
extent of the plaintiff's damage within the frame- 
work of reasonable alternatives open to both. On 
the plaintiff's side, the court may inquire into 
the size and scope of his operations, the degree 
of water purity that he actually requires, and 
the extent of his actual damages. This approach 
may cause the court to conclude that the plain- 
tiff i s  entitled to a judicial remedy. Whether 
this remedy will be an injunction o r  merely an 
award of damages depends on the balance which 
the court strikes after reviewing all the evidence. 
For example, where a municipal treatment plant 
o r  industry is involved, the court, recognizing 
equities on both sides, might not grant an injunc- 
tion stopping the defendant's activity but might 
compensate the plaintiff in damages. In addition, 
the court may order the defendant to install 
certain equipment o r  to take certain measures 
designed to minimize the future polluting effects 
of his waste disposal. It i s  not correct to char- 
acterize this balancing as  simply a test of eco- 
nomic strengths. If i t  were simply a weighing of 
dollars and cents, the rights of small riparians 
would never receive protection. The balance that 
is struck is one of reasonable action under the 
circumstances, and small riparians can be and 
have been adequately protected by the courts. 

Riparians along the Milwaukee River a re  not fore- 
closed by the existence of federal, state, o r  local 
pollution control efforts from attempting to assert  
their common law rights in courts. The court 

may ask the Wisconsin Department of Natural 
Resources to act a s  i ts  master in chancery, espe- 
cially where unbiased technical evidence i s  neces- 
sary  to determine the rights of litigants. The 
important point, however, i s  that nothing in the 
Wisconsin Statutes can be found which expressly 
states that, in an effort to control pollution, all 
administrative remedies must f irst  be exhausted 
before an appeal to the courts may be had o r  that 
any derogation of common law judicial remedies 
was intended. Thus, the courts a re  not prevented 
from entertaining an original action brought by 
a riparian owner to abate pollution. 

Non-Riparians: The rights of non-riparians to 
take direct action through the courts a re  less 
well-defined than in the case of riparians. The 
Wisconsin Supreme Court set forth a potentially 
far-reaching conclusion in Muench v. Public Ser- 
vice  omm mission^^ when i t  concluded that: 

The rights of the citizens of the state to 
enjoy our navigable streams for recrea- 
tional purposes, including the enjoyment 
of scenic beauty, is a legal right that is 
entitled to all the protection which i s  
given financial rights. 

This language, however, was somewhat broader 
than necessary to meet the particular situation 
at hand, since the case involved an appeal from 
a state agency ruling. The case has not yet arisen 
where a private non-riparian citizen i s  directly 
suing to enforce his public rights in a stream. 
Only when such a case does arise can i t  be deter- 
mined if the Court will stand behind the broad 
language quoted above o r  draw back from its  
implications. The more traditional view would 
be that a non-riparian citizen must show special 
damages in a suit to enforce his public rights. 

It should be noted that the provisions of Chap- 
ter  144 of the Wisconsin Statutes presently enable 
any citizen, whether riparian o r  not, to file acom- 
plaint leading to a full-scale public hearing by 
the Department of Natural Resources on alleged 
o r  potential acts of water pollution. In addition, 
a review of Department orders may be had by 
"any owner o r  other person in interest."49 This 
review contemplates eventual court determina- 
tion under Chapter 227 of the Wisconsin Statutes 

48261 Wis. 492, 53 N. W. 2d 514 (1952). 

49 Wisconsin Statutes 144.56. 



when necessary. The phrase "or other person'' 
makes it clear that non-riparians may seek such 
judicial review. 

CONSTRUCTION OF FLOOD CONTROL FACILI- 
TIES BY LOCAL UNITS OF GOVERNMENT 

Sound physical planning principles dictate that 
a watershed be studied in i ts  entirety, if practical 
solutions a r e  to be found to water-related prob- 
lems, and that plans and plan implementation pro- 
grams, including the construction of flood control 
facilities, be formulated to deal with the inter- 
related problems of the watershed a s  a whole. 
A watershed, however, typically i s  cut in a most 
haphazard fashion by a complex of man-made 
political boundaries -county, city, village, town, 
and special district. When public works projects, 
such as  flood control works, covering and serving 
an entire watershed are  required, these artifi- 
cial demarcations become extremely important 
because they limit the jurisdiction-the physical 
area-within which any one particular a r m  of local 
government may act. Two general possibilities 
exist, with respect to the Milwaukee River water- 
shed, by which this limitation may be overcome. 
These two possibilities are:  1) cooperative action 
by contract, and 2) the use of special districts. 

Cooperative Action By Contract 
The use of Section 66.30 of the Wisconsin Statutes 
to achieve cooperative contract action was pre- 
viously discussed under the section on pollution 
control. The local units of government con- 
cerned with the construction of mutually advan- 
tageous flood control facilities could proceed 
under the provisions of Section 66.30 of the Wis- 
consin Statutes to implement specific water con- 
trol facility plans under a contractual relationship. 
If i t  is assumed that the benefits of comprehensive 
watershed public works accrue in some rough 
proportion to all of the municipal units involved 
and that the self-interest and sense of propriety 
of each would impel them all to be party to 
a contract, then the contractual provisions of 
Section 66.30 of the Wisconsin Statutes seem 
completely capable of dealing with the problem. 
A commission could be created to administer the 
contract; o r ,  seemingly, any other administrative 
device mutually agreed upon could be created to 
carry  out the joint public works projects deemed 
necessary. Recent legislation may make this 
approach all the more feasible inasmuch as  i t  is 
now possible to finance "the acquisition, develop- 
ment, remodeling, construction, and equipment of 

land, buildings and facilities for regional projects" 
by a joint bond issue backed in allocate shares by 
the contracting local units." 

Use of Special Districts 
Several types of special districts are  available o r  
potentially available for use in the construction 
and operation of flood control facilities. These 
special districts are: 1) a comprehensive r iver 
basin district, 2) soil and water conservation dis- 
tricts, 3) town sanitary districts, 4) flood control 
boards, and 5 )  county drainage boards and drain- 
age districts. 

Comprehensive River Basin District: One possi- 
bility for areawide water control facility plan 
implementation is through the creation of a spe- 
cial comprehensive river basin district embracing 
the entire watershed and capable of raising reve- 
nues through taxation and bonding; acquiring land; 
constructing and operating the necessary facili- 
ties; and otherwise dealing with the wide range of 
problems, alternatives, and projects inherent in 
comprehensive watershed planning. Such a district 
might be specifically charged in the enabling 
legislation by which it is created with carrying out 
the plans formulated by the SEWRPC. Though 
enabling legislation to permit the creation of such 
districts has been proposed to the Wisconsin 
Legislature in the past, i t  has not, to date, 
received approval and, thus, i s  not presently 
available a s  a means of dealing with the problem. 

Soil and Water Conservation Districts : Present 
legislation, Chapter 92 of the Wisconsin Statutes, 
authorizes the creation of soil and water conser- 
vation districts, the boundaries of which shall be 
coterminous with county lines. There exists such 
a district in each county of the Milwaukee River 
watershed. These districts, to date, have had a 
strong agricultural orientation; and in southeast- 
ern Wisconsin their efforts have been focused 
primarily on inducing individual farmers to use 
good soil management and conservation tech- 
niques. Respective county board agricultural 
committee members a re  ex officio the board of 
supervisors of the soil and water conservation 
districts. In general, these districts have con- 
ducted programs designed to encourage sound and 
proper land use and have been used by the Wis- 
consin Department of Natural Resources, the 
U. S. Soil Conservation Service, and the Uni- 

50 Wisconsin Statutes 66.30 (3m). 



versity of Wisconsin-Extension as  a vehicle for 
achieving good land use development objectives 
in rural  areas. Of major practical significance is 
the fact that these districts have no taxing, special 
assessment, o r  bonding power but are  completely 
dependent upon county funds and U. S. Depart- 
ment of Agriculture grants for financing. Federal 
grants under Public Law 83-566 can be obtained 
by such districts for the construction of flood 
control projects only i f  federal preconditions 
a re  met. If, however, any proposed flood control 
facilities within the Milwaukee River watershed 
can meet these requirements, these districts 
may serve a s  an agent for federal financing of 
the project. 

The State Soil Conservation Board, which oversees 
the activities of the county soil and water conser- 
vation districts, performs an important role with 
with respect to flood control. The Board must 
approve all local applications for federal grants 
for flood control projects under P. L. 83-566. In 
addition, the Board must approve all work plans 
in the State of Wisconsin for projects under the 
P. L. 83-566 program and sets the planning pri- 
orities for the U. S. Soil Conservation Service 
operation within the state. 

Town Sanitary Districts: Town sanitary districts 
organized pursuant to Section 60.30(1) of the Wis- 
consin Statutes are authorized to construct drain- 
age improvements. Such town sanitary districts 
may include portions of two o r  more towns but 
may not include any incorporated area at the time 
of their creation. 

Flood Control Boards: Chapter 87 of the Wiscon- 
sin Statutes makes provision for property owners 
living in a single drainage area, which may well 
involve more than a single municipal governmen- 
tal unit, to petition for the formulation of a flood 
control board for the sole purpose of effecting 
flood control measures. These measures may 
include the: 

. . . straightening, widening, deepening, 
altering, changing o r  the removing of 
obstructions from the course of any 
river,  watercourse, pond, lake, creek 
o r  natural stream, ditch, drain o r  sewer, 
and the concentration, diversion o r  divi- 
sion of the flow of water therein, the con- 
struction and maintenance o r  the removal 
of ditches, canals, levees, dikes, dams, 
sluices, revetments, reservoirs, hold- 

ing basins, f loodways, pumping stations, 
sewers and siphons, and any other works 
reasonably adapted o r  required to accom- 
plish the purposes of (this chapter). . . .5' 

Application for the creation of such a board 
must be made through the Department of Natu- 
ra l  Resources, which determines the need and 
engineering feasibility of the proposed projects. 
Boards created under this statutory chapter are  
empowered to raise monies by the levy of a spe- 
cial assessment against the benefited property 
owners. The Board i s  also empowered to deter- 
mine the benefits to be derived within each 
affected municipality. In addition, the Wiscon- 
sin Legislature, in Chapter 481, Laws of Wis- 
consin 1965, provided a more flexible financing 
procedure whereby flood control projects may 
be financed in whole o r  in part through funds 
received under agreements and contracts from 
municipalities, other governmental agencies, and 
other sources. In providing money for such pro- 
jects, municipalities may utilize the powers of 
special assessment, bonding, and taxation. The 
Legislature also provided in 1965 a special proce- 
dure whereby the Department of Natural Resources 
may order the creation of flood control boards 
(see Section 87.075 of the Wisconsin Statutes). 

The Milwaukee River watershed i s  unique in the 
Region in that a Milwaukee River Flood Control 
Board has been created in the watershed under 
Chapter 87 of the Wisconsin S t a t ~ t e s . ~ ~  The origi- 
nal petition to create such a board was filed by 
48 petitioners on March 12, 1964. After appro- 
priate hearings, the Wisconsin Public Service 
Commission, the regulatory agency then having 
jurisdiction over such matters, on August 27, 1964, 
ordered the matter to proceed and requested the 
Governor to appoint a Milwaukee River Flood 
Control Board to take charge of the construction, 
maintenance, and operation of the improvements 

Wisconsin Statutes 87.02. 

52~hapter 87 of the Wisconsin Statutes implies that the 
jurisdiction of aflood control board extends only to a particu- 
lar proposed flood control project on a named river. There 
is no provision in the Statutes which would clearly grant to 
such a flood control board, once established, jurisdiction over 
an entire watershed and thus make such a board responsible 
for additional flood control projects that may be required in 
the same watershed in future years. It is apparent that addi- 
tional legislation is needed to clarify this question by defining 
specific geographical jurisdictional areas for each flood con- 
trol board so created. 



proposed by the petitioners; namely, the construc- 
tion of a diversion channel from the Milwaukee 
River to Lake Michigan in the vicinity of the Vil- 
lage of Saukville and the Town of Port Washington. 
The Public Service Commission further found 
that the major part of the proposed improvement 
was to be Located in Ozaukee County and that the 
largest amount of property to be benefited was 
located in Milwaukee County. These latter find- 
ings were significant since Section 87.12(1) of the 
Wisconsin Statutes provides that one member of 
the three-member flood control board is to be 
certified by the board of supervisors of the county 
in which the major part of the proposed improve- 
ment i s  located; a second member is to be certi- 
fied by the board of supervisors of the county 
in which the largest amount of property to be 
benefited i s  located; and the third member i s  to 
be appointed by the Governor on his own motion, 
with the only restriction being that the member 
reside in the drainage area. 

Two of the three appointments to the Milwaukee 
River Flood Control Board were made effective 
December 30, 1964; namely, the member certi- 
fied by the Ozaukee County Board of Supervi- 
so r s  and the member appointed by the Governor 
on his own motion. Subsequently, on Septem- 
ber 26, 1968, a new member was appointed to 
replace the member appointed by the Governor 
on his own motion. The third appointment, to 
be certified by the Milwaukee County Board of 
Supervisors, has never been made. Members a r e  
appointed for a term of six years and until their 
successors a re  duly appointed. The Milwaukee 
River Flood Control Board, never being fully 
constituted, has never met; nor have any pro- 
posed flood control projects been undertaken. 
The two members appointed to the Board par- 
ticipated in the Milwaukee River watershed study 
through membership on the Milwaukee River 
Watershed Committee. 

County Drainage Boards and Drainage Districts: 
Chapter 88 of the Wisconsin Statutes authorizes 
the creation of drainage districts, under the con- 
trol of a county drainage board and with the con- 
sent of a county court, for the specific purpose 
of making areawide drainage improvements. Such 
districts may be composed of areas lying within 
more than one municipality and in more than one 
county. The costs of any drainage improvements 
a re  assessed against the lands that a re  speci- 
fically benefited. The State Soil Conservation 
Board must approve all contracts between federal 

agencies and drainage districts for the purpose 
of making areawide drainage improvements. It 
should be noted that, in view of the Wisconsin 
Supreme Court decision in the Fond du Lac metro- 
politan sewerage district case previously cited, 
the procedure for creating drainage districts 
through the county courts i s  now of questionable 
legality. 

As noted in Chapter 111 of this volume, there a re  
a total of eight legally established drainage dis- 
tricts in the Milwaukee River watershed. These 
districts are: Ozaukee County Drainage Districts, 
Numbers 1 (City of Mequon), 4 (City of Mequon), 
6 (Town of Cedarburg), 8 (Town of Port  Washing- 
ton), 10 (City of Mequon), 11 (Town of Cedarburg), 
and 12 (City of Mequon), and the Jackson-German- 
town Drainage District in the Towns of German- 
town 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. 

DEVELOPMENT AND OPERATION OF HARBORS 

The authority to develop and operate harbors and 
make harbor improvements is granted to every 
municipality in Wisconsin having navigable waters 
within o r  adjoining i ts  boundaries by Sections 30.30 
through 30.38 of the Wisconsin Statutes. Such 
authority may be exercised directly by the gov- 
erning body of the municipality o r  by a board of 
harbor commissioners created for that purpose, 
except that certain enumerated powers relating to 
the commercial aspects of harbor operation, such 
a s  the operation of publicly owned o r  leased wharf 
and terminal facilities, can only be exercised 
through a board of harbor commissioners. Boards 
of harbor commissioners a re  fiscally dependent 
upon the governing body of the municipality. 

Under the statutory authority, boards of harbor 
commissioners a re  authorized to create o r  im- 
prove any inner o r  outer harbor turning basins, 
slips, canals, and other waterways; to construct, 
maintain, o r  repair dock walls and shore protec- 
tion walls along any waterway adjoining o r  within 
the limits of the municipality; and to plan, con- 
struct, operate, and maintain docks, wharves, 
warehouses, piers, and related port facilities for 
the needs of commerce and shipping, including the 
handling of freight and passenger traffic between 
the waterways of the harbor and a i r  and land 



transportation terminals. Boards may acquire 
land, develop industrial sites, build service roads, 
and construct and enlarge harbor facilities. All 
plans for  harbor improvement projects , including 
the establishment of dock lines, must be approved 
by the governing body of the municipality. 

Boards of harbor commissioners may also serve 
a s  a regulatory and enforcement agency for  the 
municipality with respect to such harbor-related 
matters as  the movement of vessels, dock wall 
construction, and shoreline encroachment. In this 
respect it i s  important to note that boards of 
harbor commissioners can, to promote the public 
health, safety, o r  welfare o r  to eliminate dilapi- 
dation, blight, o r  obsolescence, determine by 
resolution that it i s  essential that dock walls o r  
shore protection walls be improved, altered, 
repaired, o r  extended. Property owners affected 
by such resolution can appeal the finding and 
order of the board to make improvements through 
the courts. Should the court eventually order the 
work to be performed, the property owner may 
elect to do the work o r  let the municipality do the 
work and assess the cost of such work to the 
property involved. 

The City of Milwaukee Common Council has acted 
to create a Board of Harbor Commissioners to 
exercise the authority set forth in Sections 30.30 
through 30.38 of the Wisconsin Statutes. The Board 
i s  composed of seven members, appointed by the 
Mayor for three-year terms, subject to confirma- 
tion by the Common Council. The Board retains 
i ts  own staff to carry  out i ts  activities, but i ts  
annual budget for operation and facility construc- 
tion i s  subject to approval of the Common Council. 
The geographic jurisdiction of the Milwaukee 
Board of Harbor Commissioners i s  not explicitly 
defined in the enabling legislation. The statutory 
language, however, implies that such jurisdiction 
extends to the inner and outer harbor areas plus 
all connected waterways navigable for commer- 
cial purposes. With respect to the Milwaukee 
River, this jurisdiction would extend from the 
harbor entrance upstream to the Humboldt Avenue 
Bridge, the first low-level fixed bridge on the 
lower river, located just downstream from the 
North Avenue Dam. 

SPECIFIC LEGAL CONSIDERATIONS 
AND INVENTORY FINDINGS IN THE 
MILWAUKEE RIVER WATERSHED 

Certain specific legal questions were raised as  
work on the Milwaukee River watershed study 

proceeded. These dealt with the backing of flood- 
waters into established agricultural drains, inter- 
basin water diversion, the storage of sewage in 
underground reservoirs, and private dams. In 
addition, inventories were conducted with respect 
to the issuance of permits for surface water 
withdrawal and high capacity wells; the estab- 
lishment of bulkhead lines; outstanding pollution 
abatement orders;  and the designation of official 
trout streams. 

Legal Implications of Temporarily Backing 
Floodwaters Into Agricultural Drains 
One type of water control facility being considered 
for incorporation in the comprehensive plan for 
the Milwaukee River watershed i s  the retention 
reservoir. While retention reservoirs sometimes 
provide a practical engineering approach to water 
control problems, the construction of such reser-  
voirs presents certain legal problems which must 
be recognized and considered before a final plan 
selection i s  made. One of these concerns the legal 
consequences of ponded water which may damage 
the improvements of drainage districts o r  nullify 
the effect of privately owned farmdrains and tiles. 
A drainage district would have a cause for action 
i f  i t  could prove injury resulting from the backing 
of floodwaters into i ts  drainage system. The legal 
remedy of damages can be employed even though 
the equitable remedy of injunction may not be 
available to prevent construction o r  use of reten- 
tion reservoirs. From the standpoint of expedi- 
ency and simplicity, the drainage district might 
negotiate the sale of a flowage right. If this i s  not 
feasible, an action can be brought by the drainage 
district each time that temporary flooding caus- 
ing provable damage occurs. If the damage i s  
permanent, that i s ,  constitutes a "taking," the 
drainage district can initiate inverse condemna- 
tion proceedings. 

The governmental unit considering construction 
of retention reservoirs seemingly has two ap- 
proaches available to it. One of these might be 
called "active." Here the purchase of a flowage 
right i s  sought o r  condemnation proceedings com- 
menced. An active approach has the advantage of 
doing today what might prove considerably more 
expensive if done at a later date. Furthermore, if 
any liability for damage appears imminent, it 
should be fixed and limited in advance, rather 
than left open and uncertain as  to amount. The 
other general approach i s  just the opposite, an 
"inactive" o r  wait-and-see attitude. No actual 
injury to drainage districts may ever occur. 
Thus, simply building the retention reservoirs 



without seeking to condemn land o r  acquire flow- 
age rights and dealing with any damage claims 
i f  and when they do arise may be the least costly 
and simplest way of proceeding. 

While the above discussion refers to individual 
drainage districts acting on behalf of their con- 
stituent interests, individual farmers are  in no 
way prevented from suing o r  acting on their own 
behalf either in law o r  in equity to preserve their 
interests in whatever drainage improvements they 
may have created on their lands. 

Interbasin Water Diversion 
One of the more important legalproblems in water 
resources planning concerns interbasin diversion. 
The traditional common law riparian doctrine, 
which for the most part is still in effect today, 
forbade the transfer of water between watersheds. 
This was regarded as  a non-riparian use of water. 
It must be recognized, however, that states, by 
legislative action, can and have created excep- 
tions to this general doctrine and that major 
inter-watershed diversions, such as the so-called 
Chicago diversion of water from the Lake Michi- 
gan-St. Lawrence River drainage basin to the 
Mississippi River drainage basin, have on occa- 
sion taken place. 

The problem of interbasin diversion was of sig- 
nificance in the Commission watershed studies 
for the Root and Fox Rivers, where alternative 
plan elements involved major interbasin water 
diversions. Such diversions are  not, however, 
expected to be a factor in the preparation of alter- 
native plan elements for the Milwaukee River 
watershed. One possible diversion would involve 
the construction of a floodwater diversion channel 
from the Milwaukee River to Lake Michigan in the 
vicinity of the Village of Saukville. Such a diver- 
sion, however, would not involve the transfer of 
water from the Lake Michigan-St. Lawrence River 
drainage basin to the Mississippi River drainage 
basin as in the case of the Chicago diversion noted 
above. The construction of such a floodwater 
diversion channel could, however, raise legal 
problems with respect to the riparian rights of 
landowners downstream from the channel location, 
a s  noted earlier in this chapter, under the dis- 
cussion relating to the riparian rights doctrine. 

Sewage Storage in Undermound Reservoirs 

storage of combined sewer overflows generated in 
the lower watershed in a mined storage reservoir 
constructed 200 to 300 feet below the land surface 
in the Niagara geologic group bedrock formations. 
An obvious concern, should this alternative be 
recommended for implementation, would be the 
effect of such temporary storage of sewage on the 
bedrock formations on ground water quality. By 

the Wisconsin Department of Natural 
Resources is charged with the responsibility of 
protecting, maintaining, and improving ground, as 
well as surface, water quality. The Department 
has formulated administrative rules governing the 
construction, operation, and maintenance of sew- 
erage and water supply systems, including a 
prohibition against the use of wells for the dis- 
posal of sewage.54 There is no specific rule, 
however, that applies directly to the question of 
the conveyance and temporary storage of sewage 
in underground reservoirs. Such conveyance and 
temporary storage would not differ substantially 
in concept from the construction of large sanitary 
trunk sewers in tunnel through the bedrock, such 
as  has been accomplished by the Milwaukee- 
Metropolitan Sewerage Commissions in the Mil- 
waukee area. Any such storage system, however, 
would have to be approved by the Wisconsin 
Department of Natural sesources and be so de- 
signed as  to eliminate any potential for aquifer 
contamination. 

Private Dams 
One of the specific problems encountered in 
watershed planning programs involves the dis - 
position of existing private dams. Such dams 
have created flowages o r  impoundments, and 
landowners whose lands abut the flowages have 
relied over a period of time on the artificial con- 
dition created by the dams. Often this reliance is 
evidenced by home and recreation facilities con- 
structed in close proximity to, and because of, 
the flowed water. The Wisconsin Supreme Court 
has recently stated the applicable law: 

If an artificial body of water is created, 
landowners incidentally benefited are  en- 
titled to injunctive relief to prevent dis- 
turbance of the new state of the water. 
Wisconsin prescriptive -rights cases in- 
volve proprietors of land which border 
bodies of water, who in some way relied 

One of the alternative stream water quality man- 
agement plan elements under consideration in the 
Milwaukee River watershed study is the temporary 

53 Wisconsin Statutes 144.025(1). 

5 4 ~ i s .  Adrn. Code, Chapter RD 12.12. 



on the new water level which was main- 
tained by another's dam. These cases 
hold that when the artificial level of the 
water is continued for a considerable 
period of time, usually twenty years, i t  
becomes a natural ~ o n d i t i o n . ~ ~  

So in cases where a dam created a flowage, which 
is now more than 20 years old, owners on the 
flowage seemingly are  able to compel the owner 
of the dam to continue to maintain it. 

A local unit of government o r  the state itself has 
only limited powers to compel the owners of pri- 
vate dams to maintain them. These powers a re  
based on some combination of arguments involving 
the preservation of public rights in the flowage 
created, public safety, health, and welfare o r ,  in 
some instances, the specific terms o r  inferences 
which may be found in dam permits issued pur- 
suant to statute by the Railroad Commission o r  i t s  
successors, the Public Service Commission and 
the Department of Natural Resources. 

Water Resource-Related Permits 
As noted earl ier  in this chapter, the Wiscon- 
sin Department of Natural Resources has broad 
authority under the Wisconsin Statutes to regulate 
the water resources of the state. An inventory 
was made under the Milwaukee River watershed 
study of all permits issued by the Department and 
predecessor agencies in the Milwaukee River 
watershed for  surface water withdrawal and high- 
capacity wells. 

Surface Water Withdrawal: Permits a re  required 
under Section 30.18 of the Wisconsin Statutes for 
surface water withdrawal when the withdrawn 
water i s  to be used for agricultural irrigation. 
In addition, under a broad interpretation of the 
statute, permits may be required for commercial 
irrigation, such a s  the watering of golf courses, 
parks, and cemeteries, and for  industrial uses. 
Permits a re  not required for domestic uses, such 
as  lawn and garden watering. A total of four per- 
mits have been issued in the Milwaukee River 
watershed for  the withdrawal of surface water 
under this statute (see Table 136). Special condi- 
tions attach to each of these permits and a re  
summarized in Table 136. It i s  important to note 
that an undetermined amount of water i s  with- 
drawn from the Milwaukee River stream system 
for nonagricultural purposes, not only by indus- 

55Tiedernan v. Middleton, 25 Wis. 2d 443 (1964). 

trial land uses but also by residential, recrea- 
tional, and institutional land uses for lawn and 
garden watering and other miscellaneous uses. 
This latter type of withdrawal may well be more 
significant than the former because of i t s  impact 
on low-flow conditions particularly in the head- 
water reaches of the streams in the watershed. 

High-Capacity Wells: Permits are  required for 
high-capacity wells, defined in Section 144.05(2)(e) 
of the Wisconsin Statutes as  a well o r  well field 
with facilities for withdrawal of water at a rate 
of 100,000 gallons a day (70 gallons per minute) 
o r  more. A total of 35 such permits have been 
issued in the watershed to date. These permits 
and their relevant conditions are  summarized in 
Table 137. 

Bulkhead Lines 
Municipalities a re  authorized by Section 30.11 of 
the Wisconsin Statutes to establish by ordinance 
bulkhead lines, subject to review and approval of 
the Wisconsin Department of Natural Resources. 
Bulkheads are  required to conform as  nearly a s  
practicable to existing shores and must be found 
by the Department of Natural Resources to be in 
the public interest. Bulkhead lines have been 
established by the City of Milwaukee for the entire 
length of the Milwaukee River from the harbor 
mouth to the North Avenue Dam, a distance of 
about 1.6 miles. These bulkhead lines are  shown 
on a series of maps reproduced in Appendix 0 of 
this volume. Bulkhead lines have also been estab- 
lished in the City of West Bend for a total distance 
of about 2.4 miles and in the City of Mequon for 
a distance of about 100 feet. Additional bulkhead 
lines have been proposed in the City of West Bend 
for a distance of about 0.7 mile and the City of 
Cedarburg for a distance of about 400 feet. These 
existing and proposed bulkhead lines a re  also 
shown on maps reproduced in Appendix 0. 

Pollution Abatement Orders 
An inventory was made of all outstanding pollu- 
tion abatement orders in the Milwaukee River 
watershed. Twenty-three such orders,  excluding 
amendments, have been issued a s  of February 27, 
1970, against polluters within the Milwaukee River 
watershed by the Wisconsin Department of Natural 
Resources, pursuant to Section 144.025(2)(d) of 
the Wisconsin Statutes (see Table 138). These 
orders were designed to ensure compliance with 
the recommendations of the federal Lake Michigan 
Enforcement Conference discussed earl ier  in this 
chapter. All five municipal sewage treatment 



S U R F A C E  WATER WlTHDHAWAL PEK M I T S  I N  T H t  X I L k A U K t E  R I V E R  W A T E R S H E D  

P E R M I T  
R E C I P I E N T  

* A L L A C E  E. FREUNO 

ROBERT M. LUOWlG 

HARVEY SIEGMAN 

PROPOSED 
PROJECT 

D I V E R T  WATER FROM THE 
MILWAUKEE R I V E R  I N  
SHEBOYGAN COUNTY FOR 
I R R l G A T l C N  

C I V E R T  M I T E R  FROM THE 
P I L Y A U K E E  R I V E R  I N  
hASHINGTCN COUNTY FOR 
I R R I G A T I C N  PURPOSES 

D I V E R T  WATER FROM THE 
P I L Y A U K E E  R l V E R  I N  THE 
TDYN OF GRLFTON. 
CZAUKEE COUNTY. FOR 
I R R I G A T I O N  

D I V E R T  WATER FROM 
1 k E  MILWAUKEE R I V E R  I N  
T H t  TCWN OF TRENTON, 
WASHINGTCN CCilNTY FOR 
I R R I G A T  I C N  PURPOSES. 

LOCAT I O N  

WEST L / *  OF S E C T I O N  1 9 s  
TOYN 1 3 1  NORTH. RANGE 
2 1  EAST A N 0  NORTH L I Z  
OF THE EAST I 1 2  OF THE 
NORTHWEST 1 1 4  O F  S E C T I O N  
30. TOWN 1 3 .  NORTH. 
RANGE 2 1  EAST. 

NORTH 1 1 2  OF THE NORTH 1 
1 1 2  OF THE NORTHEAST 1 1 4  
OF SECTION 2 1  TOWN 11 
NORTH, RANGE 1 9  EAST 

DATE 
P E R M I T  
GRANTED 

MARCH 9, 1 9 5 9  

LEGAL.  
AUTHORITY 

S E C T I C N  31 .14  OF T H E  
W I S C O N S I N  STATUTES 

MARCH 1 9 ,  1 9 5 9  S E C T I O N  31 .14  OF THE 
H I S C O N S I N  STATUTES 

S P E C I A L  CONDITIONS 

I. TO D I V E R T  WATER FROM T H E  MILWAUKEE R I V E R  TO 
B E  USEO ON THE T I L L A B L E  AREA OF THE FOLLCWING 
R I P A R I A N  LANDS CONSTITI.TINT. 4 5  ACPF<- . . - . . - . - 

EAST H A L F  OF THE SOUTHhEST QUARTER OF 
S E C T I O N  19 .  TOhN 1 3  NCRTH. RANGE 2 1  EAST. 

2. T O  D I V E R T  WATER AT A  M d X I M U M  RATE OF 7 0 0  
GALLONS A M I N U T E  OR 1 . 5 6  C U B I C  F E E T  A SECOND 
WHEN THE FLOW I N  THE M I L U A U K E E  R I V E R  I S  AT OR 
ABOVE 7.5 C U B I C  F E E T  A SECCND NEAR THE P C I N T  
OF O I V t R S I O N .  TO D I V E R T  NO h A T F R  UHFN T H F  . . .  
FLOW I S  L E S S  THAN 7.5 C U B I C  FEET A SECOND. 

3. ( A 1  I U A Y  1 AND OCTOBER 1 5 1  I 
ORDER 1 4 )  THAT NO O I V E R S I O N  S H A L L  TAKE PLACE 
D U R I N G  THE P E R I O D  WATER I S  B E I N G  O I V E R T E O  UhCER 
T H E  P R O V I S I O N S  OF THE P E R M I T  I S S U E D  TO HARCLC 
J. K R l E R  I N  OOCKET 2 - U P - 1 2 3 9 .  

1. TO D I V E R T  WATER FROM T H E  P l L h A U K E E  R I V E R  1 0  
BE USEO ON T H t  T I L L A B L E  AREA OF THE FOLLCWING 
R I P A R I A N  L A N D S  C O N S T l T b T l N G  2 3  ACRES- 

NORTH 1 1 2  OF THE NORTH 1 1 2  OF THE NORTHEIST 
1 1 4  OF S E C T I O N  2 r  T O h N  I 1  NORTH. RANGE 1 9  
ELST.  

2. TO D I V E R T  YATER A T  A  M A X I P U M  RATE OF 3 0 0  
GALLONS A M I N U T E  OR 0 . 6 7  C U B I C  F E E 1  A  SECOND 
YHEN FLOW I N  THE M I L W A U K E E  R l V E R  I S  AT OR 
ABOVE 10.0 C U B I C  F E E T  A SECCND AT YEST BEhD. 
TO D I V E R T  NO YATER Y H E h  FLOU I S  L E S S  THAN 10 .0  
C U B I C  FEET A SECOND. 

3. 1 1 1  I M A Y  1 AN0 OCTOBER 3 0 1  
4. 1 8 1  

11 5 4 1 0  WATER SHALL B E  U S t D  GNLY ON THE T I L L A B L E  
AREA. C O N S I S T I N G  OF 5 1  ACRES OF THE R I P A R I A N  
L A N 0  DESCRIBED I N  F l N O I h G  h0 .  2  ICOLUMh 3 1  
OR AS MAY OTHERWISE B E  P E R M I T T E D  BY CHAPTER 3 2  
LAWS OF 1 9 6 3 .  BUT NOT TC EXCEEO 3 0  ACRES 

NORTHWEST 1 1 4  OF S E C T I O N  
6, TOUN LO NORTH. RANGE 
2 2  EAST 

A P R I L  1 9 ,  1 9 6 5  1 S E C T I O N  3 0 . 1 1  OF 
TH€ k l S C O N S I a  
S T A T U T t S  

-~ ~ - -  

ANNUALLY. 
2. S A I D  WATER SHALL BE O I V E R T E O  CNLY DURING THE 

P E R I O D  B E T W t E N  MAY 1 5  AND SEPTEMBER 1 5  OF EACH 
YEAR TO I R R I G A T E  A H A X I H U M  OF 3 0  ACRES 
ANNUALLY. 

3 .  1.10 WATER SHALL BE O l V E R T E 0  FOR NOT T C  EXCEET 1 
2 7 0  HOURS I N  ANY ONE YEAR bNO AT A  MAX1MUV RATE 
OF 2 5 0  GALLUNS A M I N U T E  CR 0 .56  C U B I C  FELT A 
SECOND OR AT ANY LESSER RATE FOR A PROPOR- 
T I O N A T E L Y  LONGER T I M E  *HEN FLOW I N  THE M I L -  
HAUKEE R I V E R  AT THE L O C A T I C N  OF THF PROPOSED I 
O I V E R S I O N  I S  S U F F I C I E N T  TC PRCVIOE THE D I V E R -  
S I O N  AN0 HOLD A M I N I u U r  STAGE FCR T H t  PRC- 
T t C T l O N  OF P U B L I C  I N T E R E S T S  I N  THE STREAM. S A I D  
l 4 I N I M U M  S T A L E  MAY B E  O E T E R P I N E O  BY SUPPLEPENTAL I ORDER. I 

NORTHEAST I 1 4  OF THE 
NORTHYEST 1 1 4  OF SEC- 
T l C N  15. A N 0  GOVERN- 
MENT i o i  2  OF SEC- 
T I C N  15 .  TOUN 1 1  
NORTHI RANGE 2 0  
t A S T  

OCTOBER 2 1 .  

AND 
A P R I L  1 5 ,  1 9 6 6  

S E C T I O N  30 .10  CF THE 
W I S C O N S I N  STATUTES 

I SCORCE- WISCONSIN DEPARTMENT OF NATURAL RESOURCES AN0 SEHRPC. 

plants, serving a population of over 2,500 persons, 
a re  under orders to provide 85 percent removal 
of phosphorus; and all municipal sewage treatment 
plants within the watershed are  under orders to 
provide continuous chlorination facilities. One 
industry within the watershed i s  under orders to 
improve in-plant treatment of wastes, three indus- 
tries a re  under orders to connect to pubiic sew- 
erage systems, and five industries are under 
orders to provide more adequate final treatment 
of wastes (see Table 138). 

1. S A l O  WATER SHALL BE USEO CNLY CN THE T I L L A B L E  
AREA OF THE R I P A R I A N  L A N D  C O N S T I T U T I N G  5 0  
ACRES D E S C R l B k O  I N  F I N O I h G  NO. 2  ICOLUMN 3 1  
OR AS MAY O T H t R U l S E  B E  P E R V I T T E D  DY 
S t C T l O N  30 .18151 .  STATUIES.  

2. S A I D  VATER SHALL B E  D I V E R T E D  ONLY DURING TWE 
P E R I O D  BETWtEN U A l  1 A h 0  OCTOBER 1 OF EACL 
YtAR.  

3. S A I D  YATER SHALL BE D I V E R T E D  FOR NOT TO EX- 
CEED 4 2 6  HOURS I N  ANY CNE Y t A R  A N 0  AT A  P A X I -  
NU* R A T E  OF 1.000 G A L L O N S  4  M I N U T E  OR 2 .23  
C U B I C  FEET A SECOND OR AT ANY LESSER RATE FCR 
A P R O P O R T l O N A l E L Y  LONGER T I M E  WHEN FLOW I N  
THE M I L U A U K E E  R I V E R  AT THE L O C A T I O N  OF THE 
PIOPOSEO D I V E R S I O N  I S  S U F F I C I E N T  TO P R O V I D E  
THE D I V E R S I O N  AN0 HOLD A P I N I P U M  STAGE FCR 
THE PROTECTION OF P U B L I C  I N T E R E S T S  I N  THE 
STREAM- S A I D  M I N I M U M  STLGE YAY B E  D E T E R L I N E D  
BY SUPPLEMENTAL ORDER. 

R E V I S E D  2. THE D I V E R S I O N  P E R 1 0 0  WAS EXTENOEC 
FROM A P R I L  1 5  TO OCTOBER 1 BY PER- 
M I T  GRANTEO A P R I L  5 ,  1 9 6 6 .  

Trout Streams 
Section 30.18 of the Wisconsin Statutes, dealing 
with permits for diversion of water for agricul- 
tural and irrigation purposes, provides for spe- 
cial consideration in the issuance of such permits 
which would divert water from officially desig- 
nated trout streams. Upon annual review the 
Department of Natural Resources may revoke 
permits issued on such streams if i t  finds that 
continued withdrawal would be detrimental to the 
maintenance of a trout fishery. There a re  five 
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PERMIT  
R E C I P I E N T  

C A L I F O R N I A  CANNERS 
I N 0  GROWERS 

L L l C U  I C E  CREAM CO. 

JCHh CSTER MFG. CO. 

JCSEPl l  S C H L I T Z  
8 R E W l h 6  CC. 

A. F. GALLUN A N 0  
SLN$ CCRP. 

V I L H I U K E E  GEAR CD. 

S H E l O O h  THOMAS 
CCRP. 

* € I S E L  & CO. 

h l C O L E T  H l G H  SCHCOL 

G R A Y V I L L E  H l G H  
SCHCOL 

CUTBCPRO MARINE CC. 

SCLARE C CO. 

BAYSIDE-FOX P O I N T  
SCHCCL D l S T R l C T  

NEhPORT E X E C L T I V E  
HOUSE. INC. 

V ILWAUKEE CCUNTRV 
CLUB 

S ICNEY KOHL 

HLBERT A. N l E R I N  
L CO. 

FROYP ORCHARDS 

named streams in the Milwaukee River watershed 
that a r e  officially designated a s  trout streams? 
Lake Fifteen Creek in Fond du Lac County and 
Gooseville Creek, Melius Creek, Nichols Creek, 
and Watercress Creek in Sheboygan County (see 
Map 60). 

SUMMARY 

WELL LOCATION 

NE 1 1 4 .  S t C .  3  
1 1 3 N 1  R 1 7 E  
OCDGt  COUNTY 
N Y  1 1 4 .  SEC. 9  
T I N .  R 2 2 E  
P I L U A U K E E  CNTY 
SY 1 1 4 ,  SEC.32 
TBNI R 2 2 E  
P ILWAUKEE CNTY 
SE 1 1 4 .  S E C - 1 0  
T7N. R 2 2 E  
Y ILWPUKEE CNTY 
NU 1 1 4 .  S t C . 2 1  
T I N ,  R 2 2 E  
M I L W A U K t t  CNTY 
NE 114 .  SEC.32 
T8N. R 2 7 E  
MILWAUKEE CNTV 
SE L l 4 r  SEC.29 
T 8 N s  R 2 2 E  
V ILWAUKEE C N l Y  
NE 1 1 4 ,  S E C - 2 1  
1 7 N 1  R 2 2 E  
MILWAUKEE CNTY 
SE 1 / 4 9  SEC.20 
TBN, R 2 2 E  
V I L H A U K E E  CNTY 
NY 1 1 4 .  SEC.14 
T8N. R 2 1 E  
H I L H A U U E E  CNTY 
NE 1 1 4 ,  SEC.27 
TON. R 2 1 E  
MILWAUKEE CNTY 
NE 1 1 4 .  SEC.24 
T0N. R 2 l E  
P l L U A U K E E  C N l Y  
NU 1 / 4 .  SEC. 9  
T8N l  R22E 
MILHAUKEE LNTY 
S F  1 1 4 .  S E C - 2 1  
T7h .  R 2 2 E  
Y I L Y A U K E t  CNTY 
SE 1 1 4 .  S t C -  7  
T8N, R 2 2 E  
M l L Y A U K t E  C N I Y  
SE 1 / 4 #  SkC. 3  
T8N. R 2 l E  
P I L Y A U K E E  CNTY 
S t  114 .  SEC.27 
T l U N r  R 2 l t  
O Z L U K E t  COU'ITY 
S t  1 1 4 .  S t C .  2  
T9N. R 2 L E  
OLAUKEE CbUNTY 

This chapter has described in summary form 
the legal framework within which comprehensive 
watershed planning and plan implementation must 
take place in southeastern Wisconsin. The salient 
findings having particular importance for plan- 
ning in the Milwaukee River watershed include 
the following. 

Water law i s  not a simple o r  fixed body of law. 
It has historical roots which reach back beyond 
the common law. The traditional riparian doc- 
trine was early modified to include principles of 
reasonable use and, more recently, state permit 
systems. Renewed recognition of public water 

TYPE OF 
USE 

I V C U S T R I A L  

I Y D U S T R l A L  

I N D U S T R I A L  

I N C U S T R I A L  

I I<OUSTRIAL  

I N O U S T R I I L  

COMMERCIAL 

I N D U S T R I A L  

MISCELLANEOUS 

HISCELLANFOUS 

I N O U S T R I P L  

I N D U S T R I A L  

MISCELLANEOUS 

MISCELLANEOUS 

I R R I G A T I O N  

MISCELLANEOUS 

I N D U S T R I A L  

I R R I G A T I O N  

56  isc cons in Trout Streams, Publication 213-69, Wisconsin 
Department of Natural Resources. 

rights, state and local regulative activities, and 
federal regulations have further altered relation- 
ships between individuals and between individuals 
and government a s  they relate to water. The field 
of water law has never been in a greater and more 
constant state of change and development than i t  
i s  today. 

For  purposes of flood control, flood-damage pre- 
vention, and proper use of the riverine environ- 
ment, a stream valley can be divided into three 
main sectors: the channel, defined a s  that portion 
of the floodlands normally occupied by a stream 
of water under average annual high-water flow 
conditions ; the floodway, defined as  that portion 
of the floodlands, including the channel, required 
to carry and discharge the 100-year recurrence 
interval flood; and the floodplain, defined a s  that 
portion of the floodlands, excluding the floodway, 
subject to inundation by the 100-year recurrence 
interval flood. 

AUTHORIZE0 
PUYPAGE 

1 .C49 .400  CPO 

3 1 7  6PM 

70,COO LPU 

2.440,OCO GPO 

364.COO GPO 

4 9 . 1 5 0  GPD 

1 5 0 , 0 0 0  GPO 

144 .C00  GPO 

45.CCO GPD 

2O.COO GPD 

2 9 6 r C 0 0  GPD 

1 5 0 , 0 0 0  GPU 

2 8 1 1 0 0  GPO 

1 8  MGPY 

2 8 8 . 0 0 0  GPO 

6 2 5  GP* 

2 5 0  GPP 

3 0 0 v C 0 0  GPS 

In the State Water Resources Act of 1965, the Wis- 
consin Legislature recognized the need to encour- 
age the regulation of shoreland and floodland 
development. The Wisconsin Department of Natu- 

DATE OF 
APPRUVAL 

1 / 1 7 / 6 8  

1 1 / 2 3 / 4 9  

1 1 / 1 3 / 5 0  

1 1 1 5 1 5 2  

6 1  4 / 5 2  

3 / 1 1 / 5 3  

1 2 / 1 1 / 5 3  

1 0 1 1 5 I 5 4  

3 1  1 1 5 5  

7 1 2 8 1 5 5  

4 l l l l 5 6  

6 / 1 8 / 5 6  

4 / 2 9 / 5 1  

7 / 1 7 / 5 9  

1 1 / 2 7 / 6 3  

7 / 2 5 / 6 9  

2 1  1 1 4 6  

2 1 2 6 1 4 6  

P t R M l T  
R E C l P l t N T  

LAKESHIRE-MARTY CU. 

SCHOOL S I S T E R S  OF 
NOTRE DAHC 

PEOUON-THI€YSVILLE 
SCHCOL D I S T R I C T  NO. 1 

W l S C C N S l N  LUTHERAN 
S L V I N A R Y  

OLAUKEE CbUNTRY 
CLUB 

HAROLO hAHV 

NCRTH SHORt  ESTATES, 
INC. 

KRAMER-URBAN. INC.  

HEPUUN COLLNY ESTATCSI 
I hC. 

KOHL 'S  FCOU STORES 

WtSTERN CONOENSINC CO. 

L I B B Y .  M C N f I L L  C L I B B Y  

L I N E  MATERIALS 
I H D U S T K l t S  

I k C .  
S T O L P t R  INOUSTRIES. 

CEDAH L A K t  HOME FOR 
THC AGEO 

U t S T  8 t h O  COUNTRY CLUB 

RORERT H. G l E R I N G t R  
C SONS 

WELL LOCATION 

S E  1 1 4 .  SEC. 2 6  

T l Z N .  OZAUKEE R 2 l E  COUNTY 
S E  1 1 4 .  SEC. 8  
T9N. R 2 2 E  
OZAUKEE COUNTY 
S t  1 1 4 ,  SEC.33 
T9N. R Z l E  
O Z A U K E t  COUNTY 
NE 1 / 4 1  SEC. 2 2  
T9N. R Z l E  
O Z A U K E t  COUNTY 
N E  1 1 4 .  SEC. 2 6  
T9N. R 2 l t  
O Z b U K E t  COUNTY 
SE 114 .  SEL. 3 4  
T9N. R 2 l t  
ULAUKEE CUUNTY 
N E  1 1 4 .  SEC. 3 6  
T9N. R Z l E  
OZAUKEE COUNTY 
SE 1 1 4 ,  SEC. 3 2  
TYN. RZLC 
O Z A U K E t  COUNTY 
S t  1 / 4 1  S t C .  7  
T9N. R 2 2 E  
OZAUKEE COUNTY 
NH 114 .  StC. 2 9  
T9N. R 2 2 E  
UZAUKEE COUNTY 
SU 1 / 4 9  SEC. 1 
1 1 3 N v  K 2 1 E  
SHEBOYGAN COUNTY 
NU 114 .  SEC. 2 0  
T ION.  R2OE 
U A S H I N L T U N  CNTY 
SE 1 1 4 .  S tC .  2  
T I I N .  R 1 9 t  
WASHLYGTON CYTY 

T ION.  RZOE 
SE 114 .  SEC. I d  

HASHINCTON CNTY 
SE 1 1 4 .  SEC. 1 7  
TL IN I  K 1 9 E  
UASHINGTON CNTY 
SE 1 1 4 ,  SEC. 2 1  
T I I N .  K 1 9 C  
WASHINGTON CNTY 
SE 1 1 4 .  SEC. 3  
T l Z N ,  R I Y E  
HPSHLNGTON CNTY 

C A l E  OF 
APPRGVPL 

8 / 2 7 / 4 6  

6 1 1 0 1 5 7  

1 0 / 2 1 / 5 8  

9 1  6 1 6 0  

1 0 / 2 7 / 6 0  

4 / 1 5 / 6 3  

8 / 2 6 / 6 4  

1 0 1  6 / 6 4  

6 / 2 9 / 6 6  

l l l 2 1 1 6 8  

2 1 1 5 1 4 6  

1 2 1  6 / 4 7  

1 0 1 2 0 1 5 8  

6 1  8 / 6 7  

2 / 2 6 / 6 8  

3 / 2 6 / 6 6  

9 1  4 / 6 8  

TYPE OF 
USE 

I N D U S T R I A L  

H I S C E L L A N E O b S  

M l S C E L L A N E C b S  

H I S C E L L A N E O L S  

M I S C E L L A N L G L S  

L R R l G A T l O h  

I R R l G A T l O h  

I N D U S T R I A L  

M I S C E L L A N E C L S  

COMMERCIAL 

I N D U S T R I A L  

I N D U S T R I A L  

I N D U S T R I A L  

I N D U S T R I A L  

M l S C E L L A N l C U S  

M l S C t L L A N t C U S  

I R R I G A T I O N  

A U T H O R l L t D  
PUPPAGE 

3 0 . 0 0 0  GPO 

8 7 . 0 0 0  GPC 

1 8 . 0 0 0  GPC 

6 0 , 0 0 0  GPO 

3 2 9 , 3 0 0  GPO 

1 7 1 . 0 0 0  GPC 

96,OCO GPC 

2 4 . 0 0 0  GPD 

2 5 . 0 0 0  GPO 

6 0 . 0 0 0  GPC 

1 . L 0 0 . 0 0 0  GPC 

3 1 5 , 0 0 0  L P C  

7 5 0 . 0 0 0  GPO 

48 .000  GPC 

2 2 . 5 0 0  GPO 

1 8 . 0 0 0  GPC 

9 7 5 . 0 0 0  CPD 



P O L L U T I O N  A H A T E P E N T  ORDERS 
IN T H E  M I L d A U K E E  R I V E R  NATERSHED-  1970 

V I L L A G E  OF AOELL 

ORDER R E C l P I E h T  

BADGER WORSTED M I L L S .  INC. 
( V I L L A G E  OF GRAFTONI  

V I L L A G E  OF CAMPBELLSPORl 

MIS .  ONR 
OROER NUMMER 

C I T Y  OF CEDARBURG 

DESOTO C H E M I C A L  COATINGS. 
INC. ( V I L L A G E  CF F R E D O N I A I  

FEDERAL FOODS. INC. 
( V I L L A G E  OF T H I E N S V I L L E I  

FOREMOST FOODSt INC. 
( V I L L A G E  OF A O E L L I  

V I L L A G E  OF FREOONIA  

CATE OF ORDER 

V I L L A G E  OF GRAFTON 

SUMMARY OF ORDER 

V I L L A G E  OF JACKSON 

V I L L A G E  OF KEWASKUM 

K I E K H A E F E R  CORPORATION 
( C I T Y  OF CEDARBURG) 

THE K R I E R  P R E S E R V I h G  CCMPANY 
( V I L L A G E  OF RANDOM L A K E )  

L I N E  M A T E R I A L  I N D U S T R I E S  
( C I T Y  OF WEST B E N 0 1  

C I T Y  OF MEOUON 

METROPCLITAN SEWERAGE 
D I S T R I C T  OF MILWAUKEE 
COUNTY I I N C L U O E S  
C U N I C I P h L l T I E S  SERVE0 
BY D I S T R I C T 1  

NEWBURG S A N I T A R Y  D I S T R I C T  

V I L L A G E  OF RANDOM L A K E  

R I V E R  ROAD CHEESE FACTORY 
( V I L L A G E  OF F R E O O N I A I  

V I L L A G E  OF S A U K V I L L E  

V I L L A G E  OF T H I E N S V I L L E  

C I T Y  OF WEST BEN0 

THE WEST BEND COMPANY 
( C I T Y  OF WEST BEND)  

JUNE 12 ,  1 9 6 8  
FEE. 27.  1 9 7 0  

JUNE 12.  1 9 6 8  

JUNE 12,  1 9 6 8  
FEB. 27.  1 9 7 0  

JUNE 12. 1 9 6 8  
FEB. 27 .  1 9 7 0  

JUNE 12. 1 9 6 8  

JUNE 12 .  1 9 6 8  
FEE. 27. 1 9 7 0  

JUNE 12.  1 9 6 8  
FEE. 2 7 .  1 9 7 0  

JUNE 12. 1 9 6 8  
FEE. 27 .  1 9 7 0  

JUNE 12.  1 9 6 8  
FEE. 2 7 1  1 9 7 0  

JUNE 1 2 1  1 9 6 8  
FEE. 2 7 1  1 9 7 0  

JUNE 1 2 1  1 9 6 8  

FEE. 2 7 .  1 9 7 0  

JUNE 12. 1 9 6 8  

FEE. 27 ,  1 9 7 0  

JUNE 1 2 9  1 9 6 8  

JUNE 1 2 1  1 9 6 8  

JUNE 12. 1 9 6 8  

JUNE 12.  1 9 6 8  

JUNE 1 2 1  1 9 6 8  
FEE. 2 7 .  1 9 7 0  

J U N E  12 .  1 9 6 8  

JUNE 12. 1 9 6 8  
FEE. 27.  1 9 7 0  

JUNE 12. 1 9 6 8  

FEB. 27 .  1 9 7 0  

JUNE 12. 1 9 6 8  
FEE. 27 .  1 9 7 0  

JUNE 12 .  1 9 6 8  

EFFLUENT D I S I N F E C T I O N ;  REMOVAL OF 8 0  PERCENT OF PHOSPHORUS. 
EFFLUENT D I S I N F E C T I O N ;  U T I L I Z A T I O N  OF H O L D I N G  PONO- 

CONNECTION TO V I L L A G E  OF GRAFTON SEWERAGE SYSTEM. 

REMOVAL OF 8 0  PERCENT OF TOTAL PHOSPHORUS. 
SEPARATION OF A L L  CLEAR UATER FROM T h E  SANITARY SEWERAGE SYSTEM; 
E L I M I N A I I O N  OF A L L  SEWAGE BYPASS OUTLETS-  

EFFLUENT D I S I N F E C T I O N ;  REMOVAL OF 8 0  PERCENT OF PHOSPHORUS. 
REMOVAL OF 8 5  PERCENT OF AkNUAL AVERAGE PHOSPHORUS- 

CONSTRUCT ADEQUATE TREATMENT F A C I L I T I E S  FUR I N D U S T R I A L  WASTES. 

CONSIRUCT ADEQUATE TREATMEhT F A C I L I T I E S  FUR I N O U S I K I A L  WASTE$. 
COhSTRUCT AOEQUATE TREATMENT F A C I L I T I E S  F b R  I L O U S T R I A L  LvASTES, 

CONSTRUCT ADEQUATE TREATMENT F A C I L I T I E S  FOR I N D U S T R I A L  WASTES. 
CONSTRUCT ADEQUATE TREATMENT F A C I L I T I E S  FUR I N D U S T R I A L  WASTES. 

EFFLUENT D I S I N F E C T I O N ;  REMOVAL OF 8 0  PERCENT OF TOTAL PHOSPHORUS. 
EFFLUENT D I S I N F E C T I O N .  

EFFLUENT O I S I N F E C T I O N ;  REMOVAL OF 8 0  PERCENT OF TOTAL PHOSPHORUS- 
EFFLUENT D I S I N F E C T I O N ;  SEPARATION OF CLEAR WATER E N T R I E S  TO THE S A N I -  
T A R Y  SEWERAGE SYSTEM AND/OR CCNSTRUCT ADEQUATE TREATMENT FACILITIES; 
REMOVAL OF A M I N I M U M  OF 8 5  PERCENT OF THE AVERAGE ANNUAL TOTAL PHOS- 
PHORUS; E L I M I N A T I O N  OF A L L  BYPASS OUTLETS. 

EFFLUENT O I S I N F E C T I O N ;  REMOVAL OF 8 0  PERCENT OF TOTAL PHOSPHORUS- 
EFFLUENT O I S I N F E C T I O N .  

E L I M I N A T I O N  OF WASTE D ISCHARGES TO THE STORM SEWERAGE SYSTEM; EFFLUENT 
O l S I N F E C T I O N i  REMOVAL OF 8 0  PERCENT OF TOTAL PHOSPHORUS. 
EFFLUENT O I S I N F E C T I O N ;  PREVENT THE OISCHARbE OF I N D U S T R I A L  WASTES I N T O  
THE STORM SEWERAGE SYSTEM. 

CONSTRUCTION OF I N - P L A N T  F A C I L I T I E S  FOR SEPARATION OF U I L  AND GASOLINE 
WASTES. 
E L I M I N A T E  THE OISCHARGE OF O I L  AN0  WASTES FROM THE COOLING WATtR L I N E  
A T  THE D I E - C A S T  PLANT; E L I M I N A T E  THE OISCHARGE OF COLORED M A T E R I A L  FROM 
THE ASSEMBLY PLANT. 

CONSTRUCT ADEQUATE TREATMENT F A C I L I T I E S  FOR I N D U S T R I A L  WASTES. 

CONNECTION TO C I T Y  OF WEST BEND SEWERAGE SYSTEM. 

CONNECTION OF THE LAC DU COURS AND V I L L E  OU PARC S U B D I V I S I O N S  TO THE 
MILWAUKEE M E I R O P O L I T A N  SEWERAGE D I S T R I C T -  

EFFLUENT O I S I N F E C T I O N  AN0 REMOVAL OF NOT L E S S  THAN 8 5  PERCENT OF TOTAL 
PHOSPHORUS BE PROVIDED AT BOTH THE JONES I S L A N D  AN0 SOUTH SHORE TREAT- 
MENT PLANTS; CONNECTION OF THE NEW DEAL PLANT SEWAGE TO THE SOUTH SHORE 
PLANT; THAT THE C I T I E S  OF CUOAHY. GLENDALE. MILWAUKEE*  OAK CREEKv 
R I V E R  H I L L S ,  ST. F R A N C I S ,  WAUWATOSA. AND WEST A L L I S  AN0 THE V I L L A G E S  
OF BAYSIDE,  BROWN DEER. FOX P O I N T ,  SHOREWOODt WEST MILWAUKEE. AND 
W H I T E F I S H  BAY CONTINUE T H E I R  PROGRAMS FOR E L I M I N A T I N G  OR T R E A T I N G  THE 
SEWAGE DISCHARGED TO SURFACE WATERS W I T H I N  MILWAUKEE COUNTY AND THE 
REDUCTION AN0 CONTROL OF CLEAR WATER REACHING S A N I T A R Y *  MAIN .  AND 
I N T E R C E P T I N G  SEWERS- 

REMOVAL OF 8 0  PERCENT OF TOTAL PHOSPHORUS. 

EFFLUENT D I S I N F E C T I O N ;  REMOVAL OF 8 0  PERCENT OF TOTAL PHOSPHURUS- 
EFFLUENT D I S I N F E C T I O N .  

CONSTRUCT ADEQUATE TREATMENT F A C I L I T I E S  FOR I N D U S T R I A L  WASTES. 

EFFLUENT D I S I N F E C T I O N ;  REMOVAL OF 8 0  PERCENT OF TOTAL PHOSPHURUS- 
EFFLUENT O I S I N F E C T I O N -  

EFFLUENT D I S I N F E C T I O N ;  REMOVAL OF 8 0  PERCENT OF TOTAL PHOSPHORUS; EX- 
CLUDE CLEAR WATER FROM THE SANITARY SEWERS OR CONSTRUCT AOEQUATE TREAT- 
MENT F A C I L I T I E S  TO TREAT A L L  WASTES AND WATERS TRIBUTARY TU THC 
SEWERAGE SYSTEM. 
EFFLUENT O I S I N F E C T I O N ;  E L I M I N A T E  CLEAR WATER E N T R I E S  TO THE SANITARY 
SEWERAGE SYSTEM AND/OR P R O V I D E  AOEGUATE TREATMENT F A C I L I T I E S  COR A L L  
WASTE LOADINGS; REMOVAL OF 8 5  PERCENT OF TOTAL PHOSPHORUS; E L I M I N A T E  
A L L  BYPASS OUTLETS-  

REMOVAL OF 8 0  PERCENT OF TGTAL PHCSPHORUS- 
REMOVAL OF 8 5  PERCENT OF THE TOTAL PHOSPHORUS; COMPLETE CLEAR WATER 
E X C L U S I O N  AND/OR PROVIDE AOEGUATE TREATMENT OF A L L  WASTE LUAUS. 

CONNECTION OF U T E N S I L  WASHING WASTt  WATERS TO THE C I T Y  OF WEST BEN0 
SEWERAGE SYSTEM. 

SOURCE- WISCONSIN OEPARTMEkT OF NATURAL RESOURCES AND SEWRPC. 



r a l  Resources is now empowered to enact flood- 
plain regulations and apply them locally where 
counties, cities, villages, and towns do not effec- 
tively so  regulate. Local governments have a 
variety of regulatory devices available to control 
floodland development. These include zoning 
ordinances, including zoning districts and special 
floodland regulations; land subdivision controls; 
building codes ; sanitary codes ; and extraterri- 
torial zoning powers. 

State-level responsibility for water resources i s  
now concentrated in the Wisconsin Department of 
Natural Resources. In August 1966 the Wisconsin 
Legislature transferred all water quality functions 
of the former State Board of Health and the now 
defunct State Committee on Water Pollution to 
the Department. In addition, all water regulatory 
functions of the Public Service Commission were 
transferred to the Department. As a result the 
Department of Natural Resources is now charged 
with nearly all the responsibility for the protec- 
tion and preservation of shorelands and water 
quality in the state. The only other state agency 
with responsibility in this area is the Division of 
Health, which retains supervision over the instal- 
lation and placement of private septic tank sewage 
disposal systems. 

The State Soil Conservation Board, which over- 
sees the activities of the county soil and water 
conservation districts, performs a particularly 
important role with respect to flood control. The 
Board must approve all local applications for 
federal grants for flood control projects under 
Public Law 83-566. In addition, the Board must 
approve all work plans in the State of Wisconsin 
for projects under the Public Law 83-566 pro- 
gram and sets  the planning priorities fo r  the 
U. S. Soil Conservation Service operation within 
the state. Finally, the Board must approve all 
contracts between federal agencies and drainage 
districts for the purpose of making areawide 
drainage improvements. 

Local governments have been specifically author- 
ized and required by the Wisconsin Legislature 
to enact special shoreland and floodland regula- 
tions designed to protect the water quality of 
navigable streams. Shorelands a re  defined a s  all 
that area lying within the following distances from 
the normal high-water elevation of all natural 
lakes and of all streams, ponds, sloughs, flow- 
ages, and other waters which a re  navigable under 
the laws of the State of Wisconsin: 1,000 feet from 
the shoreline of a lake, pond, flowage, o r  glacial 

pothole lake and 300 feet from the shoreline oi 
a stream o r  to the landward side of the floodplain, 
whichever is greater. 

Counties in Wisconsin a r e  now required to enact 
such special shoreland regulations in their unin- 
corporated areas. Cities and villages a re  per- 
mitted, but not required, to enact shoreland regu- 
lations within their corporate boundaries. Such 
county regulations a re  not subject to town board 
approval. Shoreland regulations include special 
zoning regulations, subdivision controls, and sani- 
tary ordinances. 

As evidenced by the enactment of the State of Wis- 
consin Water Resources Act of 1965, pollution 
control and maintenance of water quality standards 
are  problems of growing importance. Many more 
tools exist than a r e  presently being used to con- 
trol pollution. The State of Wisconsin, Metropoli- 
tan Sewerage District of the County of Milwaukee, 
town sanitary districts, local units of government, 
and private individuals acting through the courts 
each have powers to exercise in an effort to con- 
trol pollution, powers which heretofore have been 
used only sparingly and with caution. The Federal 
Government has entered this field and has more 
forcefully dealt with the problem of pollution. In 
particular, the recommendations of the Lake 
Michigan Enforcement Conference, called by the 
U. S. Secretary of the Interior, dealing with phos- 
phorus removal, effluent chlorination, and area- 
wide sewerage systems have great significance 
for the Milwaukee River watershed study. The 
Regional Planning Commission itself can act a s  
a research, liaison, and coordinating body to effect 
pollution control and desired water quality stand- 
ards within the Region and i ts  component water- 
sheds, such as  the Milwaukee River. 

Flood control facilities may be constructed in 
the Milwaukee River watershed either through 
cooperative action by contract of the local munici- 
palities o r  by the use of special-purpose dis- 
tricts. A comprehensive r iver basin district, 
which could have broad authority for implementing 
an areawide water control facility plan, i s  not 
presently permitted under the Wisconsin Statutes. 
Flood control boards, oriented toward a particular 
improvement, are authorized under Chapter 87 of 
the Wisconsin Statutes. Such a flood control board 
has been organized for the Milwaukee River, but 
all appointments have not been made nor has the 
Board ever met and organized. The authority of 
such a board to operate and maintain flood control 
works throughout an entire watershed is unclear. 
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There i s  little likelihood that the erection of 
retention reservoirs as a means of controlling 
flooding along the stream by holding peak runoffs 
will present serious legal problems. Some drain- 
age districts o r  individual farmlands may be 
affected (damaged); but they can be suitably dealt 
with either before the dams and reservoirs a re  
built, by means of purchasing flowage rights o r  
condemning the necessary land, o r  after the dams 
and reservoirs are  operational by settling with 
each claimant as ,  i f ,  and when he comes forward. 

The maintenance of private dams built along 
streams within Wisconsin is best attained by those 
riparians who have relied upon the existing flow- 
age created by the dams, in that they have con- 
structed housing o r  recreational facilities in close 
proximity to the water's edge. Local govern- 
mental units o r  the state have only limited powers 
to compel such upkeep; and these powers must 
be based on some aspect of public rights in the 
flowage of the preservation of health, safety, 
and welfare. 



Chapter XVI 

SUMMARY 

STUDY ORGANIZATION AND PURPOSE 

The Milwaukee River watershed study, which 
resulted in the preparation of this report ,  i s  the 
third comprehensive watershed planning program 
to be undertaken by the Southeastern Wisconsin 
Regional Planning Commission. It i s ,  however, 
the f i r s t  such study to be conducted by the Com- 
mission for  a watershed planning area ,  significant 
portions of which lie within Wisconsin but out- 
side the boundaries of the Southeastern Wisconsin 
Region. Approximately 264 square miles, o r  
38 percent, of the approximately 694 square mile 
Milwaukee River watershed a re  located beyond 
the jurisdictional boundaries of the seven-county 
Southeastern Wisconsin Planning Region, primar- 
ily in Fond du Lac and Sheboygan Counties, with a 
very small portion of the watershed being located 
in Dodge County. Consequently, Fond du Lac and 
Sheboygan Counties were requested and did join in 
the watershed study, along with Milwaukee, Ozau- 
kee, and Washington Counties within the South- 
eastern Wisconsin Planning Region. 

The entire Milwaukee River watershed, from its 
headwater a rea  in Fond du Lac and Sheboygan 
Counties to i ts  outlet into Lake Michigan in the 
City of Milwaukee, was thus included in the com- 
prehensive watershed planning program. Because 
the delineation of watersheds a s  rational planning 
areas  must recognize not only the natural and 
man-made topographic features influencing a tech- 
nologically sound watershed operation but also the 
existence of a significant community of interest 
through which the active participation of local 
officials and citizen leaders in the planning effort 
can be obtained, the Menomonee and Kinnickinnic 
River basins were not, for the purposes of the 
watershed study, considered to be a part  of the 
Milwaukee River watershed. The Menomonee and 
Kinnickinnic Rivers join the Milwaukee River in 
i ts  estuary portion and do so  virtually at the Lake 

Michigan shoreline. Any attempt to relate the 
water resource problems of the Menomonee and 
Kinnickinnic River basins to those of the Milwau- 
kee River basin would, therefore, be tenuous even 
from a purely physical standpoint. More impor- 
tantly, however, the promotion of a single com- 
munity of interest throughout all three of these 

r iver  basins would be most difficult, for  the res i -  
dents 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, a s  defined herein. The 
planning a rea  chosen for  the Milwaukee River 
watershed study thus excluded about 19 percent of 
the combined 856 square mile drainage area  of the 
Milwaukee, Menomonee, and Kinnickinnic Rivers. 

The Milwaukee River watershed study was under- 
taken within the statutory authority of the Com- 
mission and upon the request and approval of 
the local units of government concerned. The 
study was guided from i t s  inception by the Mil- 
waukee River Watershed Committee, an advi- 
sory Committee to the Commission, composed of 
26 elected and appointed public officials, techni- 
cians, and citizen leaders from throughout the 
watershed. The technical work was carr ied out 
jointly by the Commission staff; cooperating gov- 
ernmental agencies, including the U. S. Depart- 
ment of Agriculture, Soil Conservation Service; 
the U. S. Department of the Interior,  Geological 
Survey; the Wisconsin Department of Natural 
Resources; and private consultants engaged by 
the Commission, including the Harza Engineering 
Company of Chicago, Illinois, and Alster & Asso- 
ciates, Inc., of Madison, Wisconsin. Each of these 
organizations was selected by the Commission for  
participation in the watershed planning program 
by virtue of their exceptional skills and experi- 
ence in specialized phases of water resources 
planning and engineering. The disciplines pro- 
vided included specialization in ground and sur -  
face water hydrology, hydraulics, ecology and 
natural resource conservation, sanitary engineer- 
ing, and control survey and photogrammetric 
engineering, a s  well a s  comprehensive area-  
wide planning. 

The study was founded upon the recognition by 
public officials, technicians, and citizen leaders 
within the watershed that problems, such a s  flood- 
ing and water pollution, transcend local gov- 
ernmental boundaries and that solutions to such 
areawide problems must be sought on a regional 
basis. Furthermore, i t  was recognized that the 
water and water-related resource problems of 



the Milwaukee River watershed a re  directly and 
inextricably interrelated, not only with each other, 
but also with problems of areawide urbanization 
and associated increasing and often misdirected 
demands upon the natural resource base. 

The primary objective of the Milwaukee River 
watershed planning program i s  to assist the fed- 
era l ,  state, and local units of government in abat- 
ing the serious water and water-related resource 
problems of the Milwaukee River watershed by 
developing a workable plan to guide the staged 
development of multi-purpose water resource- 
related facilities and related resource conserva- 
tion and management programs for the watershed. 
More specifically, the objectives of the planning 
program a re  to: 

1. Prepare a plan for effective flood damage 
abatement in and along the major water- 
ways and floodlands of the Milwaukee River 
watershed. 

2. Prepare a plan for water quality manage- 
ment and water pollution abatement for the 
Milwaukee River and i ts  major tributaries 
and for the major lakes of the watershed. 

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

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

5. Prepare a plan for  the public open-space 
reservation and recreational development 
within the watershed. 

6 .  Refine and adjust the adopted regional land 
use plan toreflect the conveyance, storage, 
and waste assimilation capabilities of the 
perennial waterways and floodplains of the 
watershed, including any feasible water 
control facilities, and generally to promote 
the adjustment of land use development in 
the basin to the underlying and sustaining 
natural resource base. 

If the watershed plan i s  to be effective in abating 
problems of water pollution, soil and water con- 
servation, deteriorating fish and wildlife habitat, 
water supply, flood damage, dwindling open space, 
and changing land use within the watershed, it 

must be amenable to cooperative adoption and 
joint implementation by all levels and agencies 
of government concerned and must be capable of 
functioning as a practical guide to the making of 
development decisions concerning both land use 
and water control facility development within the 
watershed on a day-to-day basis. Accordingly, 
the watershed study has been broad in scope and 
detailed in content, with application of a full range 
of scientific disciplines to the tasks of study 
design; formulation of watershed development 
objectives and standards; inventory, analysis, and 
forecasts; plan design; plan test and evaluation; 
and plan selection and adoption. 

The major findings and recommendations of the 
three -year comprehensive watershed planning pro - 
gram a re  presented in a two-volume planning 
report. This, the f irst  volume of the report, sets 
forth the basic concepts underlying the study and 
presents in summary form the factual findings of 
the extensive inventories conducted under the 
study. It identifies and, to the extent possible, 
quantifies the developmental and environmental 
problems of the watershed and sets forth forecasts 
of future economic activity, population growth, 
and concomitant land use and natural resource 
demands. The second volume of the report pre- 
sents the watershed development objectives and 
standards, alternative land use and water control 
facility plan elements, and a recommended com- 
prehensive watershed development plan, together 
with recommendations concerning the best means 
for the implementation of that plan. 

The report can only sumnlarize in brief fashion 
the large volume of information assembled in, and 
the recommendations growing out of, the extensive 
data collection, analysis, forecasting plan design, 
and plan evaluation phases of the Milwaukee River 
watershed study. Although, due to the volume and 
complexity of the data collected, the reproduction 
of the complete study data files in published for- 
mat is impossible, all of the data a r e  generally 
available from the Commission files to the mem- 
ber units and agencies of government upon spe- 
cific request. 

INVENTORY, ANALYSIS, AND 
FORECAST FINDlNGS 

Geography 
The Milwaukee River watershed i s  a surface water 
drainage unit approximately 694 square miles in 
areal extent, discharging to Lake Michigan within 



the City of Milwaukee. Approximately 62 percent 
of the total watershed area ,  o r  430 square miles ,  
l ie  within the seven-county Southeastern Wiscon- 
sin Planning Region. The remaining 38 percent, 
consisting of the headwater portions of the water- 
shed, l ies adjacent to the Region in adjoining 
Dodge, Fond du Lac, and Sheboygan Counties. The 
watershed i s  the second largest of the 11 major 
natural surface water drainage units within the 
Region and comprises approximately 16 percent 
of the total land and water a r e a  of the Region. 
A portion of the watershed i s  bounded on the west 
by a subcontinental divide, which separates  su r -  
face waters flowing westerly and southerly through 
the Mississippi River system to the Gulf of Mexico 
from surface waters flowing northerly and east-  
e r ly  through Lake Michigan and the St. Lawrence 
River system to the North Atlantic Ocean. The 
southern portions of the watershed lie in intensely 
urbanized Milwaukee County and in rapidly urban- 
izing Ozaukee and Washington Counties, while the 
central and northern portions l ie  in the important 
agricultural and recreational a r ea s  of Fond du Lac 
and Sheboygan Counties. 

Superimposed upon the natural meandering water- 
shed boundary i s  a rectangular pattern of local 
political boundaries. The watershed occupies 
portions of three of the seven counties compris- 
ing the Southeastern WisconsinRegion-Milwaukee, 
Ozaukee, and Washington-parts of three counties 
adjacent to, but outside the Southeastern Wisconsin 
Planning Region-Dodge, Fond du Lac, and She- 
boygan-and portions o r  all of 5 cities,  18 villages, 
and 28 towns. Six soil and water conservation 
dis tr icts  have jurisdiction over portions of the 
watershed. In addition, certain other special- 
purpose dis tr icts  have important responsibilities 
f o r  water resource management within the water- 
shed, including the Metropolitan Sewerage Dis- 
t r ic t  of the County of Milwaukee, six sanitary 
dis tr icts ,  and eight legally established fa rm drain- 
age districts.  

Superimposed on these local, general, and special- 
purpose units of government a r e  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 of Wisconsin Extension Service; the 
State Soil Conservation Board; the U. S. Depart- 
ment of Agriculture, Soil Conservation Service ; the 
U. S. Department of the Interior,  Federal Water 
Quality Administration; and the U. S. Department 
of the Army, Corps of Engineers. 

Population and Economic Activity 
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 portion of the 
watershed population within the Region comprises 
about 30 percent of the total regional population. 
The population of the watershed has increased 
steadily since 1850. F rom 1950 to 1960, the popu- 
lation 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, however, the r a t e  of 
population increase within the Region has exceeded 
the rate  of increase within the watershed. The 
watershed population growth ra te  since 1940 can 
be attributed primarily to natural increase,  that 
i s ,  to an excess of births over  deaths; and this 
indicates that migration from other  parts  of the 
nation, s tate ,  and Region has not been a signifi- 
cant factor in the recent population increase of 
the watershed. 

Prel iminary 1970 U. S. Bureau of the Census 
population est imates became available late in the 
Milwaukee River watershed study. The 1970 est i -  
mated watershed population, based upon the pre- 
liminary census figures, i s  527,652, a s  compared 
to the 1960 estimated watershed population of 
526,823 and the 1967 estimated watershed popula- 
tion of 543,790. A close inspection of the pre- 
liminary 1970 census resul ts  reveals a pattern 
that includes substantial growth of population 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 particularly, the 
City of Milwaukee itself. The 1960 City of Mil- 
waukee population in the Milwaukee River water- 
shed was estimated at about 405,000. By 1970 
this figure had dropped to about 376,000, a 7 per-  
cent decline. Although many factors contributed to 
this decline, i t  i s  c lear  that a t  least three factors 
were of particular significance; namely, urban 
renewal activities involving wholesale clearance 
of housing units with little o r  no replacement by 
April 1970, essential freeway and other  public 
works construction involving a loss  of housing 
units, and a reduction in the average household 
size. At the same time that the City of Milwau- 
kee was exhibiting a ra ther  sharp decline in 
population within the watershed, however, the 
remainder of the watershed continued to grow in 
close accord with the population forecasts  pre- 
pared by the Commission under i t s  comprehensive 



regional planning program. Thus, while total 
watershed growth was very small in  the 1960-1970 
decade, the substantial population loss in  the City 
of Milwaukee was more  thanoffset by rapid growth 
in the middle reaches of the watershed and, in 
particular,  the rapidly urbanizing portions of 
Ozaukee and Washington Counties. 

Because of this rapid growth in the urbanizing 
a reas  of the watershed, the population of the 
watershed is anticipated to increase to about 
678,000 persons by 1990, o r  by an additional 
25 percent. Changes in the characteristics of 
the watershed population a re  expected to par- 
allel closely those of the regional population, a s  
described in SEWRPC Planning Report No. 7, 
Volume 2, Chapter 111. In 1990 there will be 
proportionately more older people (ages 65 and 
over) and more younger people (ages 34 and 
under) than there were in 1967. 

Employment within the watershed presently (1967) 
totals about 290,000 jobs and i s  expected to 
increase to about 346,000 jobs by 1990, an 
increase of about 56,000 jobs, o r  19 percent, in 
20 years. The largest concentration of industry 
within the watershed lies in the City of Milwaukee, 
where 62 of the 75 industrial f i rms  within the 
watershed, employing 150 o r  more persons each, 
a r e  located. Other major industrial concentrations 
within the watershed a re  located in the Cities of 
Cedarburg, Glendale, and West Bend and in the 
Village of Grafton. Most of the resident labor 
force of the watershed finds employment in the 
watershed industrial centers ,  primarily in the 
urbanized a reas  of the lower watershed. Although 
the watershed within the Region contains approxi - 
mately 31  percent of the regional population, i t  
accounts f o r  more than 42 percent of the total 
regional employment. 

Agriculture i s  still  an important component of 
the economy of the watershed. Although the 
number of f a rms  in operation, the number of 
ac re s  being farmed, and the number of f a rm 
operators have been declining, the average farm 
size and the total value of f a r m  products sold have 
been increasing. About 60 percent of the agri- 
cultural lands of Ozaukee County, 50 percent 
of the agricultural lands of Washington County, 
15 percent of the agricultural lands of Fond du 
Lac County, and 20 percent of the agricultural 
lands of Sheboygan County lie within the Milwaukee 
River watershed. 

Land Use 
Land within the watershed is undergoing a rapid 
transition from rura l  to urban use in response 
to increasing population and economic activity 
levels. Urbanization i s  particularly rapid in the 
lower reaches of the watershed, especially in 
the Mequon, Thiensville, Cedarburg, and Grafton 
a reas  of Ozaukee County and in the West Bend a rea  
of Washington County. Urbanization i s  occurring 
in a highly diffused pattern outward from the his- 
toric urban centers into the woodlands, wetlands, 
and fertile farmlands of the watershed. In the 
17-year period, extending from 1950 to 1967, 
a 36 percent increase in the population of the 
watershed was accompanied by an 80 percent 
increase in the amount of land devoted to urban 
use within the watershed and by a decrease in the 
density of the developed portions of the watershed, 
from 9,500 persons per  square mile to 7,500 per- 
sons per square mile. This  areawide diffusion of 
low-density urban development within the water- 
shed i s  a major factor contributing to a number 
of the serious environmental and developmental 
problems existing within the watershed. 

Agricultural use is still  by f a r  the predominant 
land use within the watershed, occupying about 
61  percent of the total watershed area. Urban land 
use presently occupies about 15 percent of the 
total watershed area ;  and residential development, 
devoted almost exclusively to single-family dwell- 
ings, accounts for  almost half of this total a r ea  
devoted to urban land uses. Only 1 percent of the 
watershed a rea  is presently devoted to active out- 
door recreational use. A high potential for  devel- 
opment of additional recreational land, however, 
exists within the watershed. 

Continuation of present development trends within 
the watershed may be expected to resul t  in an 
increase in urban land use, from approximately 
102 square miles in 1967 to 133 square miles by 
1990, an increase of 30 percent. Residential land 
use may be expected to increase f rom 42 square 
miles in 1967 to 60 square miles by 1990, an 
increase of 42 percent. All other urban land uses 
may be expected to increase from 60 square miles 
to 73 square miles over  this same period of time, 
an increase of 23 percent. This demand for  urban 
land will have to be satisfied primarily by the 
conversion of agricultural lands, woodlands, and 
wetlands, which collectively may be expected to 
decline by about 31  square miles, a decrease of 
about 6 percent. If existing trends continue, much 



of this new urban development will not be related 
sensibly to the natural resource base-the soils,  
the lakes and s t reams and associated floodlands 
and shorelands, the woodlands, the wetlands, and 
the wildlife habitat a reas  of the watershed-nor 
to long-standing public utility systems and se r -  
vice areas.  

Public Utility Service 
The construction of public sanitary sewer and 
water supply facilities has not fully kept pace with 
the rapid urbanization taking place within the 
watershed, necessitating the widespread use of 
individual on-site sewage disposal systems and 
private wells. In 1967 about 64 percent of the 
developed a rea  of the watershed and 92 percent 
of the total watershed population were served by 
public sanitary sewerage facilities, while public 
water supply systems served about 60 percent 
of the total developed area  of the watershed and 
about 91 percent of the total watershed population. 
The planned service a rea  of the Metropolitan 
Sewerage Commission of the County of Milwau- 
kee, which includes all of the Milwaukee County 
portion of the watershed and the City of Mequon 
in the Ozaukee County portion of the water- 
shed, comprises about 32 square miles within 
the watershed, o r  nearly 5 percent of the total 
watershed area. 

Detailed operational soil surveys indicate that 
approximately 205 square miles, o r  about 30 per- 
cent of the watershed, a r e  covered by soils which 
a re  poorly suited for  urban development of any 
kind. Approximately 319 square miles, o r  about 
46 percent of the watershed, a r e  covered by soils 
which a re  poorly suited for  residential develop- 
ment without public sanitary sewer service on lots 
of one acre  o r  more in a rea ;  and about 386 square 
miles ,  o r  about 56 percent of the watershed, a r e  
covered by soils poorly suited for  urban develop- 
ment without public sanitary sewer service on lots 
of less than one acre  in size. 

Climate 
The Milwaukee River watershed i s  subject to 
a semi-humid continental type climate and i s  
characterized by the extremes in weather common 
to i ts  latitude and interior position on the North 
American continent. Cyclonic activity i s  the main 
cause of weather conditions over the watershed, 
which lies in the path of frontal systems moving 
across  the continent in a generally easter ly and 
southerly direction. Lake Michigan has a mod- 
erat ing effect on the climate of the watershed, 

which effect, although generally limited to a nar -  
row band located within five miles of the Lake 
Michigan shoreline, may extend a s  f a r  a s  30 miles 
inland under some conditions. 

Air temperatures within the watershed generally 
lag about three weeks behind the summer and 
winter solstices, resulting in July being the warm- 
e s t  month and January the coldest. The meandaily 
temperature of the watershed ranges from 4 5 . 1 ' ~  
in the lower watershed to 4 6 . 4 ' ~  in the upper 
watershed, with recorded extremes ranging from 
a -2g°F to 107'~.  The growing season averages 
about 164 days within the watershed, from about the 
f i rs t  week of May to the second week of October. 

The average annual precipitation within the water- 
shed is 29.35 inches but has varied from a recorded 
low of 19.10 inches to a recorded high of 41.86 
inches. Approximately 55 percent of the average 
annual precipitation occurs a s  rainfall during the 
growing season. Snowfall accounts for  approxi- 
mately 14 percent of the average annual precipita- 
tion and has ranged from a recorded minimum 
cumulative seasonal snowfall of 12.1 inches to 
a recorded maximum of 93.3 inches. The maxi- 
mum recorded 24-hour rainfall within the water- 
shed was 7.58 inches, and the maximum recorded 
24-hour snowfall was 16.7 inches. 

Northwesterly winds prevail during the winter, 
whereas southwesterly winds prevail during the 
summer. The percent of maximum possible sun- 
shine averages about 55 percent during the year, 
ranging from 40 percent in November through 
February to 60 percent in June through September. 

Physiography 
The Milwaukee River watershed i s  an irregularly 
shaped drainage basin, with i t s  major axis lying 
in an approximately north and south direction. 
The watershed has a total a rea  of approximately 
694 square miles, with a length of approximately 
46 miles and a width varying from about 26 miles 
in the northern portions of the watershed to about 
4 miles in the lower portions of the watershed. In 
the lower reaches of the watershed, the boundary 
of the watershed lies very  close to, and parallels 
the Lake Michigan shoreline. 

The topography of the watershed, which i s  con- 
trolled by the bedrock and overlying glacial 
deposits, i s  characterized by hills and ridges 
interspersed with broad undulating plains and 
poorly drained wetlands. The important rock 



units underlying the watershed include sandstone, 
dolomite, and shale and a re  buried under glacial 
sand, gravel, and till deposits. Surface elevations 
range from a high of approximately 1,311 feet 
above sea level in the Town of Mitchell, Sheboy- 
gan County, to approximately 580 feet at the 
entrance to the Milwaukee Harbor, a maximum 
relief of 731 feet. The areas of greatest local 
relief a re  located northwest of West Bend in 
Washington County and northeast of Long Lake in 
Sheboygan County and in places exceed 200 feet, 
although the local relief is generally less than 
100 feet. 

The surface drainage pattern of the watershed is 
poorly developed, and relatively large areas of 
the watershed a re  covered by lakes and wetlands. 
The flow of the Milwaukee River, from i ts  origin 
in Kettle Moraine Lake in the Town of Osceola, 
Fond du Lac County, is generally southerly to 
West Bend, easterly from West Bend to Fre- 
donia, then southerly to its mouth on the Lake 
Michigan shoreline in Milwaukee. A relatively 
complex pattern of major tributaries includes the 
north, east, and west branches of the Milwaukee 
River and Cedar Creek. 

Wetlands 
Wetlands having an individual surface area of 
50 acres o r  more cover an aggregate area of about 
62 square miles, o r  about 9 percent of the total 
area of the watershed. Of this total wetland area,  
only 11.2 square miles, or 18 percent, a r e  in 
public ownership. 

It i s  estimated that, at the turn of the century, 
approximately 120 square miles, o r  17 percent of 
the total area of the watershed, were covered by 
such wetlands. Thus, nearly one-half of the ori- 
ginal wetlands existing within the watershed have 
been destroyed. This destruction i s  continuing at 
the rate of approximately 0.9 square mile per 
year, with most of the loss being due to the con- 
version of wetlands to agricultural use through 
drainage improvements, although urbanization is 
taking an increasing total. At the same time, the 
natural quality of the remaining wetlands i s  dete- 
riorating as  a result of human activities within 
the watershed. 

The wetlands are  among the most important ele- 
ments of the natural resource base of the water- 
shed. Wetlands are  important not only to the 
maintenance of a desirable hydrologic regimen 
within the watershed, reducing flood flows, but 

a re  important also to the maintenance of the over- 
all quality of the environment. Wetlands provide 
habitat for thousands of species of organisms 
involved in soil formation, plant and animal 
growth, and nutrient recycling. Requiring thou- 
sands of years to form, wetlands once destroyed 
are  irreplaceable. 

Woodlands 
Woodlands presently cover an aggregate area  of 
about 111 square miles, o r  16 percent of the total 
area  of the watershed. Although the in-Region 
portion of the watershed constitutes only 16 per- 
cent of the total area  of the Region, i t  contains 
over 27 percent of the total regional woodland 
area. Primarily located on ridges and steep 
slopes, along lakes and streams, and in wetlands, 
these woodlands provide an attractive country- 
side resource of immeasurable value. Woodlands 
assist in maintaining unique natural relationships 
between plant and animal communities, reduce 
storm water runoff, contribute to the atmospheric 
oxygen and water supply, provide a resource base 
for the forest products industry, and make an 
invaluable contribution to the natural beauty of 
the countryside. 

It i s  estimated that, at the time of settlement by 
Europeans, approximately 576 square miles, o r  
83 percent of the total area  of the watershed, 
were covered by woodlands. Thus, over 80 per- 
cent of the original woodland cover of the water- 
shed has been destroyed. This destruction is 
continuing at the rate of approximately 400 acres 
per year, with most of the loss being due to land 
clearing, highway construction, drainage of wet- 
lands, and degeneration and neglect. Approxi - 
mately 250 acres of land are  being planted to 
woodlands each year within the watershed, pri- 
marily to conifer species. The present rate of 
loss may be expected to accelerate rapidly in 
the foreseeable future unless a sound woodland 
management and active reforestation program is 
instituted within the watershed. This i s  so because 
many of the remaining woodlands of the watershed 
consist entirely of even-aged old trees,  with no 
reproduction o r  saplings to maintain the stands 
after the present trees mature and die. In this 
connection, it i s  particularly important to note 
that, of the total areaof woodland cover presently 
existing within the watershed, less than 24 per- 
cent i s  in public ownership. Thus, private action 
will be essential to the maintenance of a healthy 
woodland cover within the watershed. 



Water Resources 
The surface water resources,  consisting of lakes 
and s t reams,  provide the singularly most impor- 
tant feature of the landscape within the Milwaukee 
River watershed and serve to enhance all  proxi- 
mate land uses. The ground water resources of 
the watershed a re  closely interrelated with the 
surface water resources,  sustaining lake levels 
and providing the base flows of s t reams,  a s  well 
as providing important sources of supply for  
municipal, industrial, commercial, and domestic 
water users. 

There a re  approximately 330 lineal miles of per- 
ennial s t reams and watercourses within the water- 
shed and 71 lakes, 21 of which have a surface 
water a r ea  of 50 ac re s  o r  more. These 21 major 
lakes provide a combined surface water a r ea  of 
5.4 square miles, o r  about 0.8 percent of the total 
watershed area ,  and a total of 59 miles of shore- 
line. The 50 smaller  lakes provide a combined 
surface water a rea  of about 1.1 square miles, o r  
about 0.2 percent of the total watershed area,  and 
a total of 41  miles of shoreline. 

The Milwaukee River watershed i s  richly endowed 
with ground water resources. Three ground water 
aquifers underlie the watershed: 1) the unconsoli- 
dated sand and gravel deposits of the glacial drift;  
2) the dolomite aquifer, consisting of dolomite 
s t ra ta  of the underlying and interconnected bed- 
rock; and 3) the sandstone aquifer, consisting 
mainly of sandstone and dolomite strata. 

The sandstone aquifer comprises the deepest of 
the three aquifer systems. Wells tapping this 
aquifer a r e  sometimes more than 1,200 feet 
deep and a re ,  therefore, relatively expensive to 
drill. This aquifer, except fo r  minor leakage 
and connection to the natural recharge area ,  i s  
hydraulically separated from the shallower aqui- 
f e r  systems by an overlying, nearly impermeable 
shale formation. This separation makes the deep 
aquifer less  susceptible to man-made pollution. 
The sandstone aquifer is the source of water 
supply for  three municipalities located within the 
watershed but outside Milwaukee County and for  
several large industrial and commercial f i rms  
within the watershed. Pumpage from this aquifer 
approximates 3 million gallons per  day, of which 
slightly over  2 million gallons per day a r e  pumped 
by the three municipal water utilities. Recharge 
of the deep sandstone aquifer i s  by percolation 
in the recharge a reas  located in Dodge, Fond du 
Lac, Jefferson, and Waukesha Counties outside 

the watershed boundaries. Presently, the ra te  of 
withdrawal of water from the sandstone aquifer 
exceeds the ra te  of recharge, and this has resulted 
in large declines in piezometric levels in the 
southern portion of the watershed. 

The dolomite aquifer, one of the two "shallowt' 
aquifers, is the most widely used aquifer in the 
watershed. I t  furnishes water for  seven munici- 
palities, several industries, and nearly all of the 
rura l  domestic and agricultural users. Pumpage 
from this aquifer approximates 7.4 million gallons 
per  day, of which about 2.6 million gallons per 
day are  pumped by the seven municipal water 
utilities. Recharge i s  by leakage from the over- 
lying glacial deposits. 

The sand and gravel aquifer, the other "shallowtt 
aquifer, i s  not widely used within the watershed. 
I t  furnishes part of the water supply of the City 
of West Bend and a few rura l  domestic users. 
Recharge i s  by direct infiltration of precipitation. 

The shallow aquifers a r e  recharged locally, and 
the average annual recharge is estimated to range 
between 1 and 4 inches of water over  the water- 
shed, depending mainly upon the type of surficial 
deposits present. This recharge ra te  represents 
the range of sustained yield of the shallow aqui- 
f e r s  in the watershed. Ground water pumpage 
from the shallow aquifers may affect local ground 
water movement and runoff; and shallow wells 
located near  s t reams,  lakes, o r  wetlands may 
directly o r  indirectly affect streamflow and the 
stages of lakes and wetlands. Ground water within 
the Milwaukee River watershed i s  discharged both 
naturally and artificially to the lakes and streams. 
The long-term average rate  of ground water 
discharge to the Milwaukee River is estimated 
a t  about 100 cfs, a s  measured at the Milwau- 
kee s t ream gaging station, although ground water 
discharge fluctuates from year to year with cli- 
matic conditions. 

Water from the watershed aquifers i s  chemically 
classified a s  hard, containing relatively high con- 
centrations of calcium, magnesium, and sulfate 
among other dissolved solids. The quality, how- 
ever ,  i s  superior to s t ream water quality and, if 
protected from pollution, i s  generally well suited 
to domestic and industrial use. Pollution of the 
ground water in the shallow aquifers i s  a potential 
problem in localized a reas  of the watershed, 
particularly in those a reas  where residential land 
uses a r e  concentrated and waste i s  discharged 



into septic tank systems, where the water supply 
is obtained from shallow wells, where the water 
table i s  close to the land surface, where the soil 
i s  highly pervious, o r  where creviced bedrock 
extends near the land surface. Without preventive 
measures pollution of the shallow aquifers can 
become a serious local problem within the water- 
shed. These shallow aquifers constitute the most 
important source of water available to meet small, 
highly dispersed demands, such as  those gen- 
erated by residential development not served by 
public water supply systems. 

Saline ground water is a naturally occurring pol- 
lutant of the deep sandstone aquifer. Such saline 
waters are  present in the sandstone aquifer along 
the eastern edge of the watershed and move under 
the s t ress  of pumping. Control of this source of 
natural pollution will require managed pumping of 
the deep aquifer and increasing use of Lake 
Michigan o r  the dolomite aquifer as  a source 
of municipal, industrial, and commercial water 
supply in the Mequon and Milwaukee County area 
of the watershed. 

Existing and Potential Park Sites 
An inventory conducted a s  a part of the watershed 
study indicated that 186 park and related open- 
space sites existed within the watershed in 1967, 
totaling 29,065 acres,  o r  about 45.5 square miles 
in area. Approximately 68 percent of these sites 
and 86 percent of this total area a re  in public 
ownership. About 11 percent of the publicly owned 
si tes and 89 percent of the area held in public 
ownership a r e  held by the state, consisting, how- 
ever,  primarily of large woodland and wildlife 
conservancy areas in the Kettle Moraine State 
Forest. Only 38 percent of the publicly controlled 
recreational lands within the watershed a re  actu- 
ally available to meet the growing demand for 
the 16 major water- and land-based recreational 
activities. Hunting lands comprise over 81 per- 
cent of this available area. Consequently, only 
2,124 acres,  o r  about 19 percent of the total 
publicly controlled recreational lands within the 
watershed, a re  available for all other major out- 
door recreational uses. 

Lands providing access to surface waters for 
water-based recreational activities, which activi- 
ties comprise over 30 percent of the total outdoor 
recreational demand within the watershed on an 
average seasonal Sunday, account for less than 
1 percent of the total publicly owned recreational 
land area  within the watershed; and, of this total, 

50 percent i s  owned o r  operated by local units of 
government. Surface water area in the watershed 
totals approximately 6,800 acres,  o r  less than 
1.5 percent of the total area of the watershed, of 
which approximately 3,055 acres,  o r  approxi- 
mately 45 percent, a re  available for swimming, 
provided that water quality levels suitable for 
full-body-contact recreation can be maintained; 
and 3,745 acres,  o r  about 55 percent, a re  avail- 
able for all other water-based recreational uses. 
Currently, the existing water-oriented participa- 
tion demand of 21,159 participants, excluding 
swimming, on an average seasonal Sunday, and 
assuming an average turnover rate of three parti- 
cipants per day have only 1.0 acre of available lake 
and stream surface area allocated to each partici- 
pant for the water-based recreational activities 
other than swimming, which is far  below the rec- 
ommended overall standard of five acres per 
participant necessary to achieve good water man- 
agement per Department of Natural Resources 
recommendations. Over 20 percent of the total 
demand for water-based recreational activities 
within the watershed is generated by out-of-state 
users,  while approximately 32 percent is gen- 
erated from within the state but outside the water- 
shed. Yet, over 50 percent of the publicly owned 
water-based recreational land development is  pro- 
vided by local governments whose residents make 
the least use of the facilities provided. 

Forecasts indicate that the participant demand for 
the water-based recreational activities within the 
watershed may be expected to more than double, 
from 65,000 to 157,000 participants on an average 
seasonal Sunday by 1990. Swimming, fishing, and 
boating may be expected to constitute the most 
popular water-based recreational activity. Land- 
based participant demand for major recreational 
activities within the watershed may be expected to 
almost double, from 145,000 to 255,000 partici- 
pants per average seasonal Sunday. Pleasure 
driving and sightseeing may be expected to remain 
the most popular land-based activities, along with 
picnicking. These forecasts, when related to the 
existing supply of recreational lands within the 
watershed, indicate that an additional 10,842 acres 
of land will have to be devoted to recreational use 
within the watershed by 1990, an increase of 
87 percent over present levels. 

Inventories conducted a s  a part of the watershed 
planning program indicate that 131 potential park 
and related open-space sites, totaling 21,935 
acres,  o r  approximately 34 square miles in area,  



exist within the watershed, of which almost one- 
half a re  considered to possess high recreational 
resource value. These high-value sites, more- 
over, comprise over one-half of the total potential 
park and related open-space site acreage within 
the watershed and constitute one of the most valu- 
able resources of the watershed. 

Fish and Wildlife 
Of the 21 major lakes within the watershed, 15 sus- 
tain a moderate fishery and must support the 
major proportion of the heavy fishing demand 
exerted upon the fishery resources of the water- 
shed. Dominant fish species of these lakes, in 
order of importance, include bluegill, largemouth 
bass, northern pike, walleye, bullhead, black 
crappie, yellow perch, and carp. Stream fish- 
eries a re  limited within the watershed to five 
major streams-the Milwaukee River and i ts  three 
branches-the East, North, and West Branches- 
and Cedar Creek. The Milwaukee River and i ts  
branches support fisheries consisting of small- 
mouth bass, northern pike, bullheads, carp, and 
white suckers. The streams supporting fish- 
eries have a combined length of 197 miles, o r  
about 60 percent of the total perennial stream 
channel mileage within the watershed. There a re  
five officially designated trout streams in the 
watershed, having a combined length of about 
15 miles, including: Lake Fifteen Creek in Fond 
du Lac County and Gooseville Creek, Melius 
Creek, Nichols Creek, and Watercress Creek in 
Sheboygan County. Maintenance and improvement 
of these fishery resources a re  ultimately depen- 
dent upon water pollution abatement and lake 
eutrophication control efforts, although mainte- 
nance of the lake fisheries requires protection of 
the remaining natural spawning areas. 

The watershed contains an estimated 67,662 acres,  
o r  105 square miles, of wildlife habitat, exclu- 
sive of open-water areas exceeding 10 acres in 
surface area. The in-Region portion of this total 
approximates 16 percent of all the remaining wild- 
life habitat within the Region. Of the total within 
the watershed, 45 square miles, o r  43 percent, 
a re  rated as  high-value habitat areas. Game 
within the watershed consists primarily of small 
upland game, such as  rabbit and squirrel; some 
predators, such as fox and raccoon; and game 
birds, including pheasant and waterfowl. Deer 
a re  also found in significant numbers in some 
parts of the watershed. This wildlife provides 
a valuable and much sought recreational resource 
and thereby contributes both directly and indi- 

rectly to the overall quality of the environment 
within the watershed. The productivity of the 
remaining wildlife habitat i s  dependent not only 
upon the maintenance of the habitat areas in natu- 
ra l  open space but also upon the use of surround- 
ing lands. Use of such lands for agricultural 
purposes can abet the productivity of certain types 
of wildlife habitat, while use of such lands for 
intensive urban development can stifle such pro- 
ductivity. Competing land uses and improper 
development practices are  continually lowering 
the quality, a s  well as  the quantity, of the remain- 
ing wildlife habitat; and many species of wildlife, 
particularly pollinating insects and other lower 
forms of species required to maintain anecologi- 
cal balance, will be threatened with extinction 
over the watershed unless the remaining high 
quality natural areas a re  protected and preserved. 

Environmental Corridors 
One of the most important tasks completed a s  part 
of the regional planning effort has been the identi- 
fication and delineation of environmental corri-  
dors. These corridors a re  defined as  elongated 
areas which encompass the best remaining ele- 
ments of the natural resource base, including the 
lakes and streams and their associated shore- 
lands and floodlands, wetlands, woodlands, wildlife 
habitat areas,  areas containing rough topography 
and significant geological formations, and the best 
remaining potential park and related open-space 
sites. These corridors also contain significant 
areas of wet o r  poorly drained and highly organic 
soils poorly suited to urban development of any 
kind. The preservation of these corridors in 
a natural state o r  in park o r  related open-space 
uses, including limited agricultural and large 
estate-type residential uses, i s  essential to main- 
taining the quality of the environment within 
the watershed and to the protection of i t s  natu- 
ra l  beauty. 

The primary environmental corridors encompass 
a total area of about 157 square miles, o r  about 
23 percent of the total area of the watershed. 
These corridors contain, however, 52 lineal miles, 
o r  88 percent, of the total lake shoreline on the 
21 major lakes within the watershed and 282 miles, 
o r  85 percent, of the major stream channel length 
within the watershed. The corridors encompass 
almost 68 percent of all the remaining wetlands 
and 63 percent of all the remaining woodlands 
within the watershed. The corridors also encom- 
pass 67 percent of the wildlife habitat areas 
remaining within the watershed. 



Surface Water Hydrology 
The Milwaukee River watershed is a composite 
hydrologic unit of 11 subwatersheds, with flow 
occurring in a generally southeasterly direction. 
The major axis of the watershed lies in an 
approximately north-south direction. 

Historical strearnflow records representing runoff 
from the entire watershed as measured at Mil- 
waukee indicate that severe floods a re  seasonal in 
nature, being concentrated in the late winter-early 
spring period, with five of the six largest annual 
peak discharges during the 54-year period of 
record occurring in March or  April. The transi- 
tion from winter to spring offers the greatest 
potential for large, relatively rapid runoffs to the 
watershed stream system, with those runoffs 
generally being generated by snowmelt-r ainf all 
combinations accentuated in severity by frozen 
ground. 

The drainage pattern of the Milwaukee River 
watershed is basically dendritic, although much of 
that pattern has been modified by the erratic topo- 
graphy created by glaciation. The drainage sys- 
tem is inefficient. Average land slopes within the 
basin a re  generally less than 5 percent, producing 
relatively long times of concentration and low- 
peak, long-duration runoff contributions to the 
channel system. Bed slopes of the channel sys- 
tem are  irregular, with steep slopes near the 
channel heads and often alternating flat and steep 
slopes in the mid and lower reaches, resulting in 
generally low streamflow velocities and long flood 
passage times, approximating 12 days for a major 
flood on the main stem of the Milwaukee River at 
the Milwaukee gage. 

The long-term average ra te  of annual water loss 
through evapotranspiration is estimated at about 
23 inches for the watershed, or  approximately 
77 percent of the average annual precipitation of 
about 30 inches. Annual watershed runoff, which 
accounts for the remaining 7 inches of precipita- 
tion, occurs at a nonuniform rate during the year 
and is accomplished by several different physi- 
cal processes. It is composed of direct runoff 
coincident with rainfall precipitation events, run- 
off from melting snowpack, and discharge from 
ground water storage as reflected in the base flow 
of the watershed stream system. About 65 per- 
cent of the watershed runoff occurs in the six- 
month period extending from November through 
April, although only about 38 percent of the pre- 
cipitation occurs during this period. Streamflow 

varies widely from season to season and from 
year to year. Over a long period of time, how- 
ever, the outflow from, and inflow to, the water- 
shed have been about equal, indicating that there 
is no apparent long-term trend toward a net gain 
or  loss in the total quantity of water within the 
basin. Streamflows average about 250 cfs during 
much of the summer, fall, and winter months, 
with only minor r ises  after heavy rainfalls. High 
streamflows and floods are  generally associated 
with snowmelt, and most critical flood flows 
result from rainfall during a snowmelt period. 

A profusion of surface water storage areas exists 
within the watershed and serves to decrease peak 
discharges and increase the duration of runoff. 
The 71 lakes within the Milwaukee River water- 
shed have a total surface area of about 6.5 square 
miles, or  approximately 0.9 percent of the total 
watershed area. An additional 62 square miles, 
or  9 percent of the watershed area, a re  covered 
by permanent wetland areas which also serve to 
reduce peak runoffs. Major wetland areas having 
an important effect on strearnflow include the 
wetlands along the East Branch of the Milwaukee 
River, the Lake Fifteen area wetlands, the wet- 
lands tributary to the Kettle Moraine Lake Outlet, 
Jackson Marsh on Cedar Creek, and the Cedar- 
burg Bog tributary to Cedar Creek. These lakes 
and wetlands, together with the temporary flood- 
plain overflow area storage of the riverine areas, 
tend to provide a large degree of natural flood 
control within the basin. 

The peak discharge of a 100-year recurrence 
interval flood on the Milwaukee River at the Esta- 
brook Park gaging station in the City of Milwaukee 
is estimated at 16,000 cfs, or 23.3 cfs per square 
mile of tributary drainage area. This is higher 
than the peak discharge of the 100-year recur- 
rence interval flood of the Fox River at Wilmot, 
Wisconsin, estimated at 9,400 cfs, or  10. 8 cfs 
per square mile of tributary drainage area. The 
unit discharge is, however, considerably lower 
than the comparable unit discharge of the Root 
River at Racine, Wisconsin, estimated at 53 cfs 
per square mile of tributary drainage area, 
equivalent to a total discharge of 9,900 cfs. 
Thus, although the Milwaukee River watershed 
system is not as naturally a well-regulated sys- 
tem as the Fox River watershed system, a con- 
siderable potential still exists for maintaining a 
well-regulated streamflow regimen through main- 
tenance of existing lakes and wetlands. The mean 
daily discharge of the Milwaukee River at Mil- 



waukee may be expected to equal o r  exceed about 
59 cfs 90 percent of the time and has been known 
to range from a maximum of 14,800 cfs to a 
minimum of 0 cfs at the Milwaukee (Estabrook 
Park) gage. 

Existing Water Control Structures 
There a re  48 man-made water control structures 
within the Milwaukee River watershed, not includ- 
ing bridges and culverts, which serve to regulate 
o r  modify the natural flow regimen of the stream 
system to some degree. Eleven of these dams 
a re  located at natural lake outlets and were con- 
structed to regulate and control the lake levels, 
while 37 are  located on the stream network proper 
and were originally constructed primarily to 
impound water for either power generation o r  
transportation purposes, although one structure- 
the dam at Estabrook Park in the City of Milwau- 
kee-was constructed specifically and primarily 
fo r  flood control, maintaining normal water level 
and providing recreational facilities. 

The water surface area of the 48 pools controlled 
by all of the existing dams within the watershed 
totals about 3,200 acres. About 40 percent of this 
total area is provided by Big and Little Cedar 
Lakes. The 11 natural lakes controlled by dams 
a re  considerably larger in area than the man- 
made ponds controlled by dams, ranging in size 
from a maximum of 932 acres for Big Cedar Lake 
to a minimum of 35 acres for Erler  Lake. The 
artificial ponds controlled by dams located on the 
Milwaukee River system vary in surface area 
during normal streamflows, from a maximum of 
about 200 acres for the impoundment behind the 
Thiensville Dam to less than 0.1 acre for the 
Nature's Friends Dam. Only two of the 37 man- 
made impoundments -the ponds behind the West 
Bend and Woolen Mills Dams-are capable of 
providing any measurable degree of floodwater 
storage, although even the amount of floodwater 
storage available behind these two dams is insig- 
nificant in terms of flood control on a watershed- 
wide basis. 

Under existing conditions, if full utilization of the 
storage capacity of the 14 impoundments on the 
main stem of the Milwaukee River could be 
achieved, the peak flood flow of 16,000 cfs for 
a 100-year recurrence interval flood on the Mil- 
waukee River at the Estabrook Park gaging station 
in the City of Milwaukee might be reduced by 
about 2 percent. The natural lakes and impound- 
ments controlled by dams do exert a moderating 

effect, however, on major flood flows on Silver 
Creek in the West Bend area of Washington County 
(Silver Lake Dam, Lucas Lake Dam, and Pick 
Dam); on Silver Creek in the Sherman Township 
area of Ozaukee and Sheboygan Counties (Random 
Lake Dam); on the East Branch of the Milwaukee 
River in the Osceola and Auburn Townships area 
of Fond du Lac County (Dundee Dam, Mauthe Lake 
Dam, and New Fane Dam); and on that reach of 
Cedar Creek extending upstream from the Village 
of Jackson in Washington County (Schweitzer Dam, 
Lent Dam, Little Cedar Lake Outlet, and Big 
Cedar Lake Outlet); but, in each case, the effect 
does not extend very far  downstream from the 
dams and is not significant with respect to the 
watershed as a whole. All of the dams in the 
watershed a re  relatively low, having a height of 
25 feet or  less, and are  about equally divided 
between dams with free overflow weirs and dams 
with spillways controlled by stoplogs o r  gates. 

The dams controlling the Cedar Lakes and the 
Barton Pond in the West Bend area have potential 
for low-flow augmentation. A three-foot draw- 
down of the Barton Pond over a period of one week 
would yield a flow of about 13 cfs, nearly twice the 
seven-day low flow of the Milwaukee River at 
West Bend. A one-foot drawdown of the two Cedar 
Lakes over a period of one month would yield a 
flow of about 17 cfs, nearly 17 times the seven- 
day low flow of Cedar Creek and twice that of the 
lower Milwaukee River. 

Failure of any of the existing dams within the 
watershed would not be expected to result in sig- 
nificant damage because the dams impound only 
small volumes of water at low heads. An inspec- 
tion of all of the dams, carried out as a part 
of the watershed study, indicates that more de- 
tailed engineering investigations should be car- 
ried out for the existing North Avenue Dam in the 
City of Milwaukee and the Woolen Mills Dam in the 
City of West Bend in order to determine properly 
the stability and safety of these two major dams. 
In addition, a program under which all of the dams 
within the watershed a re  inspected twice annually 
should be mounted to monitor changes in seepage, 
slide, scour, or  other signs of distress. Such a 
program should be carried out under the direction 
of a professional engineer qualified in the design, 
construction, and repair of dams. 

Approximately 49 miles, or 15 percent of the 
perennial stream system of the Milwaukee River 
watershed, have been modified by straightening, 



deepening, or  by increasing the cross-sectional 
area; by improving the horizontal gradeline; or  by 
diking, all of which result in increased velocities 
of flow and decreased times of concentration. The 
most intensive channel improvements have been 
made on Lincoln and Cedar Creeks and the main 
stem of the Milwaukee River in the lower water- 
shed and have served to affect peak flood flows 
along Lincoln and Cedar Creeks and the Milwau- 
kee River itself. Because of the large amount of 
natural storage which still exists within the water- 
shed and because of the time delay effects which 
the Lincoln and Cedar Creek improvements have 
had on peak flows in the Milwaukee River, the net 
effect on the overall flow regimen of the stream 
system has been relatively insignificant. 

Artificial subsurface drainage improvements for 
agricultural purposes have been made in an 
approximately 33 square mile area, or  5 percent 
of the total watershed area. It is doubtful, how- 
ever, that this tiling has had any perceptible 
influence on the hydrologic performance of the 
watershed, particularly during spring snowmelt- 
rainfall floods, when ice conditions may prevent 
operation of the tiled drains. 

There are  a total of 209 highway and railroad 
bridge crossings over the main channel system of 
the Milwaukee River watershed, with the greatest 
number of crossings per river mile being 3.26 in 
the Lincoln Creek subwatershed and the least 
number being 0.49 per river mile in the upper 
Milwaukee River subwatershed. The average dis- 
tance between crossings for the entire watershed 
is approximately one mile. The retardation effect 
of these structures on peak flood flows is signifi- 
cant but greatly overshadowed by the influence of 
the natural characteristics of the watershed. 

Flood Characteristics and Damages 
The watershed, while having a history of rela- 
tively frequent minor flooding, has experienced 
five major floods in recent times. The record of 
river discharge maintained at Estabrook Park in 
the City of Milwaukee since 1914 indicates that, 
over the past 54-year period through 1968, 32 of 
the yearly peak flood discharges, including five 
of the six highest recorded, have occurred in 
March o r  April, many as combination snowmelt- 
rainfall floods. 

The most recent of the major floods within the 
watershed occurred in March-April of 1960 and 
was a flood having an approximately 10-year 

recurrence interval. The peak rate of discharge 
of this flood, a s  measured at the Estabrook Park 
gaging station in the City of Milwaukee, was 9,300 
cfs. Other major significant flood events which 
have occurred within the watershed took place in 
March of 1959, March of 1929, August of 1924, and 
March of 1918. The August 1924 flood was the 
result of a high-intensity thunderstorm centered 
approximately over the City of West Bend and was 
a flood having an approximately 77-year recur- 
rence interval. The peak discharge of this flood 
was 15,100 cfs. The snowmelt-rainfall March 
1918 flood also had a discharge of 15,100 cfs, thus 
also having a recurrence interval of approximately 
77 years. 

Extensive field surveys carried out a s  a part of 
the watershed study revealed that the flood damage 
potential within the watershed is substantial and 
may be expected to increase if development of the 
floodways and floodplains of the watershed for 
urban land uses is allowed to continue. The flood- 
ways and floodplains along the 216 miles of the 
watershed stream system included in the flood- 
flow simulation model comprise only 7 percent of 
the total area of the watershed and lie almost 
entirely within the primary environmental corri- 
dors of the watershed. As of 1967, approximately 
2 square miles, or 4 percent of these floodways 
and floodplains, had been developed for urban 
use. If existing land use development trends a re  
allowed to continue in the riverine areas of the 
watershed, urban land uses within these floodways 
and floodplains may be expected to increase by an 
additional 11 square miles; and the total average 
annual flood damage risk may be expected to 
increase from the 1967 level of approximately 
$119,000 per year to approximately $159,900 per 
year by 1990. Damages from a single 100-year 
recurrence interval flood may be expected to 
increase from a present level (1967) of $1,800,000 
to over $2,000,000 by 1990. If the March-April 
1960 flood on the Milwaukee River were to recur 
under present (1967) land use development con- 
ditions, it could be expected to cause monetary 
damages totaling about $334,800, about 78 percent 
of which would be incurred by private property 
owners and 22 percent by public o r  quasi-public 
agencies. If the August 1924 o r  the March-April 
1918 flood on the Milwaukee River were to recur 
under present land use development conditions, 
each could be expected to cause monetary damages 
totaling about $1.8 million. In the absence of 
sound regulation of floodland development within 
the watershed by the local units of government 



responsible for  such regulation, these damages 
could be expected to increase to $485,000 and 
$2.2 million, respectively, by the year 1990. 

The reaches of heaviest potential flood damages 
along the Milwaukee River are  in the City of Glen- 
dale, from W. Silver Spring Drive to a point 
approximately one -quarter mile south of Bradley 
Road, where total flood damages from a 100-year 
recurrence interval flood could be expected to 
exceed a total of $584,000, o r  nearly 32 percent 
of the total of such flood damages throughout the 
watershed, and in the City of Mequon and Village 
of Thiensville, from the Milwaukee County Line 
Road to CTH C, where such damages could be 
expected to exceed $688,000, o r  about 43 percent 
of the total watershed flood damages. These five 
reaches of the watershed could be expected to 
experience total damages of over $1,270,000, or  
about 69 percent of the total flood damages accom- 
panying a 100-year recurrence interval flood 
within the watershed. It i s  important to note that 
no significant flood damages would be expected to 
occur in that highly urbanized reach of the r iver 
below the North Avenue Dam in the City of Mil- 
waukee, since the channel section in this reach 
i s  able to pass the 100-year recurrence interval 
flood with only minor local overbank flooding and 
then only if the peak flood flows occur concur- 
rently with high lake levels. 

A flood-flow simulation model, consisting of two 
sequential submodels, was used to simulate the 
hydrologic and hydraulic performance of the 
watershed. The backwater submodel was f irst  
used to develop stage-discharge relationships at 
694 locations corresponding to 208 channel-flood- 
plain cross-sections and at the upstream and 
downstream sides of 243 dams, bridges, and cul- 
verts along the 216 miles of perennial channel 
studied. With this information as  input, the 
flood-routing submodel was then used to com- 
pute peak discharges and corresponding stages 
for selected major flood events. The accuracy 
of these simulated discharges and stages was 
verified by comparison with historic peak dis- 
charges, hydrographs, and runoff volumes, as  
measured at two U. S. Geological Survey gaging 
stations-one at Milwaukee and one at Cedarburg- 
and by correlation with historic high water marks. 
Maximum 10- and 100-year recurrence interval 
water surface elevations, as  computed by the cali- 
brated simulation model, were then used to pre- 
pare flood profiles and to delineate on maps the 
lateral extent of inundation and thus identify flood- 

prone riverine areas in the watershed, including 
those that may be expected to experience flood 
damage. The model was also used to develop 
discharge-frequency relationships at  14 key water- 
shed locations in addition to the two discharge- 
frequency relationships obtained by statistical 
analysis of historic streamflow records at the 
Milwaukee and Cedarburg gages. The relative 
effectiveness of alternative flood control mea- 
sures was evaluated with the assistance of dis- 
charges and stages synthesized by the flood-flow 
simulation model, and the model also facilitated 
an assessment of the probable effect of future 
urbanization on major flood events within the 
watershed. 

Continuing urbanization may be expected to have 
an insignificant influence on peak streamflows in 
the perennial channel system of the watershed. 
Four rapidly urbanizing sub-basins in the West 
Bend and Mequon areas,  however, a r e  expected to 
exhibit increases in future local peak discharge 
of up to 25 percent for major snowmelt-rainfall 
flood events. 

Stream Water Quality and Pollution 
The existing stream water quality data collated 
and the new stream water quality data collected 
under the Milwaukee River watershed study indi- 
cate that, although stream water quality conditions 
vary greatly from the upper to the lower reaches 
of the watershed, pathogenic contamination and 
nutrient pollution, as  indicated by coliform count 
and phosphorus concentrations, are  serious prob- 
lems throughout almost all of the watershed. 
Organic pollution, as  indicated by dissolved oxygen 
levels, i s  not yet as  serious a problem in the 
Milwaukee River watershed a s  in some other 
watersheds of the Region, particularly the Root 
and Fox River watersheds; but relatively long 
reaches of the Milwaukee River, nevertheless, 
exist in which dissolved oxygen levels drop below 
the minimum levels required to sustain fish 
life during the night-time hours of the summer 
months. Inorganic pollution i s  not widespread but 
constitutes a constant danger, while aesthetic 
pollution i s  clearly in evidence, particularly in the 
lower reaches of the watershed. 

Existing water quality conditions do not, con- 
sidering the watershed as  a whole, meet the 
standards for the state-established water use 
objectives. These objectives include the main- 
tenance of a warm-water fishery and whole-body- 
contact-recreational use for all streams in the 



watershed except Lincoln and Indian Creeks and, 
in addition, industrial and cooling water use of the 
entire main stem of the Milwaukee River and of 
Cedar Creek at Cedarburg. Over 84 miles, o r  
about 85 percent of the total length of the main 
stem of the Milwaukee River, from its  source in 
the Town of Osceola (Fond du Lac County) to i ts  
discharge to the Lake Michigan estuary at the 
North Avenue Dam in Milwaukee, presently do not 
meetone o r  more of the standards forone o r  more 
of the state-established water use objectives. 
Similarly, over 44 miles, o r  about 20 percent of 
the total length of the 29 major tributaries of the 
Milwaukee River, do not meet one o r  more of the 
standards for  one o r  more of the state-established 
water use objectives. Stream water pollution, 
while generally widespread throughout the water- 
shed, i s  particularly severe below the Milwaukee 
County line; and the Milwaukee River and i ts  
tributaries in the lower reaches of the watershed 
may be considered to be grossly polluted. 

Twelve major municipal sewage treatment plants, 
all of which provide secondary treatment, dis- 
charge wastes to surface waters of the Milwau- 
kee River watershed. These 12 plants are  all 
located upstream from the Milwaukee County line. 
The major pollutants associated with the wastes 
from these treatment plants are oxygen-demanding 
organic materials (BOD), pathogenic bacteria, 
and nutrients. The water quality analyses con- 
ducted in the watershed study, including the 
development and calibration of a water quality 
simulation model, led to the conclusion that, above 
the Milwaukee County line, most of the average 
daily organic waste loading was contributed by the 
waste discharges of these sewage treatment plants 
and that the BOD contributions from other sources, 
such a s  urban and rural  runoff, were minor, par- 
ticularly during times of low stream flow. The 
BOD loading under low flow stream flow conditions 
above the Milwaukee County line averaged, in 
1967, ahout 1,200 pounds per day. 

A similar analysis at the North Avenue Dam indi- 
cated a total average daily organic waste loading 
contribution to the river system of about 18,200 
pounds. Of this total, 7 percent, o r  1,200 pounds, 
a re  contributed by the sewage treatment plants 
located above the Milwaukee County line, and 
93 percent, o r  17,000 pounds, are  contributed by 
the sewer overflows located on the river system 
between the Milwaukee County line and the North 
Avenue Dam. Of the latter, 85 percent, o r  14,450 
pounds, are contributed by the 85 separate sani- 

tary sewer overflows, and 15 percent, o r  2,550 
pounds, by the 10 combined sewer overflows. 
Thus, i t  is estimated that more than 6 million 
pounds of BOD enter the Milwaukee River above 
the North Avenue Dam annually as  a direct result 
of sewer overflows. 

High coliform counts are  found in major reaches 
of the Milwaukee River. Coliform counts of 
9,500 MFCC/100 ml are  found below the Kewas- 
kum sewage treatment plant; 5,000 M F C C / ~ O O  ml 
above the Barton Dam; 19,500 MFCC/~OO ml in 
the vicinity of the railroad bridge in West Bend; 
5,000 MFCC/100 ml in a reach extending six 
miles downstream from the West Bend sewage 
treatment plant; 22,000 MFCC/100 ml above the 
Chair Factory Dam; 36,000 MFCC/~OO ml above 
the Limekiln Dam in Grafton; 65,000 M F C C / ~ O O  
ml above the Estabrook Park Dam; 50,00OMFCC/ 
100 ml downstream from the Estabrook Park Dam; 
and 170,000 MFCC/100 ml upstream from the 
North Avenue Dam in Milwaukee. Coliform con- 
centrations greater than 1,000 M F C C / ~ O O  ml 
throughout the Milwaukee River, Cedar Creek,' 
Lincoln Creek, the lower reaches of the North 
Branch, and several small tributaries indicate 
that these streams are  all unsuitable bacterio- 
logically for whole-body-contact-recreational use. 
Coliform concentrations in excess of 5,000 MFCC/ 
100 ml throughout all,  o r  most of, Cedar Creek, 
Silver Creek (Sheboygan County), the Adell tribu- 
tary, and Lincoln Creek and for major reaches 
of the Milwaukee River downstream from Kewas- 
kum, West Bend, Fredonia, Saukville , Grafton, 
Thiensville, and Lincoln Creek indicate that these 
reaches and streams are  bacteriologically unsuit- 
able for any recreational use. The principal 
causes of these high coliform levels outside the 
Milwaukee County portion of the watershed are 
effluent discharges from municipal sewage treat- 
ment plants. Such high coliform levels in streams 
within Milwaukee County a re  principally caused by 
untreated overflows f m m  the combined and sepa- 
rate sewer systems serving areas tributary to the 
stream network. 

' Water quality sampling data collected by the Wisconsin 
Department of Natural Resources during the period from 
1968 through 1970 indicates a substantial improvement in 
the water quality of Cedar Creek, primarily due to the cor- 
rection of malfunctioning septic tank systems located in 
the watershed area tributary to Cedar Creek and to the 
improvement of the waste treatment facilities serving the 
Libby, McNeill, and Libby, h c .  cannery at Jackson. Such 
corrective action and improvements have been largely due 
to the efforts of the Cedar Creek Restoration Council, a 
citizens' organization. 



The major surface water quality problem existing 
within the Milwaukee River watershed, however, 
i s  excessive fertilization. This problem affects 
all of the r iver and i ts  major tributaries. The 
major sources of phosphorus reaching the streams 
of the watershed a re  waste discharges from the 
municipal sewage treatment plants, agricultural 
runoff, urban runoff, and overflows from the com- 
bined and separate sewer systems in Milwaukee 
County. Approximately 54 percent of the total 
nutrient loading on the stream system above the 
Milwaukee County line i s  contributed by municipal 
sewage treatment plants, approximately 33 per- 
cent by agricultural runoff, approximately 7 per- 
cent by urban runoff, and the remaining 6 percent 
by all other miscellaneous sources. In direct 
contrast, approximately 18 percent of the nutrient 
loading on the stream system above the North 
Avenue Dam is contributed by municipal sewage 
treatment plants, approximately 11 percent by 
agricultural runoff, approximately 9 percent by 
urban runoff, and approximately 60 percent by 
combined sanitary sewer and storm sewer system 
overflows, and the remaining 2 percent by all 
other sources. 

The connected population served by municipal 
sewage treatment plants discharging to the Mil- 
waukee River system above the Milwaukee County 
line may be expected to increase from about 
38,000 persons at the present time (1967) to about 
65,000 persons by 1990; and the average rate at 
which these plants discharge treated sewage to 
the stream system may be expected to increase 
from the present level of about 7 cfs to almost 
19 cfs. This increase may be expected to take 
place even though the Mequon-Thiensville area is 
connected to the Milwaukee metropolitan system 
by the year 1990. Thus, about 23 percent of the 
sustained low flow of the Milwaukee River at 
the Milwaukee County line presently consists of 
sewage treatment plant effluent; and this propor- 
tion may be expected to increase to 44 percent by 
the year 1990. 

If adequate disinfection of the effluent from all of 
the municipal sewage treatment plants i s  provided, 
the streams of the watershed outside Milwaukee 
County may be expected to be bacteriologically 
suitable for all recreational uses. Within Mil- 
waukee County, however, the streams may be 
expected to remain unsuitable for such uses 
because of the effects of the untreated sewage 
overflows from both the separate and combined 
sewer systems serving this area of the water- 

shed. In addition, dissolved oxygen levels in over 
20 percent of the total length of the main stem of 
the Milwaukee River may be expected to fall below 
the levels required for the maintenance of a warm- 
water fishery throughout relatively long periods 
of time. Even if an average of 80 percent phos- 
phorus removal is provided at  all of the existing 
municipal sewage treatment plants within the 
watershed, the total amount of phosphorus dis - 
charged to the surface waters of the watershed 
upstream from the Milwaukee County line by 1990 
may be expected to remain at approximately the 
same level as  i s  presently entering these surface 
waters and causing nuisance aquatic plant growths. 

Thirty-nine industrial waste sources exist in the 
Milwaukee River basin, with 26 being concentrated 
in the vicinity of Lincoln Creek and the Milwaukee 
River downstream from the Milwaukee County 
line. Major pollutants associated with industrial 
outfalls are oxygen-demanding organic materials, 
toxic chemicals, and heat. Although all of the 
industrial waste discharges affect stream water 
quality in the immediate vicinity of the outfall, 
these at present represent a relatively minor 
contribution to the overall deterioration of sur- 
face water quality within the Milwaukee River 
watershed. 

Drainage and runoff from both urban and agri- 
cultural lands a re  also major sources of water 
pollution within the watershed. Major pollutants 
associated with such drainage and runoff are  
silt ,  nutrients, pesticides, and oxygen-demanding 
organic materials. All of the Milwaukee County 
portion of the watershed i s  served by acentralized 
public sanitary sewerage system; and, therefore, 
no significant problem of stream pollution from 
septic tanks exists within Milwaukee County. About 
42 square miles, o r  78 percent of the developed 
urban area of the watershed outside Milwaukee 
County and all of the rural area, containing a com- 
bined population of about 40,000 persons, rely 
primarily on individual septic tank soil absorption 
systems for the disposal of domestic wastes. As 
already noted, about 56 percent of the Milwaukee 
River watershed i s  overlain by soils having severe 
limitations for intensive urban development utiliz- 
ing soil absorption sewage disposal systems; and 
some areas of the basin, particularly certain 
large residential subdivisions, are  experiencing 
problems of faulty soil absorption disposal sys- 
tems and a re  thereby contributing to surface 
water pollution. 



Lake Water Quality and Pollution 
With respect to lake water quality, the study 
found that several of the 21 major lakes within 
the watershed- including Wallace, Smith, Little 
Cedar, Mauthe, Random and Ellen Lakes-are in 
an advanced state of eutrophication, as  indicated 
by high phosphorus contents, low dissolved oxygen 
contents, and excessive growths of algae and 
aquatic weeds. Coliform levels o r  concentrations 
of ions indicative of pollution are found to be high 
in several of the 21 major lakes in the watershed, 
including Little Cedar, Ellen, and Random Lakes, 
and are  indicative of the sanitary hazard resulting 
from sewage discharges resulting from urban 
type residential development around these lakes. 
Existing and future water uses of the major lakes 
in the watershed are  and may be expected to 
remain exclusively related to recreational activi- 
ties. Thus, present and expected future lake water 
quality problems include public health hazards and 
overfertilization. Although eutrophication was, in 
the past, basically a natural phenomenon, nutrient 
inflow to the lakes of the watershed as a result of 
human activities has increased the rate of eutro- 
phication in recent years. Over 90 percent of the 
phosphorus and 41 percent of the nitrogen pres- 
ently entering the major lakes of the watershed 
are  estimated to be derived from human activities 
in the watershed. Major artificial sources of 
nutrient contributions to the lakes in the water- 
shed a re  drainage from septic tanks and runoff 
from agricultural lands. Significant amounts of 
nutrients leak out of drained and filled wetlands 
which also contribute to the eutrophication of 
surface waters. Unless effective water quality 
management programs are  mounted, the number 
of lakes suitable for recreational and aesthetic 
enjoyment will continue to decrease rapidly in 
the future. 

Water Use and Supply 
Surface water from Lake Michigan i s  presently 
the principal source of municipal and industrial 
water supply within the Milwaukee River water- 
shed. Water use within the basin in 1967 totaled 
67 million gallons per day, of which 80 percent 
was obtained from Lake Michigan to supply the 
lower reaches of the watershed within Milwaukee 
County. The remaining 11.8 million gallons per 
day were obtained primarily from ground water 
sources to supply users in the Villages of Bayside 
and River Hills in the lower watershed and all of 
the watershed above the Milwaukee County line. 

The quantity of water used within the basin aver- 
aged 123 gallons per capita per day, ranging from 
a high of 293 gallons per capita per day in the Vil- 
lage of Random Lake to a low of 81 gallons per 
capita per day in the Village of Brown Deer. Muni- 
cipal and private water utilities supplied 59.2 mil- 
lion gallons per day, or 88 percent of the total use 
within the basin, of which 53.4 million gallons 
per day, or  almost 91 percent, constituted Lake 
Michigan water; self-supplied domestic and agri- 
cultural users,  4.3 million gallons per day, or  
6 percent of the total use, almost all of which 
constituted ground water ; and self-supplied com- 
mercial and industrial users,  3.4 million gallons 
per day, or 6 percent of the total use, almost all 
of which also constituted ground water. 

About 74 percent of the total of 11. 8 million gal- 
lons of ground water supplied within the basin on 
an average day was obtained from the shallow 
aquifers and about 3.1 million gallons per day, 
o r  26 percent, from the deep sandstone aquifer 
underlying the watershed. Approximately 37 per- 
cent of the ground water for municipal and private 
utilities was derived from the deep sandstone 
aquifer; almost none of the self-supplied domestic 
and agricultural water supplies were derived from 
the deep aquifer; and approximately 50 percent of 
the self-supplied commercial and industrial use 
was obtained from the deep aquifer. 

Total water use may be expected to increase by 
about 51 percent within the watershed by 1990, 
reaching an approximate total pumping ra te  of 103 
million gallons per day, or 37. 6 billion gallons 
per year. Lake Michigan and the Milwaukee River 
may be expected to supply approximately 76 per- 
cent of this total use, while ground water may be 
expected to supply the remaining 24 percent. 

Municipal and self-supplied commercial and indus- 
trial use in those portions of the watershed out- 
side the Milwaukee water utility service area may 
be expected to depend almost entirely upon the 
ground water for supply and may be expected to 
pump approximately 16 million gallons per day. 
The water supply available from ground water 
sources i s  believed to be adequate for both muni- 
cipal and industrial pumpage beyond the year 1990, 
provided that a properly spaced network of wells 
i s  used to develop these supplies and that the 
recharge areas are protected from incompatible 
land use development in order to assure both the 
quantity and quality of the recharge water reach- 
ing the aquifers. 



The City of Mequon and the Villages of Thiens- 
ville, River Hills, and Bayside within the water- 
shed will, by 1990, need to provide public water 
supply systems. Such systems will become nec- 
essary not only because of increasing demand 
for water and the growing concentration of this 
demand in small areas but also because of declin- 
ing water levels in the deep aquifer underlying 
this portion of the watershed, because of the pos- 
sibility of the natural pollution of the deep aquifer 
a s  the water level continues to decline, because 
of the susceptibility of the shallow aquifers to 
man-made pollution, and because of the need for 
f ire protection within the communities. Lake 
Michigan i s  the most dependable alternate source 
from which to obtain such public supply. The Vil- 
lages of Cascade and Jackson, along with the 
unincorporated Villages of Newburg and Waubeka 
within the watershed, will also have to provide 
public water supply systems by 1990. These com- 
munities, however, will be able to obtain the sup- 
plies from ground water sources. 

CONCLUSION 

The publication of this, the f irst  of two volumes 
comprising the final planning report documenting 
the findings and recommendations of the South- 
eastern Wisconsin Regional Planning Commis- 
sion's comprehensive Milwaukee River watershed 
planning program, marks the completion of the 
f irst  phase of that program. That phase has, of 
necessity, been directed to careful inventory, 
analyses, and forecast operations in order to pro- 
vide the definitive knowledge of the existing and 
probable future state of the 694 square mile 
watershed necessary as  a basis for the prepara- 
tion of a long-range development plan for the 
watershed. The inventory findings and forecasts 
picture a dynamic and rapidly changing water- 
shed, one in which the population may be expected 
to increase by 25 percent, from 544,000 to more 
than 678,000 persons within the next 23 years 
(1967-1990), and one in which the area of land 
devoted to urban use may be expected to increase 

by 30 percent, from 102 square miles in 1967 to 
133 square miles by 1990. If existing trends a re  
allowed to continue within the watershed, much of 
this new urban development will not be related 
sensibly to the underlying and sustaining natural 
resource base of the watershed, particularly to 
i t s  soils, i ts  lakes and streams and associated 
floodlands, its woodlands and wetlands, and i ts  
wildlife habitat areas,  nor the long-es tablished 
public utility systems and service areas. The 
deterioration and, in some cases, the complete 
destruction of the wetlands, woodlands, wildlife 
habitat areas,  and potential park sites remain- 
ing within the watershed can, in the absence of 
a sound comprehensive watershed development 
plan, and implementation of that plan, be expected 
to continue, a s  can the encroachment of urban 
development onto the historic floodlands of the 
watershed. Deficiencies in land and water area 
for outdoor recreational use, already evident, can 
be expected to become more severe, as  can the 
serious and widespread environmental problems 
of flooding and water pollution already existing 
within the watershed. 

The first  phase of the watershed planning program 
and this, the f irst  volume of the watershed plan- 
ning report, have, of necessity, been confined, 
a s  already noted, to documenting the existing 
and probable future water resource and water 
resource-related problems of the watershed. This 
documentation, however, provides the basis for 
the development of definitive plans and concrete 
recommendations for both the public works facility 
construction and the land and water management 
poIicies required to solve the pressing environ- 
mental and developmental problems existing within 
the watershed and thereby to realize the full 
potential of this important watershed. The alter- 
native courses of action available for abating 
the problems of the Milwaukee River watershed, 
together with the recommendations concerning 
the best courses of action and the means for  
implementing these, are  set forth in Volume 2 of 
this report. 
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LAND USE IN THE MILWAUKEE RIVER WATERSHED 
TRIBUTARY TO EXISTING STREAM GAGING STATIONS 

Mop C-l 
AREAS TRIBUTARY TO EXISTING 

STREAM GAGING STATIONS 

LEGEND 

-1 TRIBYTM m WE mwrru* snnoN-rcE 
F-$. lm15 AREA A- TRIBVTARI. 7 0  THE WAUBEXA AMI < 
M L W K E E  SMTONS--YE 7-8 C-4 A M I  C-Bl. 

A e s I  TRIBUTARI m W NEW R W  mTION--SEE TMLE I C-2. m 1 S  &.EL. nLYI TRIBUTARY To THE -)(. W D  
MILW-L UAT#ONS--SEE IABLLI C-4 AND C-Sl. 

AREQ TRIWTAW m 7- FlLLMaRE STATION-SEE ThBLE 
C - .  In418 ME4 &LY) TRmUTm TO THE W m  AND 
M8LWUI.E STATIONS-SEE TABLES "-4 AND MI. 

AREA TllsUTlRY TO THE - I ( I  STAnON-SEE TABLE rn C" (NOTE: I H E  -&S TRIWTAR" TO THE K E W K L M .  
NEW F&NX AND FlLLMORE STATION8 - TWUTARI 
ro nc wksEm m l m r  

AREA TRIWWW m WE ~TAT~ON--SEE MBLE 
C 4  mls m ALSO TaBUTArn m mE M W M E  S M T I m  
SEE W L E  C4I .  

W W ~ E  mATLONh 

*O SUB-BASIN NUM8ER 

SUBWA.MS*EO BOUNDARY 

G =-=*IN BCUNMRy 

Source: SEWRPC, 



TABLE C-1 

i X l S T I X G  L4NC USE IN ThE RILdAUKEE RIVER hATtdSHEC TRIBUTARY 
T l ,  TI-E K t N A S K U N  STKEAtJ - G A G I h G  S l A T I O h  - 1 9 6 7  

b l h ~ l _ ~ C ~ ~  id IAJ id  dNC iLEIGHRCRHCOC PARKS. 

L ~ & C  c h L  C A ~ L O L ~ Y  

URFPN LI I I JC  b S F  

KESILEI\ 'T I A L  
U R C t q  LEVtLLPPkhT.....m-o.,,. 
CEVkLCPtL~..-o.-..~*.o-m-to-o~ 

SUBTtTAL 

C 3 P P S * < C I A L ~ . - . o . . ~ ~ ~ ~ - - ~ . ~ ~ ~ ~ ~ .  .. ........... I Y I . U L l  Y I  L ~ L - .  ... ,, 
P l h I h ~ ; . . . . . . . . * + . . . . . . . ~ . . . - - - ~  
TRAhSPCPTATIC'b A 4 C  CTILITI~S:.. 
G C V f  K h b  k h T 4 L  4kL IYST I T b T  ICNPL. 
R E C ~ E A ~  I c ~ $ A L ~ .  .................. 

TCTbL UKHaR L A 4 C  USE 

RURAL LAhC U S E  

PGHILULTUKALIo*...-..-.....,,. 
Ct'Fhl L l N E  

k d F E R  AND wtTLANC. .*.a .. 
~CCCLAI\D........-..*..~...... 
UNUSEC LkNC.*.*.*.*...o..-,,, 

TCTAL RURAL LAhC U S E  

TCTAL LAhC USE 

'113 bUPMAR1LE C X I S T I N G  LANE USE AS TAHULATED I N  THE SEkRPC LANE USE INVENTCRY,  
TbE TRIBUTAgY ARE4 WAS APPRUXIMATED BY U.S. P U B L I C  LAND SURVEY EUARTER-SECTICN 
FCIJhCARIES, RESIILTIVG I N  A  TOTAL AKEA OF 128.'4 SCLAKE PILES.  THE ACTUAL 
PEASUHEC AREA TRIBUTARY TO TI-E KtkASKUR STREAM-GAGING STATICN I S  132.4 SCUARE 
PILES.  

SCURCE- SEhRPC. 

A R E A  I R  
A C K E  s 

36.5C 
b71.CP 

707.58 

33.35 
32.20 

102.28 
2 r 2 7 4 . 8 3  

86.C4 
8 2 - 6 7  

3 9 3 7 . ~ - 9 5  

569725.93 

L7?C77.32 
4,310. 3 6  

990.88 

7 9 , 1 0 4 - 4 9  

87.483.44' 

AKEA I h  
SCLAXE 

PILES 

'2.06 
1.05 

1.11 

C.05 
C.05 
C.25 
3.56 
C.13 
C.13 

5 - 2 8  

8 8 - 6 4  

2 5 * 6 8  
6.73 
1.55 

123.60 

128.88' 

PERCEhT CF 
VAJCR 

C P T E ~ C R Y  

1-1 
19.9 

21.0 

1.0 
1.0 
4.8 

67.3 
2.5 
2 - 4  

100.0 

71.7 

21.6 
5 . 4 
1.3 

100.0 

-- 

PERCEPiT O f  
WPTERSI-El3 

A R E  A 

0.1 
0.8 

0.8 

0.1 
0.1 
0.2 
2.e 
0 - 1  
0.1 

4.1 

68.8 

20.7 
5.2 
1.2 

9 5 . 9  

100.0 



t X I S T I N G  L A N D  USE IY THE M I L G A U K E E  R I V E R  h A T E f i S H E G  T R I B U T A R Y  
T G  T k E  N E H  F A N t  S T K E A P  - G b G I h G  S T A T I C 9  - 1Y67 

OINCLUCEC 2 F F - S T g E t T  P A R K I N G -  

'TC S L I V ~ A Y I Z E .  C X I S T I Y G  L A n c  u 5 t  A S  T A O U L A T ~ L :  1'4 r t -F  S ~ ~ ~ R P C  LnhD USE I ~ V F N T G K Y ,  
TbE  T 2 I R U T A R V  A8f :A h A S  A P P S U X I K A T E D  H Y  U. 5 .  P L J H L I C  L A h C  S L R V t Y  C b A K T E R - S E C T I C h  
E C U h C A r < I L S ,  Y t S U L T I Y G  IN A  T G T 4 L  A R E A  C F  52.6 S G L A K E  M I L F S .  THE A C T U A L  
P E A S U K E D  4 H t 4  T t t L P L T A R Y  T G  T I - €  NEn F A Y E  S T Q E b R  - GAGIhG S T A T I O N  I S  45.2 S O U A R E  
Y I L t S .  

P E R C E N T  G F  
k A T E k S P E G  

A R E A  

0.1 
1-0 

1.0 

0.1 
0.1 
0.1 
2.3 
0.5 
1.7 

5.6 

4 / a4 

24.2 
17.2 
5.b 

94.4 

100.0 

P E K C f h T  CF 
C A J C R  

C A T E G C R Y  

0.9 
17.2 

18.1 

1.2 
0.1 
0.9 
41 .O 

8 . 6  
30.1 

1CO .0 

50.2 

25.6 
18 .3  

509 

1COoO 

-- 

AgE-A TN 
S G L A R E  

P I L E S  

C. 03 
C* 50 

C. 53 

C.U3 
C.01 
C. 03 
1.20 
C.75 
C.e8 

2 '13 

2 4 . 9 0  

17.73 
'I . 0 6 
2.9'5 

45.64 

5 ~ . 5 7 ~  

LBNC U S E  C A I L G C R Y  

UReAh L A K C  U S E  

RES I C C Y T  IAI 
b K C t R  L t V E L L P P E h T *  ........... 
CEVELCPFC.o.o.o.o-.oot..-*ooL 

S U R T G T A L  

CCPPk2CIAL....-.....*-***.--**c 
lYCUSTRIAL*.,.....,.o..I..... 
PINIhS.......1......1.........1 
T R A h h P L ? T A l  IL,\r  4110 UTIL I TI~s:., 
G C V E H V V E U T h L  A Y L  I Y S T  I T L T  I O N 4 L .  
R E C R ~ A T I C U A L ~  ................... 

T C T 9 L  U A E A k  L A ! V C  U S E  

R U R A L  L A Y C  b 5 t  

A G R I C U L T U ? A L . . . . * . . w . . - . . .  
C P E Y  L A Y C  

X A l E K  A \ C  hkTtAYC.*.....*.... 
wCCCC~YO.............*....**. 
U h U S F U  L A & C - o . . . . o . . . o . . . * . . .  

T C T A L  ' ! U ! ' A L  LA \L: L S E  

T C T A L  L I r v C  ~ 1 s t  

A R E A  I h  
A C R E S  

15.d6 
323.C5 

3 3 8 . S 1  

21-52 
2.C7 
16.94 

708.t?8 
101.74 
564.46: 

11874.52 

1 5 , 9 3 6 . 2 1  

F!, 147- 14 
5 ,  eOC. 9 8  
17e(17.53 

31,771aP6 

33,646.38' 



T A B L E  C-3 

E X I S T I N G  L A N E  U S E  I N  T H E  M I L W A U K E E  R I V E R  b A T E R S H E C  T R I B U T A R Y  
TC T t E  F I L L M O R E  S T R E A P  - G A G I h G  S T A T I C R  - 1 9 6 7  

a I h C ~ ~ C E S  C F F - S T R E E T  P A R K L N G .  

LING U S E  C d T k G C R Y  

L i R P A k  L A k C  U S E  

R E S I  C E N T  I A L  
U K C E R  CEVPLOPMEYT,..,.....,.. 
CEVELCPEC.....*.*-**oo.o**-.- 

S U B T C T A L  

CCPPERCIAL*.*o~~.o~.~*~-~..,.., 
IKCUSTRTAL-..*-o-.oam~.,o~*i...- 
C I N I h G . ~ . . . . ~ * ~ ~ ~ ~ . . ~ . . s ~ ~ - *  
T R A N S P O R T A T I O N  AYE UTILITIES?.. 
G C V E R h p E 4 T A L  ANC I N S T I T L T I O N A L .  
R E C R E A T I C ~ A L ~ .  .................. 

T C T A L  U R B A N  L b N C  U S E  

A U R A L  L A N E  U S E  

AGKICULTURAL..*...+...*o*..-o*. 
C P E K  L 4 h ' C  

W A T E R  AND k E T L A N C *  .. -.**  
k C C C L A N D . . * . * . * . . * * - * . i . i o . . m  
U N U S E C  LAYE................,, 

T C T A t  R U R A L  LAP\D U S E  

T C T d L  L P N C  U S E  

'Tc  S U Y C b R I Z E  t X I S T I N G  L A N E  U S t  A S  T A E U C A T t U  I N  T H E  SEhRPC L A h C  USE I k V E f \ T C R Y r  
T k E  T H I E U T b R Y  AREA WbS A P P R O X I M A T E D  P Y  L.S. F U S L I C  L A h C  S L R L E Y  C U A R T E R - S E C T I C N  
B C U h I D A R I E S ,  t l t S b L T I N G  I N  A  T C T A L  A R E A  CF 1 4 7 . 7  S C L A K E  P I L E S .  Thk A C T U A L  
Y E A S U R E C  A d E A  T R I B I J T A R Y  T C  T k E  F I L L M C K E  S T 2 E A M  - G A G I N G  S T A T I O h  1 5  1 4 7 . 5  S C U A K E  
P I L E S .  

A R E A  i R  
A C R E S  

3 4 - 3 2  
l r C 3 8 - 3 2  

l r C 7 2 . 6 4  

5 7 - 9 0  
4 1 - 2 8  

1 6 3 . 4 5  
2 , 9 1 4 , 5 2  

114 .C3  
2 3 7 . e . 2  

4 * 6 0 6 . 7 6  

6 6 1 4 7 C . 7 e  

1 3 9 0 8 2 . 7 4  
e r 3 2 8 e C 2  

E 5 1 . 5 6  

8 9 , 7 3 3 . 1 0  

9 4 , 5 3 9 ,  8bc 

A R E A  I &  
S C L A R E  

P I L E S  

C . 0 6  
1 . 6 2  

1 - 6 8  

C. 09 
C - 0 7  
C.26 
4 - 5 5  
C *  1 6  
C . 3 7  

7  2 C 

1 C 3 . 8 0  

2 1 - 3 8  
13.95 

1 - 3 3  

1 4 C . 5 2  

1 4 7 . 7 2 '  

P E R C E i t T  CF 
FJAJLR  

C A T E G C R Y  

0.8 
2 2 . 5  

2 3 - 3  

1 - 2  
1.0 
3.5 

63.3 
2 - 5  
5.2 

100.0 

73-9 

1 5 . 2  
9.9 
1.0 

1CO.O 

- - 

F E R C E R T  C F  
W A T E R S h E C  

A R E A  

0 - 1  
1- 1 

1.1 

0 -  1 
0. 1 
0 a 2 
3.1 
0 - 1  
0.3 

4 . 9  

7 0 . 3  

1 4 . 5  
9 04 
0.9 

9 5 . 1  

100.0 



TABLE C-4 

EXISTING LAND USE I N  THE MILWAUKEE RIVER WATERSHED TRIBUTARY 
TO THE WAUBEKA STREAM - GAGING STATION - 1967  

'TO SUMMARIZE EXISTING LAND USE AS TABULATED I N  THE SEWRPC LAND USE INVENrORY, 
THE TRIBUTARY AREA WAS APPROXIMATED BY U.S. PUBLIC LAND SURVEY QUARTER-SECTION 
BOUNDARY RESULTING I N  A TOTAL AREA OF 424.1 MILES. THE ACTUAL MEASURED AREA 
TRIBUTARY TO THE WAUBEKA STREAM GAGING STATION I S  419.2 SQUARE MILES- 

LAND USE CATEGORY 

UReAN LAND USE 

RESIDENTIAL 
UNDER DEVELOPMENT..-=o*.*oooo 
DEVELOPED-ooo.-o-.*.--o*o*.*- 

SUBTOTAL 

C O M M E R C I A L o * . ~ o . o ~ ~ ~ ~ - . . . ~  
I N D U S T R I A L ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ * - ~ ~ ~ ~ ~ ~ ~ ~  
MINING..-.l..o.....*....o*t--oo 
TRANSPORTAT ION AND U T I L  ITIES: . . 
GOVEKNMENTAL AND INSTITUTIONAL* 
RECREATIONAL~, .. . .. . . . . . . . ....-. 

TOTAL URBAN LAND USE 

RURAL LAND USE 

AGRICULTURAL.-.....-*....... 
OPEN LAND 

WATER AND WETLAYD*oo...-.o*.. 
W O O D L A N D . . * - . o . . . - o , , , , . . w  
UNUSED LAND-.---.--...-*..,,. 

TOTAL RURAL LAND USE 

TOTAL LAND USE 

SOURCE- SEWRPC. 

AREA I N  
ACRES 

436.17 
49287.65 

4 r  723.82 

222.51 
341.73 
658.24 

8,530.34 
688.53 

1,418.64 

16,583.81 

1779672.49 

479338.40 
251470.65 

4.418- 75 

254s 900.29 

271r484.10C 

AREA I N  
SQUARE 

MILES 

0.68 
6. 7 0  

7.38 

- 3 5  
53 

1.03 
13.33 

1 - 0 8  
2.22 

25.92 

277.61 

74.00 
3 9 - 8 0  

6.90 

398.31 

424.13' 

PERCENT OF 
MAJOR 

CATEGORY 

2.6 
2 5 - 9  

28.5 

1.3 
2 0 0  
4.0 

51.4 
40 2 
8.5 

100.0 

69.7 

18.6 
10,O 

1.7 

100.0 

-- 

PERCENT OF 
WATERSHED 

AREA 

2 
1.7 

1.9 

- 1 
* 1 
• 3 

3 -  1 
03 . 5 

6 - 2  

65.4 

17.4 
9 • 4 
1.6 

93.8 

100.0 



TABLE C-5 

E X I S T I N G  LAEC USE IN THE MLLkAUKEE RIVER kATERSHED TRIBUTARY 
TC TkE CECARBURG STREAM - G A G I N G  STATLCN - 1 9 6 7  

b ~ ~ ~ ~ ~ ~ t ~  PAJCR ANC NEIGHBCRhCOD PARKS. 

'TC SUPVAKIZE F X I S T I N G  LAkC USE AS TABULATED IN THE SEkRPC LANE USE LNVFNTORYI 
TPE TRIRUTP2Y DUE4 WbS APPROXIMATED RY U,S. PUBLIC LAND SLRVEY CUARTER-SECTICN 
E!CUNCPi<IES, HESULl ING I N  A TGTAL AREA OF 12C.O SQCARE PILES. THE ACTUAL 
PEASL!KEC A 3 t A  TKIHbTAKY T C  TkE CEEARBURG STREAP - GAGING S T A T I L h  I S  119-9 
SEUARE E I L t S .  

PERCENT OF 
WATERSHED 

AREA 

0.2 
2.2 

2.4 

0.1 
0.1 
0 0 2  
3.9 
0.1 
0.2 

7.0 

6 9  9 

14.6 
8 - 2  
0.4 

93.1 

100.0 

SCURCE- SEnRPC. 

LbNC USE CATEGORY 

URBAh LANC USE 

RES I CEhiT I AL 
UNCER CEVELOPVENT~,..,.....,, 
CEVELCFECo..,...oo...o-*.oti.o 

SUBTOTdL 

C G P F E R C I A L ~ o ~ ~ ~ . o ~ ~ ~ ~ . ~ . ~ o ~ . - . m  
INCUSTRIAL.-o.o,.o**...-.oo-oo- 

P I h I N G - o o . . . o . m . * o - o . o o o . - o . - o . -  
TRANSPORTAT ICM A N C  UTILITIES:~. 
GCVERtSVEhTAL ANC INSTITLTICNAL.  
RECRLAT~CNAL~...,.....~~.....,, 

TOTAL URCPk LANE USE 

RURAL LAhC USE 

AGRICULTURAL,.o.o-.*--~-*....*, 
CPEN t e b c  

h A T t f :  PNC kElLAI4C.  ..* .-o..-o* 

W C G C L b N O . - ~ ~ - . ~ - . ~ ~ ~ ~ ~ . ~ ~ ~ . . ~  
UkUSEC LAMC,*,..-o.*........, 

T C ~ A L  RURAL LAXC USE 

TCTAL LdhC USE 

AREA I h  
SCLARE 

P I L E S  

c. le  
2 -  6 4  

2.82  

0- 0 6  
C - 0 6  
0.26 
4 - 7 2  
C- 12 
0.24 

8 - 2 8  

83.86 

f 7-49 
9.87 
C.66 

111.68 

1 1 ~ ~ 9 6 ~  

AREA I h  
ACRES 

116.75 
1,688.45 

1,805.2C 

3 6 - 7 9  
3 8 -  1 8  

165.86 
3 r C 2 2 - 6 6  

1 8 - 8 7  
1 5 3 - 9 8  

5.2S9.54 

539669.15 

1 1 , 1 9 5 - 2 6  
0.314.8C 

293.25 

71,472.46 

76, 772.ccc 

PERCEKT CF 
YAJOR 

CATEGORY 

2 2 
31.9 

34.1 

0 -  7 
0-7 
3.1 

57.1 
1.4 
2 -9 

100.0 

75.1 

15.7 
8 .  R 
0- 4 

1OO.O 

-- 



TABLE C - 6  

EXISTI'JG LbNC USE I N  THE MILwAUKtE R I V E R  wATERSHEC TRIBUTARY 
T i  TkE P ILkPUKtE  STREAM - GAGIXG S T A T I C R  - 1967  

'TC SUPMASIZE EXISTINS LAhC USE A S  TABULATED I N  THE SEWRPC LAND USE INVENTORY, 
T t F  TKIi3UTAKY AStA hAS APPRCXIPATEO BY U.S. PUBLIC LAkO SLRVEY QUARTER-SECTION 
BOUhCPi?IESv RESULTING I N  A TOTAL AREA OF 677.2 SCLARE PILES. THE ACTUAL 
VEbSUKEC P R C A  T9IBUTAKY TO TbE MILkAUKEE STREAM - GAGIkG STATICN I S  6 7 5 - 4  
SCUARE MILLS. 

SCURCE- SENRPC. 

LPNC USE CATELLYY 

U R E d N  L b h C  !/SF 

RESICENr l  AL 
UhCER CEVfLCPVEYT.*..*..*,.,, 
CfVELCPEDI..*.....*.*-..*o~o* 

SUBTCTAL 

CCPPERCIAL.,..-........,,,, 
lRCUST13lfi i  .***.-..o.*.o.*.-*.... 
CIhIkG.o.*........~.***~*~-*~~~ 
T ~ A ~ S P O ~ T I ~ T  Ii& 4 l C  LTIL ETIES?.. 
G C V f  R h P F Z T b L  A N C  I V S T  I TbT IONAL. 
R E C R ~ P T I C ~ A L ~  .....*..*.t.*.***.. 

TCTAL UKBAh LAhC USE 

PUR4L LA&C USE 

AGRICULTUKAL.*.*..-t****-***g.o 
OPEN LASE 

kP lEK  B k C  nETLPYC......,,.... 
hCLCLAnC..................... 
UNUSEC LDYC., . . . . * - . * -* . **m 

TCTbL KL94L L4NC USE 

TCTbL LAYC USE 

ARFA I N  
SCLARE 

PILES 

3 - 4 0  
32 -02  

35.42 

1 - 3 8  
1 6 9  
1.74 

33.52 
4.45 
6.90 

85.10 

424.01 

lC1.18 
54.74 
1 2 - 1 7  

592.10 

677.20' 

ARtA I &  
ACRES 

29 174.99 
20,452.SC 

2 2 r t 6 7 . 8 9  

e82.97 
l r C 8 5 . 4 8  
1,112.76 

21,451.1G 
2 ,846-34  
4,415.89 

54,466043 

2711368.45 

64,752.9C 
35,C32.18 

7,791.CL 

37F9944. 54 

433p41C.97' 

PERCENT OF 
PAJCR 

CATEGCRY 

4.0 
37.6 

41.6 

1.7 
2.0 
2 - 0  

39 . 4 
5 2  
8. 1 

100.0 

71.6 

17.1 
9 . 2  
2.1 

100.0 

-- 

PERCENT OF 
k ATERSHED 

ARE A 

0  5 
4 - 7  

5-2 

0.2 
0.3 
0.3 
5.0 
0 6  
1.0 

12.6 

62.6 

14.9 
8. 1 
1.8 

87.4 

100.0 
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Appendix D 

FLOOD DAMAGE SURVEY FORMS 

'roun<, ,..I. Y d  .I.,aIDYI. - 
c.... T I V n . ,  I*. - 

10t.1 D l . * d  ,- 
8"dtr.ct - 

LO.. 0' " l n l n s l  * 
*,lo,". b.l o' F l O I  r/.ht,"9 t- 

- 
DC".tl0. M w U ~ Y p . l l m  

B,h.. 
TO,, ,-- 
1,.* TO1., f-- 

1.1". o' , " , ld l " l  
*I.".nl 0.1. 

".IU h L . . f ,  
302. * L i l d l n s  1 ,t. m. F,mr,p 

"0, 0' PS.*O"' o,s,"pt.6 Frc. .or.- 

U d l , i n  .' *,14,w. 
I... *.llh< s t  * t m r  rr- l /* ( l .d .< I " , l d l " l ~ l l .  

"e. d 0.7. -1.. I n  I.,-", 
m D d R l r P ? m r p  

.L **I .  U" 0' F.C1lltl.. ,.."..,.. b, r , . i  
m r 0 - 0 "  lrDnd i l  ...p 
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Appendix E 

FLOOD DAMAGE DERIVATION DATA 

T a b l e  E - l  

RESIDENCE FLOOD DAMAGE 

Current 
Ool l ar 
Value 

1,000 

1,500 

F loors  and Wal I s  
F u r n i t u r e  
Lawn 
TOTAL w i t h  Basement 
F l o o r s  and Walls 
Furnnture  
Lawn 
TOTAL w i t h  Basement 

830 

F l o o r s  and Wal I s  

Lawn 8 5 
I TOTAL w i t h  Basement 1 
/ F l o o r s a n d W a l l s  I 

F u r n i t u r e  

TOTAL w i t h  Basement 
F l o o r s  and Walls 
F u r n ~ t u r e  

TOTAL w i t h  Basement 
F loors  and Wal I s  
F u r n i t u r e  

TOTAL w i t h  Basement 
F l o o r s  m d  Walls 
F u r n i t u r e  I 
L a m  

1 1  awn 1 1 ( 5 5 1  5 5 1  5 5 1  6 0 1  6 0 )  6 5 )  6 5 1  7 0 )  7 0 )  7 5 1  7 5 )  8 0 1  8 0 )  8 5 1  8 5 1  9 0 1  9 0 1  9 5 1  9 5 1  

1 TOTAL w i t h  Basement I 
8 1 I I 1 7 1 9 0  2050 1 2140 2;:: 1 2;;; 1 2;;; 2'47: 1 2::; 2::; 1 yiiz 1 1 '2:;; 1 1 1 ii;; ;:': 1 

F u r n i t u r e  1 2000 1 I 7;; I 10;; 1 12;; 1 13;; 1 15;; 1 15:; 1 16;; ( 16;; 1 17;; 1 1700 
1700 1700 1700 1700 1700 1700 1700 1700 

80 / 8 0 1  8 5 1  8 5  1 90  1 9 0 1  95 1 9 5 1  100 

I I TOTAL w i t h  Basement 1 ) ZOO 1 1480 I 1820 1 2025 1 2235 1 29VO I 2555 I 2660 1 2775 1 2885 1 29'45 1 3005 I 3070 I 3125 I 3190 I 3490 I 31195 1 3995 1 3500 

515 560 625 675 
1825 730 9 8 5 1  1130 1 1 2 5 0 1  1 3 7 0 1  1915 1460 1505 I550 1550 1550 1550 1550 ( 1 5 5 0  1550 1550 1550 1550 1550 . 

Source: 11. S. Department of Agriculture. 

F l o o r s  and Walls 
F u r n i t u r e  



&
 

6 ;. 
;
 

b
 

6
 

" 

m
m

-
f

 
r

-
m

-
o

 
n

-
-

 

z
z

0
-q

 
-
-
 

n
-

-
 

e
g

o
: 

n
-

-
 

m
~

m
o

o
m

o
o

 
N

O
O

C
 

Z
Z

-
C

 

:P
o

"?
 n

 

2
0

0
8

Z
z

z
Z

z
 

~
2

-
h

r
-

m
-

o
 

s
s

8
m

O
m

o
m

 
(D

m
-C

 
-
 - 

o
m

o
m

 
O

o
N

N
z

S
n

O
 

O
N

-
-

 
*

N
N

 

g
z

z
: 

(
~

~
-

r
c

~
m

-
o

o
~

-
c

p
~

m
-

~
m

m
-

~
r

c
-

-
o

 
~

N
N

 

8
$

"
g

%
%

s
g

 
2

N
N

 

o
m

m
o

 
g

s
=

g
 

+
N

N
 

r- 
0

-
-

 
h

m
-

o
 f

N
N

 
f

N
N

 
g

g
E

2
5

:$
2

E
 

m
N

N
 

*
N

O
 

z
g

z
z

 
‘

0
0

-
 

g
zz?

 
-
-
 

a
 

r: 

N
O

-
N

 
~

N
N

 

s
s

p
g

 
~

N
N

 

O
N

-
m

~
m

-
~

m
 

J
-

N
N

 

o
o

m
o

 
s
z
L

"
z
g

$
=

z
 

9
-

N
 

0
3

f
f

 
a, 

0
 

- Y C
 

f
 

Y
 

% 

~
~

~
~

~
;
~

~
~

~
~

~
 

0
0

m
f

 

o
o

o
m

o
o

o
o

 
0

-
m

m
o

o
m

m
 

m
m

-
0

0
N

-
m

N
m

-
r

t
 

-
0

9
 

(
D

m
0

 
Z

zZ
Z

 

O
m

w
f

 
-

m
(

D
W

-
m

 
g

$
g

z
g

z
g

$
 

f
 

-
-
 

o
m

o
o

o
o

 
0

0
9

 o
 

o
m

-
,
 

~
N

N
 

g
g

O
,* 

~
N

N
 

X
;zZ

 
h

 
o

N
N

 

I 

o
m

m
m

 

m
a

-
 

m
o

m
0

0
 

h
-

0
 

o
o

o
q

 
0

-
h

 

-
N

O
 

- Y
 (D
 

b - 

f
m

-
w

 
-
-
-
 

0
 

0
 

- Y z 0
 

0
 

C
 

Q
 

0
 

rn
 

E
 

C
I 

o
m

5
:
5

:
 

m
o

 
,
-
-
o

 
 
N

O
 

(D
 

O
W

0
0

 
m

o
m

m
 

o
w

n
 

.O
 

z
g

g
z

 
,.--: 

m
N

O
 

o
m

m
o

 
~

,
~

~
 

-
N

r
n

 

m
 

s
z

$
g

c
~

:
m

t
 

-
-
 

m
 

qq,"z:%
g," 

-
-
 

a
 

- - g
 I
 

*
-

a
 

o
~

o
o

o
m

o
o

 
0

0
0

o
 

-
9

-
m

 
o

m
 

0
0

0
0

 
O

q
~

o
m

m
C

O
 

o
 

m
 

n
n

 

g
8

%
$

 
.=

.=
.-rn

N
(D

-f 

o
o

o
m

o
m

m
m

 
0

3
,r 

-O
n

- 

m
m

m
o

 
m

 
-
-
 

m
 

:=
?

 

. st - ;) 
ni 

%
%

z
E

"
8

Z
g

g
g

s
g

0
,8

,"
 

(
D

N
-

N
m

m
-

-
o

m
-

N
N

-
 

f
-

N
 

::: 
:a

s
 0
 

Z
?

 

m
m

m
m

 
+

N
-

o
 

-
N

 
f
 

%
,"8

?
 

,
f
2

=
-

1
 

%
8

h
W

N
t

0
W

 
m

b
 

N
 

m
o

m
0

 

zgh;,"E
m

g 

~
2

g
m

m
m

m
o

 

h
E

 
N

 

m
3

Z
N

g
 

m
3

Z
N

2
 

m
t

r
 

0
0

0
0

 
o

o
m

n
 

m
3

Z
-

Z
 

m
m

r.0
 

a
m

-
m

 
w

o
n

 

0
-

0
0

 

N
(

D
-

m
 

~
N

N
 

-
 

N
 

N
 

n
-
N

 
n

-
N

 
f
 

-
N

 
f
 

-
N

 
j

-
n

 
m

-
m

 
m

 

0
 

-
 

N
 

.
)
 

o
o

m
o

 
t

m
o

m
~

m
-

m
o

o
~

n
l

c
o

o
r

o
 

(
~

o
-

m
 

-
N

 
5
. 

%
5

:0
_

E
,","z

s
 

"
g

-
=

'D
g

-
z

 

m
O

0
0

0
~

O
O

O
o

 

m
m

z
 

m
m

o
m

 

$
 , m
 

- 9 

0
 

o
o

o
o

o
o

 
0

-
m

m
 

m
m

-
o

 
~

n
n

 

0
0

0
0

 
m

m
 

5
:;-o

 

 
 
N

O
 

0
 

m
 

N
 

c-4 

o
-

$
m

O
O

O
O

 
~

N
-

Z
O

O
-

~
 

m
n

f
 

0
0

0
m

0
0

0
0

 
m

-
m

m
o

o
-

m
 

~
g

s
q

o
m

o
o

 
f
 

*
N

O
 

o
m

o
m

 
m

m
-

o
 

-
N

 

0
0

-
 

m
 

m
-

N
 

m
m

o
o

 

m
o

m
0

 
g

~
~

~
-

m
m

m
~

m
m

m
-

m
~

c
o

r
-

m
 

a
m

2
 

8
E

m
m

m
O

O
O

 
w

N
w

f
 

P
 

0
 

0
 

0
 

s 
8

 
0
 

N
 

N
 

P
 

00 
m

 
m

 
m

 

*
 

C
 

*
 

&A 
C

 
C

 
C

 
*
 

*
 

- 
n
-
 

*
-

 
a
 - 

n
-

 
n

 
- 

m
y

 
2

=
 

2
=

 
n

-
 

m
 

"
-

 
- 

$
2

 
2

2
 

d
i

 
d

i
 

$
 

$
2

 
$

i
 

d
g

 
$

2
 

$
f
 

2
 

n
 

2
 

I
 

2
;: 

:;, 
5

:
. 

Z
P

U
 
5

:
-

 
5

:
-

 
d

z
a

 
C

~
X

*
 

S
e

.
 

5
:

. 
s 

= 
%

e
 

-
m

L
 

-
a

L
 

a
 

a
 

_
*

L
 

a
 

-
m

L
 

-a,. 
- 

-
3

 
L
 - 

'
o

S
 

A
L

-
 

'
-

2
 

A
L

-
 

'
-

3
 

A
L

-
 

'
-

3
 

A
L

-
 

I
-

2
 

A
L

-
 

'
-

3
 

A
L

-
 

'
-

5
 

A
L

-
 

*
-

J
 
2

~
-

 
'

-
Q

 
'

-
2

 
3
 

A
L

-
 
A
 

8
E
5
?
 k

~
z

~
j

$
~

~
H

$
z

$
~

E
5

Z
 

8::: 
8

 E
S

2
 8
E
S
Z
 8::: 

8:;:HE:Z 
- Y2

1
g
L
-
2
~
 

Y
Y
A
C
 -
L
A
C
 ,:I? 

G
Z
f
E
 G
 Z

9
?
G
Z
1
E
 L
Z
j
?
 G
2
I
E
k
Z
1
?
 

*
 
L
 

0
 

0
 

0
 

o
 

8
 

o
 

o
 

0
 

0
 

0
 

0
 

h
 

m
 

m
 

0
 

N
 

0' 
f
 

,z 
- 

9
 

- 
-
 

- 
- 

-
 

-
 

m
n

j
 

g
8

~
~

z
%

~
z

g
O

O
O

 
,.N

-(D
0

5
:2

0
 

m
o

f
 

m
-

m
m

 
m

n
r

t
 

(
D

O
C

)
 

zzZ
: 

(
~

0
0

 

m
m

-
m

 

j, 
-

-
-

N
-

N
 

N
 

-
N

 
-

N
 

-
m

 
-

n
-

-
n

-
-

"
,

-
N

 

f 

m
m

-
0

 
-

0
0

 

0
0

m
m

0
0

m
0

 
5:-I., 

$
Z

%
-

Z
n

W
-

O
r

-
N

-
w

 

m
m

m
o

 
m

-
-

m
 

m
-

m
 

$
Z

p
3

 
5
,
-
f
 

N
-

N
 

7 +
 

U
 

0
8

2
-

g
 

(
D

-
f

 
(D

 

"
3

-
0

 
w

 

.
D

O
0

0
 

m
N

m
-

b
0

0
m

m
f

-
f

 
o

-
N

 

m
m

o
m

 
&

g
m

&
~

Z
%

e
~

~
=

(
D

O
O

~
r

!
$

 
n

-
N

 

m
o

m
m

o
m

m
~

 

2
-

2
 

U
1
 

a 

o
o

m
m

 
-

f
 -

0
 

 
N

O
 

s
g

3
:g

$
5

:8
 

g
g

C
f

j
~

~
m

-
N

w
m

f
~

m
o

h
 

N
 

f
 

m
 

0
0

0
m

~
O

O
m

 
-

~
-

m
~

(
~

-
m

f
m

-
l

c
 

n
-

N
 

m
-

N
 

t
 

g
f
:
~

_
-

g
 

m
 

0, 

m
m

m
o

 
O

W
-

~
 

(
D

N
~

 

g
f
-

$
;
;
g

-
~

~
g

-
c

o
W

=
-

f
 

~
0

0
~

0
0

0
~

0
0

0
~

0
0

0
~

 

Y
)

~
Y

)
 N
 

1
2

"" 

N
N

m
 

f
-

N
 

t
 

0
0

m
0

0
0

m
 

-
N

 
f
 

m
g

E
m

 
m

 
=

R
-

Z
 0
 

f
 

rn
 

o
o

m
m

 
m

o
*

m
~

m
m

(
~

o
-

u
,

m
r

-
-

c
c

r
,

m
o

m
m

 
m

m
-

o
 

I
D

N
O

 

::0_$$ 

h
m

=
-

0
,

m
z

-
~

 
N

 

;-"
E

L
S

=
5

:?
%

O
,W

$
1

3
8

g
W

,"
0

,8
$

 
(

D
m

"
 

o
o

o
m

q
o

q
m

 
N

 

-
m

 

O
O

O
g

"
"

 
0

,0
-
2

0
5

:%
?

%
 

-
o

 

m
o

m
o

o
m

m
m

 
?

,
-
h

-
N

-
-
 

0
 

w 

m
0

*
m

0
0

0
0

 
W

N
-

m
m

m
-

o
 

C
N

~
 

S
%

z
g

g
g

$
z

 

w
N

-
o

 
n
 

5
-

z
 

h
a

*
 

m
 

g
2

-
E

 

m
-

m
 

"
 

o
-

m
 

*
-

0
 

m
 

N
 

=, 

N
w

 
m

 
0

0
,
-
+

0
0

-
h

 
-
-
 

0
'

0
-

-
h

-
-

m
 

N
-

N
-

N
 

m
o

o
m

 
m

E
i

?
?

&
,

5
-

s
Z

'
Z

5
~

2
~

E
S

o
N

m
 

m
-

o
 
a
 

m
o

o
0

 

H
g

E
Z

 

m
o

m
0

 
l

c
o

N
m

h
N

n
m

~
n

m
f

-
f

-
o

~
m

h
w

~
 

m
-

m
 

0
 

=, 

0
0

0
m

0
0

0
q

 

-
m

 

o
o

o
o

o
o

o
 

m
-

n
 

I
C

g
(

O
_

N
z

b
l
%

z
 

m
m

o
o

o
o

o
o

 
t

f
-

m
m

h
-

m
w

m
-

-
 

m
-

0
 

m
o

~
m

m
m

O
m

0
0

~
0

 

m
-

N
 

I
z

E
O

 ~
S

g
W

O
N

g
g

g
$

P
8

g
g

g
5

:$
$

g
:5

: 
h

N
-

m
m

m
-

m
o

o
n

-
h

m
n

-
m

m
t

-
-

 
-

N
-

N
-

N
-

N
-

n
 

o
 

0
 

m
-

N
 

0
 

o
 

m
o

~
0

o
~

o
N

 
r

n
w

m
-

(
D

~
-

g
~

g
-

(
D

-
-

~
f

 
m

-
N

 
f
 

O
f

 
-

f
 

-
N

 
f
 



- o
 . 0
 

- - _ 

0
0

0
0

 
m

a
n

o
 

n
-

n
-

 
-- 

o
 

0
0

0
0

 

"2:: 
r

-
 

0
0

0
0

 
-

0
0

-
 

;
 ...-- 

"
O

"
"

'
"

"
0

 
=

.
"

 
0
 

0
0

0
0

 
o

r
o

o
 

w
o

n
t

 
'"

7
 

0
 

- 
0

0
0

0
 

:
:
:
:
:
 

0
'

"
 

- 
0

0
0

0
 

O
-

n
o

 '
"

 

0
0

0
0

 
n

r
-

o
 

-
-

n
o

 
t

"
 

2
 

0
0

0
0

 

:g
:f 

0
'

"
 

- 
0

0
0

0
 

n
r

n
r

-
 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

0
0

"
"

 
"

"
 

- 

0
0

0
0

 
o

n
-

o
 

o
o

n
n

 
"

"
 

- - 
0

0
0

0
 

s::::: 
0

"
"

 
- 

0
0

0
0

 
o

n
-

r
 

- 2 
0

0
0

0
 

55::; o
 

w
o

n
-

 
n

n
 

0
0

0
0

 
n

o
~

n
 

n
o

n
-

 
"

"
 

" - 
0

0
0

0
 

:
:

:
z

 
-

"
"

 
- 

0
0

0
0

 
"

o
n

-
 

0
0

0
0

 0
0

0
0

 0
0

0
0

 
0

0
0

0
 
0

0
0

0
 

z;,: 
::z: 

J
:

g
z

 
9

"::: 
g

3
:

;
 

W
C

 
O

 
"

C
 

* 
n

C
 

0
 

Y
 

0
0

 
n

 
- 

- 
- 

- 

o
o

=
o

 
0

0
0

0
 0

0
0

0
 
0

0
0

0
 
0

0
0

0
 

0
o

0
0

 o
h

'
_

 
"

O
"

C
 

C
O

o
o

 
-
"

"
'
 

-
"

"
f

 
'

-
-

a
 
-
I
"

*
 

f
C

 
" 

D
"

 
" 

n
C

 
f
 

-
0

 
f
 

n
"

 
n

 
- 

- 
- 

- 
- 

0
0

0
0

 o
o

o
o

 
0

0
0

0
 
0

0
0

0
 0

0
0

0
 

"--.., 
o

n
'

 
0

C
f

f
 
o

"
"

n
 

'
-

o
n

 
o

o
n

-
 

0
-

0
-

 
-

0
0

-
 
-

-
 "

o
 

"
'

"
2

-
 

'
C

 
"
 

*
C

 
_O 

*
C

 
f

'
"

 
*
 

n
o

 
" 

- 
- 

- 
- 

.. :la 
0

0
Z

'
e

J
8

:
 

t
Z

l
Z

 J
t

t
J

 1
Z

Z
Z

 Z
J

Z
Z

 J
J

Z
Z

 Z
Z

J
Z

 Z
Z

E
9

 E
O

P
Z

 Z
t

Z
Z

 Z
E

Z
Z

 Z
Z

Z
Z

 Z
Z

Z
Z

 
O

C
-

-
 

0
0

-
0

 
-

O
n

-
 

m
e

n
-

 
m

=
.

n
n

 
C

-
n

~
 

m
f

n
-

 
O

C
~

O
 

n
o

n
-

 
m

n
n

m
 n

n
o

-
 

-
-

n
o

 
-

-
~

n
 

O
-

-
0

 

-
o

 
n

*
 

0
 
"

"
 

" 
"

'
D

 
" 

0
"

 
0
 

"
'
 
0
 
"
'
 - 
'
 

- 
*

*
 

" 
'

C
 

" 
'

C
 

" 
'

C
 

"
'

0
 

* 
"

"
 

-
"

 = 
- 

- 
- 

- 
- 

- 
- 

- 
.. --
--

- 
:
-
 E

J
t

Z
 Z

J
X

g
 J

P
Z

J
 3

t
t

J
 P

8
g

3
 ::Z

:Z
 

-
O

J
Z

g
 E

3
9

:
 

Z
Z

E
s

 f
Z

Z
Z

 Z
t

X
$

 P
E

Z
Z

 Z
Z

Z
2

 E
Z

Z
Z

 
:; z

s
-

:
 

:
:
z

n
:
 

o
m

-
-

 
-

o
n

,
 

,
o

n
-

 
-

-
n

o
 

o
*

n
-

 
*

c
n

,
 

e
o

n
0

 o
n

n
n

 n
n

a
o

 *
o

m
-

 
n

-
n

o
 
"

*
o

f
 

"
0

 
0
 

"
0

 
0
 
"
"
 

"
O

 
0
 

"
0

 
- 

"
0

 
- 

.
"
"
 

" 
*

"
 " 

f
"

 
_O 

'
C

 
2
 

'
0

 
- 

f
0

 
*
 

- 
- 

- 
- 

- 
- 

- 

0
-

 
0

0
0

0
 0

0
0

0
 
0

0
0

0
 0

0
0

0
 
0

0
0

0
 
0

0
0

0
 0

0
0

0
 
0

0
0

0
 0

0
0

0
 
0

0
0

0
 
0

0
0

0
 
0

0
0

0
 
0

0
0

0
 
0

0
0

0
 

;
:
 

'
0

0
"

 
"

0
0

0
 
C

'
-

C
 

n
"

"
'

"
0

"
-

 
-

0
-

"
 

"
0

"
"

 
0

'
0

"
 

"
"

C
o

 
0

-
a

0
 
f
 

a
o

n
 a

"
-

"
 

"
"

N
O

 
"

"
"

'
 

r
C

-
0

 
e

o
n

"
,

 
"

-
n

o
 

r
e

n
t

 o
o

n
a

 n
-

n
"

 
"

'
n

o
 

"
%

n
o

 e
o

n
*
 

0
°

C
.

-
 

a
"

"
.

-
 

0
o

-
n

 
n

-
o

o
 
-

s
o

-
 

=
_

 
n

-
 

0
 

n
~

)
 

O
~

D
 

o
 

r
(
n

 
o

 
m

n
 

=. 
-

O
 

0
-

0
 

"
o

 
- 

-
C

 
- 

"
C

 
n

 
-

C
 

n
'

"
 

-
*

o
 
-
'
"
 

=
 

- 
- 

- 
- 

- 
- 

- 
- 

L
 

0
-

 
0

0
0

0
 
0

0
0

0
 0

0
0

0
 0

0
0

0
 
0

0
0

0
 
0

0
0

0
 0

0
0

0
 
0

0
0

0
 0

0
0

0
 0

0
0

0
 0

0
0

0
 
0

0
0

0
 
0

0
0

0
 
0

0
0

0
 

g 
$

$
z

;
 

i?
"

 
'"

Z
 

::::z;x 
z

r
t

z
 o

-:::: 
;a::: 

o::::: 
;

z
z

2
 

z
;::~

 z
:;: 

:
:
:
:
 z

-
2

:
 

O
n

"
 

0
 

N
"

 
o

 
"

"
 

=. 
n

 
a

-
o

 
0
 

"
D

 
0
 

"
O

 
-

"
C

 
"
I
,
 

n
 

I
*

"
 

n
 

s
o

 
n

 
n

c
 

n
 

- 
- 

- 
- 

-
 

- 

4::: *
-

-
 
n

L
n

O
 :

t
o

2
 

S
S

Z
P

 Z
Z

Z
:

 
::Z::: 

2
E

::z
 

g
Z

J
Z

 2
8

:: 
:

:
Z

t
Z

 
J

Z
Z

 8
Z

O
z

 2
J

Z
2

 2:::::: 
"

O
n

n
 
y

n
n

o
 e

n
n

-
 

%
O

n
"

 
-

o
n

=
.

 
0

°
C

.
-

 
-

0
-

0
 

n
o

n
n

 
-

-
"

C
 

0
-

-
-

 
0

0
-

n
 

*
m

o
o

 
-

*
 
n

-
 

c
 

n
-

 
F

 
n

n
 

O
N

-
 

O
N

-
 

o
 

n
n

 
o

n
-

 
o

 
-

o
 

o
 

-
o

 
o

 
n

o
 

- 
o

c
 

- 
-

C
 

n
 

n
~

 
n

 
"

C
 

o
 

- 
- 

-
 

- 
- 

- 
-
 

- - 2
;

 
 S

O
,:^

 
::o

g
: 

::o
t 

9::::: 
:

J
:

Z
 

o::: 
:::::$ 

:
:
J

J
 

::g:: 
J

J
:
:
 

J
Z

~
Z

 
P

?
::: 

z::::: 
:::::: 

. 
O

"
-

O
 

o
o

n
*

 
-

-
n

o
 

n
-

n
r

 
a

n
-

,
.
 

"
o

n
-

 
c

o
n

"
 
c

-
n

a
 

o
'

n
n

 
*

o
n

*
 

o
a

n
n

 -
-

-
o

 
-

*
n

o
 

'
o

n
*

 
- 

- 
C

 
"

*
 

C
 

"
*

 
* 

"
"

 
O

 
"

"
 

0
 
"

'
 " 

"
"

 
a
 

"
O

 
a
 
"

'
 0

 
n

o
 

0
 

"
O

 
- 

"
C

 
- 

"
F

 
N

 
O

F
 " 

0
0

0
0

 
0

0
0

0
 0

0
0

0
 
0

0
0

0
 O

O
P

O
 
0

0
0

0
 0

0
0

0
 0

0
0

0
 0

0
0

0
 0

0
0

0
 
0

0
0

0
 0

0
0

0
 
0

0
0

0
 
0

0
0

0
 

"
n

-
n

 
n

e
-

~
 

o
-

o
-

 
-

-
O

D
 

a
-

 
a
 

C
D

-
o

 
-

0
-

0
 

r
.

n
-

o
 

o
o

-
o

 
c

n
o

c
 
c

o
b

*
 
c

*
-

n
 

a
a

o
n

 o
r

o
m

 
~

n
-

c
 

c
t

-
 

o
~

-
u

,
 

o
o

n
o

 -
n

n
n

 
n

t
n

c
 m

c
n

o
 *

o
n

-
 

n
n

n
-

 
o

r
n

n
 -

-
n

o
 

m
o

n
o

 a
-

n
;

r
 

o
*

-
0

 
- 

D
-

f
 

F
 
-

*
 

" 
n
*
 

"
 

n
"

 
O

n
-

 
O

n
"

,
 

o
n

0
 

=. 
n

o
 

a
n

o
 

o
n

o
 

0
 

n
o

 
- 

n
C

 
- 

"
F

 
- 

'Z
"

;
 

-
0

-
0

 
-

0
-

"
 

,
o

n
,

 
-

0
-

.
A

 
n

0
-

o
 

-
O

f
"

 
o

o
n

o
 a

o
o

o
 o

o
c

c
 m

o
o

-
 

C
o

o
n

 o
o

o
c

 
"

Z
"

"
 
-
'
"

"
 

"
"

"
0

 
"

0
"

'
"

"
"

"
 

"
"

0
"

o
"

"
"

"
C

 
-

0
-

0
 

-
"

 
n

 
-
.
)
 

a
-

n
 

o
-

*
 

o
 
- 

C
n

 
C

n
-

 
C

 
n

*
 

o
n

"
 

O
n

"
 

0
n

n
 

a
 

n
 

a
 

n
 

o
 

n
o

 
0
 

- 

0
0

0
0

 
0

0
0

0
 
0

0
0

0
 
0

0
0

0
 
0

0
0

0
 
0

0
0

0
 
0

0
0

0
 
0

0
0

0
 0

0
0

0
 
0

0
0

0
 2

0
0

0
 0

0
0

0
 
0

0
0

0
 0

0
0

0
 

Z
Z

t
:

 
z

:?
; 

'
S

Z
Z

 
Z

Z
Z

z
 C

Z
G

:
 

J
Z

:: 
::=

%
 

k
s

z
:

 
z

0
c

2
 2

2
:: 

Z
z

E
c

 =;:: 
Z

Z
z

Z
 

_ 
-

n
 
'
 
-

n
 

n
 

-
n

 
n

 -
-

 
n

 
-

"
 

n
 
-

"
 

o
 -

-
 

o
 
-

_
 

o
 

n
-

 
o

n
"

 
"
 

n
 

" 
n

*
 

" 
n

*
 

o
n

*
 

0
 

- 
--- * . 

z
o

o
0

 
0

0
0

0
 
0

0
0

0
 
0

0
0

0
 0

0
0

0
 
0

0
0

0
 0

0
0

0
 
0

0
0

0
 0

0
0

0
 
0

0
0

0
 0

0
0

0
 0

0
0

0
 
0

0
0

0
 
0

0
0

0
 

- 
'

"
0

 
0

-
0

-
 

"
-

a
0

 
"

*
O

*
a

C
-

D
 

'
0

"
"

 
"

'
"

O
 

O
F

"
 "

0
"

"
 

"
"

o
n

 
"

0
°

C
 

"
0

0
"

 
*

"
a

"
 

"
'

0
-

 
I
 

n
n

-
n

 
n

n
-

f
 

O
W

-
"

 
s

o
n

o
 
*

~
n

-
 

n
a

n
*

 
-

0
-

0
 -- 

a
 

~
n

n
-

 
0

-
n

-
 

o
n

n
o

 
a

~
n

o
 

o
m

n
-

 
-

a
n

'
 

- 
-

n
 

-
-

n
 

'
-

n
 

f
 

-
n

 
n

 
*I 

-
n

 
P

-
o

 
n

-
O

 
_

-
o

 
o

 
-

-
 

o
 -

-
 

o
 -

-
 

o
 

n
n

 
C

 
*

c
)
 

c
 

" 
0

0
0

0
 0

0
0

0
 0

0
0

0
 

, 
n

-
~

m
 

~
r

-
m

~
 

 
o

n
 

_ 
o

n
-

"
0

0
-

n
-

 
"

-
C

 
-

-
-

 
"
,
-
-
 -

-
-

 
"

_
-

 - 
-

-
 

p
p
 

" 
-

n
 

"7 
-

n
 

"
 

-
n

 
n

 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

- 
n

 
"
 

- 
"
 

" 
" 

O
 

n
 

n
 

n
 

o
 

0
 

e
 

C
 

C
 

C
 

" 
O

 
0
 

o
 

o
 

o
 

0
 

"
7

-
m

e
 

"
L

O
 

" 

0
0

0
0

 
0

0
-

n
 

n
-

n
c

 
"

0
 

" - 
0

0
0

0
 

::z::: 
"

"
0

 
- 

0
0

0
0

 
0

0
-

o
 

0
0

0
0

 

:::C::: 
f

"
 

2
 

:
 : 

-
=

 
.

L
 

ei: 
-.: 

:
 

L
 

- 

:
 

L
-

 

31: 
-
 

C
'

"
"

 
"

'
 

0
0

0
0

 
m

o
o

r
 

~
r

n
n

 
"
'
 "
 - 

0
0

0
0

 

:
:
:
:
:
 

"
"

0
 

- 
0

0
0

0
 

m
o

o
-

 
O

C
n

o
 

"
"

 

0
0

0
0

 
o

t
-

F
 

o
r

-
*

 
o

o
 

- 
0

0
0

0
 

g
:;=

 
"

"
 

- 
0

0
0

0
 

o
r

o
w

 

0
0

0
0

 

:
Z

:
:

 
-

n
 

2
 

*
 

0
 

- :: - 
L
 

.- 
- 

.
I
-
 

. 
. 

I
 

"
I
 

,
,
 

5
.

 
.

L
 

. L
 

.- 
d

 

0
5

5
.

 
0

L
.

C
 

-
3

.
0

 
L

L
2

C
 

s 0 G 

n
o

-
*

 
"

'
"

 

0
0

0
0

 
n

n
n

r
 

n
o

-
-

 
"

'
C

 
- 

0
0

0
0

 

:
:
:
:
 

"
'

C
 

- 
0

0
0

0
 

a
n

o
n

 
0

-
0

-
 

C
C

 

0
0

0
0

 
o

c
o

o
 

0
0

"
-

 
C

C
 

O
 

- 
0

0
0

0
 

t::z
 

"
C

C
 

- 
0

0
0

0
 

o
r

-
*

-
 

0
0

0
0

 

g
:

Z
Z

 
"

"
 

- - 

0
 

o
 

"3 

- e
-

 
.
-
 

. 
. -1

 

,
,
 

-
C

.
 

-.. 
. L

 
.- 

2
 

e
s

c
.

 
O

L
1

C
 

-
1

.
0

 
L

L
2

C
 

0
 

0
 

- - 

"
"

"
0

 
'

0
"

 

0
0

0
0

 
O

-
r

o
 

n
n

n
o

 
*

'
F

 
- 

0
0

0
0

 

::;g
o

" 
"

C
 

- 
0

0
0

0
 

o
-

-
0

 
C

"
"

"
 

"
'

C
 

" 

0
0

0
0

 
n

o
-

-
 

-
-

n
o

 
"

0
,

.
 

" - 
0

0
0

0
 

:::o 
"

'
"

 - 
0

0
0

0
 

-
a

n
-

 
"

-
-

"
 

'
"

0
 

0
0

0
0

 
w

n
c

~
 

n
-

n
r

-
 

C
O

 
o

 
- 

0
0

0
0

 

:
2

=
:

 
'

C
"

 
- 

0
0

0
0

 
n

n
n

t
 

0
0

0
0

 

:
t

g
z

 
"

"
 

n
 

- 

0
 

n
 

0
 

L
 

. 
. "

1
 

=
,

 
-

5
.

 
-.. 
. L

 
L

-
 

d
 

O
C

S
.

 
O

L
l

C
 

-
=

.
a

 
L

L
d

C
 

0
 

0
 

o
 

- 

o
'

n
n

 
'

*
"

 
*
 

0
0

0
0

 
o

o
o

-
 

-
*

o
n

 
C

'
 

C
 

- 
0

0
0

0
 

:
:

z
:

:
 

'
C

"
 

t 

0
0

0
0

 
o

-
o

-
 

0
0

0
0

 

::?
::S

 
o

 
" - 

0
 

o
 

" 

L
 

.- .-
 

.
-
 
.
-
 

. 
. -1

 

=
,

 
-

5
.

 
-.. 
. - 
L

-
 

2
 

O
C

S
.

 
0

L
.

C
 

-
.

.
a

 
L

L
d

L
 

0
 

0
 

n
 

a
 

0
0

0
0

 

:
f

f
t

 
"

0
 

" 
- 

0
 

o
 

+
 

.-
 

.
-
 

. 
. "

1
 

,
,
 

L
C

.
 

-.. 
. L

 
L

-
 

2
 

O
S

C
.

 
O

L
l

C
 

-
3

.
0

 
L

L
2

C
 

0
 

0
 

- .. 

0
0

0
0

 

8:::: 
0

'
 

- 

J
 

C
 

L
 

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 

.- 
.
-
 

. 
. O ,,

 
-

5
.

 
-.. 
. +

 
.- 

d
 

O
S

C
.

 
.

.
.

C
 

-
9

.
0

 
L

L
2

C
 

0
 

0
 

r. n
 

0
0

0
0

 

:
:
I
:
 

"
'

F
 

- 

0
 

n
 

C
 

L
 

.
-
 

. 
. "

1
 

,
,
 

L
C

.
 

-.. 
. L

 
.- 

d
 

0
.

C
.

 
O

L
l

C
 

-
3

.
0

 
L

L
2

C
 

0
 

0
 

- n 

0
0

0
0

 

:;;t 
'

O
C

 
- 

0
 

n
 

o
 

C
 

L
 

.- . . O ,,
 

-
5

.
 

_
.. 

=
3

=
x

=
*

=
,

=
.

2
,

=
,

=
.

-
;

,
=

=
=

%
=

=
=

.
*

x
 

. L
 

.- 
d

 
0

5
5

.
 

O
L

.
C

 
-

=
.

a
 

.
.
.
.
2

C
 

0
 

9
 

"
 

0
0

0
0

 

Z
Z

E
Z

 
"

'
C

 
_" 

0
 

n
 

L
 

*
-

 
w

-
 

- 
. 

. "1
 

,
,
 

L
C

.
 

-.. 
L

-
 

d
 

0
5

5
.

 
O

L
l

C
 

-
=

.
a

 
L

L
2

C
 

0
 

0
 

.,I n
 

0
0

0
0

 

8:;: 
C

"
 

- 

0
 

"
 

" 

L
 

.-
 

- 
. 

. 
. 

L
C

.
 

-.. 
. *

 
.- 

d
 

O
C

C
.

 
O

L
.

+
 

-
=

.
a

 
L

L
d

C
 

0
 

0
 

a
 

0
0

0
0

 

:?
:: 

'
"

"
 

o
 

- 

- 

0
0

0
0

 

::S
O

; 
C

 
C

 

0
 

- o
 

" 

L
 

0
 

n
 

a
 

L
 

0
 

C
 

a
 

L
 

9 

e
-

 
.- 

.
-
 

0
 

Z 

L
 

- 
.
-
 .

-
 

.. n 

e
-

 
. 

0
 

n
 

. 
. 

"
I
 

D
I

 

=
,

 
L

C
.

 

-... 
. L

 
.- 

2
 

O
C

C
.

 
0

L
.

C
 

-
3

.
0

 
L

V
2

C
 

0
 

0
 

0
 

o
 

n
 

. 
. 0

1
 

=
,

 
=

,
 

L
C

.
 

-
.
L

 
. L

 
L

-
 

2
 

0
5

5
.

 
0

L
.

C
 

-
=

.
o

 
L

L
d

C
 

0
 

0
 

0
 

/Y 
- 

" 

. 
. 

. 
L

C
.

 
-.. 
. L

 
C

-
 

2
 

O
C

S
.

 
0

.
3

,
-

 
-

=
.

0
 

L
L

d
C

 

0
 

- . 
. 

"
1

 
o

 

,
,
 

=
 

L
C

.
 

1
 

-
.. - 
. #

 
L

-
 

d
 

O
C

C
.

 
O

I
l

C
 

-
3

.
0

-
 

L
L

d
C

 

0
 



Table E- l (cont inued) 

~ Foundation Damage 

House 

Value 

$ 1,000 

1,500 

2,000 

2,500 

3,000 

3,500 

4,000 

4, 500 

5,000 

5,500 

6,000 

6,500 

I -S ide 

F a i l u r e  

$ 65 
80 

100 

1 20 

145 

160 

175 

190 

20 5 

220 

230 

2 40 

Fai l u r e  

House 

Value 

$ 7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

13,000 

14,000 

15,000 

16,000 

17,000 

18,000 

House 

Value I- I -Side 

F a i l u r e  

$ 250 

270 

280 

300 

315 

3 30 

345 

365 

380 

400 

4 20 

450 

I-Side 

F a i l u r e  

2-Side 

F a i l u r e  

$ 375 

405 

4 20 

450 

475 

49 5 

520 

5 50 

570 

610 

6 50 

680 

2-S i de 

F a i l u r e  

Note: A l l  in format ion p e r t a i n i n g  t o  p r o p e r t i e s  valued a t  l ess  than $16,000 was provided by the D i v i s i o n  Of f i ce ,  

Army Corps o f  Engineers, Omaha, Nebraska. 

Source: U. S. Department of Agriculture. 



Appendix F 

MILWAUKEE RIVER WATERSHED FLOOD STAGE-DAMAGE CURVES 
EXSTING 1967 LAND USE AND PROJECTED 1990 LAND USE 

UNDER UNCONTROLLED FLOODLAND DEVELOPMENT 

Flpvre F- l 
R E I C H  I 

SlLVER SPRING DRIVE TO 

Fl.".. f - 2  
REACH + 

Sl lVER SPRlNO DRIVE TO 
1/4 MILE SOUTH OF BRADLEY ROAD 

FIQ"'. F-4  
REPiCH 4 

1/9 MOLE SOUTH OF BRADLEY ROI)D TO 
COUNTY LINE ROID  

FIQY"  F - 5  
REACH 5 

COUNTY LINE ROAD TO 
STH 167 

Flgur. F -3  
REACH 1 

OREEN TREE ROAD TO 
COUNTY LlNE ROAD 

FlQ".. F - 7  
REACH 7 

STH 167 TO 
SW CORNER OF BLCTlON 1 %  T 9  N ,  R Z 2 E  



F l g u r ~  F -  8 

RElCH B 
SW CORNER OF SECTION 18, i 9 N.  R 2 2 E  

TO CTH C 

Figure F - 9  
REACH 9 

C I H  C TO 
3/4 MlLE SOUTH OF STH 50 

F4QY.S F -  to 
REACH 10 

3/4 MlLE SOUTH OF STH 60 TO 
3/4 MiLE NORTH OF STl i  60 

F,p"rl  F - l l  

REACH I 
3/4 MILE NORTH OF STH 60 TO 

SAUKVILLE XlWN LlNE 

Fig",. F- l l  
REACH I 3  

NORTHERN VlLLAOE LlNE OF SAUKVILLE TO 
4 MILES NORTH 

F,gure F-14  

REACH 14 
4 MILES NORTH OF YlLLICIE OF  SIUKYlLLE TO 

E I S T  LlNE SECTION 29. T 12 N .  R 21 E 



Appendix G 

MILWAUKEE RIVER WATERSHED DAMAGE-FREQUENCY CURVES 
EXISTING 1967 LAND USE AND PROJECTED 1990 LAND USE 

UNDER UNCONTROLLED FLOODLAND DEVE LOPMENT 

Figure G - l 
REACH I 

SILVER SPRING DRIVE TO 
ESTABROOK PARK 

Figure G - 2  
REACH 2 

SILVER SPRING DRIVE TO 
1/4 M lLE  SOUTH OF BRADLEY ROAD 

Figure 6-3 
REACH 3 

GREEN TREE ROAD m 
COUNTY LlNE ROAD 

Flgura G - 4  
REACH 4 

1/4 MILE SOUTH OF BRADLEY ROAD TO 
COUNTY LlNE ROAD 

F I ~ " "  G -5 
REACH 5 

COUNTY LlNE ROAD m 
STH 167 

300 

.,o 

-0.3 

,so - 

0 3 80 ID PO 3 a0 
PEI1ST*. S".*CL a OSS"IIE*CE I* .*I "TAR 

Figure 0 - 6  
REACH 6 

VILLAGE OF 
THIENSVILLE 



Figure G - 7  F 8 g v n  G -8 Figure G -9 
REACH 7 REACH 8 REACH 9 

STH 167 TO SW CORNER OF SECTION 18. T 9 N. R 2 2  E. CTH C TO 
SW CORNER OF SECTION 18, T 9 N.. R 2 2 E .  TO CTH C 3/4 MILE SOUTH OF STH 6 0  

Figure G - 10 Flgure G - l l  Flgure G -12 

REACH 10 REACH I1 REACH I 2  

3/4 MILE SOUTH OF STH 6 0  TO 3/4 MILE NORTH OF STH 6 0  TO VILLAGE OF 

3/4 MILE NORTH OF STH 6 0  SAUKVILLE TOWN LINE SAUKVILLE 

Figure G - 13 
REACH 13 

NORTHERN VILLAGE LINE OF SAUKVILLE TO 
4 MILES NORTH 

so 

5 5 0  

0 , /O  1, 10 t1 30 33 
.LIET*T S".*CE 0, OCS"""E*cE I* A*" YE." 

800 

;4 so 

- 

0 , 10 8, 10 1,  30 33 

PE*CSN, CHANGE OF rn<"RRE*CK , w  &MY "Earn 

Figure G - 14 
REACH 14 

4 MILES NORTH OF VILLAGE OF SAUKVILLE TO 
EAST L I N E  SECTION 29. T 12 N., R 21 E 



Appendix H 

DETAILED LISTING OF KNOWN COMBINED SEWER OUTFALLS 
AND FLOW RELIEF FEATURES IN THE MILWAUKEE RIVER WATERSHED 

GLOSSARY OF TERMS USED IN CHAPTER IX 

Branch Sewer . . . . . . . A common sewer receiving sewage from two o r  more lateral sewers 
serving relatively small tributary drainage areas. 

Building Sewer. . . . . . . A private o r  individual sewer conveying sewage from a single building 
to a common sewer. Also called house connection. 

Bypass . . . . . . . . . A flow relief device by which sanitary sewers entering a lift station, 
pumping station, o r  sewage treatment plant can discharge a portion o r  
all of their flow, by gravity, into a receiving body of surface water to 
alleviate sewer surcharge. Also a flow relief device by which inter- 
cepting o r  main sewers can discharge a portion o r  all of their flow by 
gravity into a receiving body of surface water to alleviate intercepting 
o r  main sewer surcharge. 

Common Sewer . . . . . . A sewer in which all abutters have equal rights. Also called public sewer. 

Combined Sewer . . . . . . A common sewer intended to carry  sanitary sewage, with component 
domestic, commercial, and industrial wastes, at all times and which, 
during periods of rainfall o r  snowmelt, is intended to also carry  storm 
water runoff from streets  and other sources. 

Crossover . . . . . . . . A flow relief device by which sanitary sewers discharge a portion of 
their flow, by gravity, into storm sewers during periods of sanitary 
sewer surcharge o r  by which combined sewers discharge a portion of 
their flow, by gravity, into storm sewers to alleviate sanitary o r  com- 
bined sewer surcharge. 

Dry-Weather Flow . . . . . The normal flow of sanitary sewage, including component domestic, 
commercial, and industrial wastes and ground water infiltration, but 
specifically excluding storm water and excessive ground water infiltra- 
tion caused by rainfall o r  snowmelt. 

Force Main. . . . . . . . A pipeline joining the discharge of a pumping station with a point of 
gravity flow designed to transmit sewage under pressure flow throughout 
i ts  length. 

Infiltration . . . . . . . . Ground and storm water that leaks o r  seeps into sewers throughdefec- 
tive joints, ruptured o r  porous pipes, manholes, o r  other sewer system 
appurtenances. 

Intercepting Structure . . . . A structure designed to intercept all dry-weather sanitary sewage flow 
in a combined sewer and a proportionate amount of the mixed storm 
water and sanitary sewage flow during periods of rainfall o r  snowmelt 
and discharge such flows to an intercepting sewer. 



Intercepting Sewer . . . . . 

Lateral Sewer. . . . . . . 

Lift Station. . . . . . . . 

Main Sewer. . . . . . . . 

Outf all . . . . . . . . . 

Overflow . . . . . . . . 

Portable Pumping Station . . . 

Pumping Station . . . . . . 

Relief Pumping Station . . . . 

Relief Sewer . . . . . . . 

Sanitary Sewer . . . . . . 

Sewage . . . . . . . . . 

A common sewer that receives dry-weather sanitary sewage flows from 
a combined sewer system and predetermined proportionate amounts 
of the mixed storm water and sanitary sewage flows during periods of 
rainfall o r  snowmelt and conducts these flows to a point of treatment 
o r  disposal. 

A common sewer discharging into a branch o r  other common sewer and 
having no other common sewer tributary to it. 

A relatively small sewage pumping device designed to lift sewage from 
a gravity flow sewer to a higher elevation when the continuance of the 
gravity flow sewer would involve excessive depths of trench o r  designed 
to lift sewage from areas too low to drain into available sewers. Lift 
stations normally discharge through relatively short force mains to 
gravity flow points located at  o r  very near the lift station. 

A common sewer which receives flows from many lateral and branch 
sewers serving relatively large tributary drainage areas for conveyance 
to a treatment plant. Also called trunk sewer. 

A sewer that receives flows from a collecting system o r  from a treat- 
ment plant and conveys the untreated o r  treated waste flows to a point 
of discharge into a receiving body of surface water. 

That part of the flow in a separate o r  combined sewerage system which 
i s  deliberately not conveyed to a plant for treatment but i s  discharged 
through an outfall directly to a receiving body of surface water to 
avoid sewer, lift station, pumping station, o r  sewage treatment plant 
surcharging. 

A point of flow relief at which flows from surcharged sanitary sewers 
a re  discharged into storm sewers o r  directly into a receiving body of 
surface water through the use of portable pumping units. 

A relatively large sewage pumping device designed not only to lift sewage 
to a higher elevation but to convey i t  through force mains to gravity flow 
points located relatively long distances from the pumping station. 

A flow relief device by which flows from surcharged main sewers are  
discharged into storm sewers o r  directly into a receiving body of sur- 
face water through the use of permanent lift o r  pumping stations. 

A common sewer built to carry  the flows in excess of the capacity of an 
existing sewer, thus relieving surcharging of the latter. 

A common sewer which carries sewage flows from residences, com- 
mercial buildings, and institutions, certain types of liquid from indus- 
trial plants, together with minor amounts of storm, surface, and ground 
waters that are  not intentionally admitted. 

The spent o r  waste water of a community consisting of a combination of 
the liquid and water-carried wastes from streets and other open areas,  
residences, commercial buildings, industrial plants, and institutions, 
together with any ground water, surface water, and storm water that 
may be present. 



Sewer . . . . . . . . . A pipe o r  conduit, generally closed but not normally flowing under pres- 
sure, for carrying sewage. 

Storm Sewer . . . . . . . A common sewer which carries surface water and storm water runoff 
from open areas,  rooftops, streets, and other sources, including street 
wash and other wash waters, but from which sanitary sewage or  indus- 
trial wastes a re  specifically excluded. 

Sewer Surcharge . . . . . . A condition in which the amount of flow entering a sewer is greater than 
the capacity of the sewer, resulting in a backup of flow. 



Table H-1 

KNOWN COMBINED SEWER OUTFALLS IN 
THE MILWAUKEE RIVER WATERSHED: 1970a 

a The number beside each listed combined sewer outfall corresponds to a code number on Map 46 . 
Source: City of Milwaukee Bureau of Engineering and the Sewerage Commission of the City of Milwaukee . 
482 

Outfall Location 
on the Milwaukee River 

Mouth of the Milwaukee River to 
Confluence With the Menomonee 
River 

1 . E . Bruce Street . . . . . .  
2 . E . Harbor Place . . . . . .  
3 . E . Florida Street . . . . .  
4 . E . Polk Street . . . . . .  

. . . .  5 . South of E Oregon Street 
. . . .  . 6 . E Pittsburg Avenue 

. . . . . .  7 . N Broadway Street 
8 . S . Water Street . . . . . .  
9 . S . 1st Street . . . . . . .  

Confluence With the Menomonee 
River to the North Avenue Dam 

10 . N . Broadway and E . Erie . . .  
11 . E . Chicago Street . . . . .  
12 . E . Buffalo Street . . . . .  

. 13 . W . St Paul Avenue . . . . .  
14 . E . St . Paul Avenue . . . . .  
15 . North of W . St . Paul Avenue . . 
16 . W . Clybourn Street . . . . .  
17 . E . Clybourn Street . . . . .  
18 . North of W . Clybourn Street . . 
19 . W . Michigan Street . . . . .  
20 . E . Michigan Street . . . . .  
21 . North of W . Michigan Street . . 
22 . E . Wisconsin Avenue . . . .  

. . . . .  23 .. W Wisconsin Avenue 
24 . North of W . Wisconsin Avenue . 

. . . . . . .  25 . E Wells Street 
26 . W . Wells Street . . . . . .  

. . . .  27 . North of W Wells Street 
28 . W . Kilbourn Avenue . 

. . . .  . . 29 W Kilbourn Avenue 
30 . E . Kilbourn Avenue . . . . .  
3 1  . W . State Street . . . . . .  
32 . E . State Street . . . . . .  
33 . W . Highland Avenue . . . .  

Size 

36" 
36" 
42" 

84" 
60" 

6 ' x3 '  
90" 

5 ' x 4 '  
36" & 18" 

7 'x3 '  
24" 
96" 
30" 

7 ' x4 '  
24" 
72" 
72" 
12" 

4@"x51"Egg 

72" 
60'' 
78" 
21" 
. Dbl 9'-6"x 

41-3" 
24" 
84" 
36" 
54" 
72" 

Size 

24 " 
30J1 
60" 
54" 
30" 
24 " 
30" 
24 " 
30" 

30" 
6 ' x4 '  

42" 
6 ' x 3 '  

8'-6"x41-O" 
30" 
48" 

Double 48" 
24"x26" 

54l' 
42" 
30" 
30" 
24" 

18"x30" 
36 'I 

54" 
30" 

72"x54" 
36" 
5411 
46 " 
60'' 

9'-3"x41-6" 

Outfall Location 
on the Milwaukee River 

Confluence With the Menomonee 
River to the North Avenue Dam 
(continued) 

. . . . .  . . 34 E Highland Avenue . . . . .  . . 35 W Juneau Avenue 

. . . . .  . . 36 E Juneau Avenue 
37 . N . 3rd (Between McKinley 

. . . . . . .  and Juneau) 
. . . .  . . 38 W McKinley Avenue 

. . . . .  . . 39 E Ogden Avenue 

. . . . .  . . 40 W Cherry Street 
4 1  . Ship Street (North of W . Cherry 

. . . .  Street and the River) 
. . . 42 E Lyon Street 

. . . . .  . . 43 E Pleasant Street 
. . . . . .  . . 44 E Walnut Street 

. . .  . . 45 North of E Walnut Street 
. . . . . .  . . 46 E Brady Street 
. . . . . .  . . 47 N Holton Street 

. . . . .  . . 48 N Marshall Street 

. . . . .  . . 49 N Pulaski Street 
. . . .  . . 50 N Humboldt Avenue 

. . . . . .  . . 51 E Tunnel Place 
. . . .  52 E Boylston Street 

Upstream From the North 
Avenue Dam 

. . . .  . . 53 E Bradford Avenue 
. . . . . .  . . 54 E Park Place 
. . . . . .  . . 55 E Locust Street 

. . . .  . . 56 E Chambers Street 
. . . . .  . . 57 E Burleigh Street 

. . . .  . . 58 E Hampshire Avenue 
. . . . . .  . . 59 E Auer Avenue 
. . . . . .  . . 60 E Auer Avenue 
. . . . . .  . . 61 E Keefe Avenue 

. . . .  . . 62 E Edgewood Avenue 



Table H-2 

1. E. Meinecke Avenue and N. Gordon Place 
2. N. Sherman Boulevard and W. Burleigh Street 
3. N. 44th Street and W. Burleigh Street 
4. N. 51st Street and W. Burleigh Street 
5. N. 54th Street and W. Burleigh Street 
6. N. 55th Street and W. Burleigh Street 
7. N. 56th Street and W. Burleigh Street 
8. N. 51st Boulevard and W. Auer Avenue 
9. N. 51st Boulevard and W. Concordia Avenue 

10. N. 49th Street and W. Concordia Avenue 
11. N. 47th Street and W. Concordia Avenue 
12. N. 51st Boulevard and W. Roosevelt Drive 
13. N. Sherman Boulevard and Fond du Lac Avenue 
14. N. 26th Street and W. Vienna Avenue 
15. N. 31st Street and W. Capitol Drive 
16. N. 31st Street and W. Capitol Drive 
17. N. 27th Street and W. Fiebrantz Avenue 
18. N. 24th Street and W. Hope Avenue 
19. N. 25th Street and W. Hope Avenue 
20. N. 30th Street and W. Hope Avenue 
21. N. 31st Street and W. Hope Avenue 
22. N. 47th Street and W. Hope Avenue 
23. N. 66th Street between W. Congress Street and W. Ruby Avenue 
24. N. 47th Street and W. Congress Street 
25. N. 41st Street and W. Congress Street 
26. N. Sherman Boulevard and W. Ruby Avenue 
27. N. 53rd Street and W. Glendale Avenue 
28. N. 53rd Street and W. Courtland Avenue 
29. N. 20th Street and W. Fairmount Avenue 
30. N. 31st Street and W. Villard Avenue 
31. N. 31st Street and W. Villard Avenue 
32. N. 27th Street and W. Silver Spring Drive 
33. N. 35th Street and W. Silver Spring Drive 
34. N. 36th Street and W. Silver Spring Drive 
35. N. 37th Street and W. Silver Spring Drive 
36. N. 38th Street and W. Silver Spring Drive 
37. N. 39th Street and W. Silver Spring Drive 
38. N. 41st Street and W. Silver Spring Drive 
39. N. 35th Street and W. Oriole Drive 
40. N. 36th Street between W. Carmen Avenue and W. Florist Avenue 
41. Humboldt Avenue and Capitol Drive 
42. E. Auer Avenue at the Milwaukee River 
43. N. Richards Street and E. Congress Street 
44. N. 2nd Street and W. Hampton Avenue 
45. N. 31st Street and W. Fairmount Avenue 
46. N. 51st Street at  Lincoln Creek (N. o r  Congress Street) 
47. N. 51st Street and W. Congress Street 
48. N. 47th Street and W. Roosevelt Drive 

KNOWN CROSSOVERS IN THE MILWAUKEE RIVER WATERSHED: 1970a 

Milwaukee River 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Milwaukee River 
Milwaukee River 
Milwaukee River 
Milwaukee River 
Milwaukee River 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 

Crossover Location 

City of Milwaukee 

Initial 
Receiving Stream 



Table H-2 (continued) 

a All c rossovers  a r e  located upstream f rom the North Avenue Dam. The number beside each listed c ross -  
over  corresponds to a code number on Map 46. 

Crossover  Location 

Village of Shorewood 

49.  E. Edgewood Avenue and N. Cambridge Avenue 
50. E. Edgewood Avenue and N. Oakland Avenue 
51. E. Olive Street and N. Wilson Drive 
52. N. Woodburn Street and E. Olive Street 
53. N. Morr i s  Boulevard and E. Lake Bluff Boulevard 
54. E. Glendale Avenue and N. Morris  Boulevard 
55. E. Glendale Avenue and N. Larkin Street 

Village of Whitefish Bay 

56. E. Hampton Avenue and N. Idlewild Avenue 
57. E. Hampton Avenue and N. Sheffield Avenue 
58. E. Lancaster Avenue and N. Diversey Boulevard 
59. N. Lydell Avenue and E. Lancaster Avenue 

Source: City of Milwaukee Bureau of Engineering and the Sewerage Commission of the City of Milwaukee. 

Initial 
Receiving Stream 

Milwaukee River 
Milwaukee River 
Milwaukee River 
Milwaukee River 
Milwaukee River 
Milwaukee River 
Milwaukee River 

Milwaukee River 
Milwaukee River 
Milwaukee River 
Milwaukee River 



Table H-3 

KNOWN BYPASSES IN THE MILWAUKEE RIVER WATERSHED: 1970a 

Mouth of Milwaukee River  to Confluence With the Menomonee River 
City of Milwaukee 

Bypass Location 
Initial 

Receiving Stream 

4. North of W. McKinley Avenue a t  N. Commerce Street 
5. E. Brady Street and N. Van Buren Street  
6. N. Marshall  Street  a t  Milwaukee River 

1. E. Bruce Street  a t  Milwaukee River 
2. E. Bruce Street  a t  Milwaukee River 
3. E. E r i e  Street a t  Milwaukee River 

Confluence With the Menomonee River to the North Avenue Dam 
City of Milwaukee 

Milwaukee River 
Milwaukee River 
Milwaukee River  

Milwaukee River 
Milwaukee River  
Milwaukee River 

Upstream F r o m  the North Avenue Dam 
City of Milwaukee 

7. N. Green Bay Road and W. Hampton Avenue 
8. N. Green Bay Road and W. Hampton Avenue 
9. N. 31st Street  North of W. Hampton Avenue 

10. N. 35th Street  and W. Congress Street  

Upstream F r o m  the North Avenue Dam 
Village of Fox Point 

Milwaukee River 
Milwaukee River 
Lincoln Creek 
Lincoln Creek 

a 
The number beside each listed bypass corresponds to a code number on Map 46. 

11. Cherokee Circle  (One-Half Block South of E. Spooner Road) 
12. 8506 N. Manor Road 

Source: City of Milwaukee Bureau of Engineering and the Sewerage Commission of the City of Milwaukee. 

Indian Creek 
Indian Creek 



Table H-4 

City of Milwaukee 

a 
KNOWN RELIEF PUMPING STATIONS IN THE MILWAUKEE RIVER WATERSHED: 1970 

- -- 

Relief Pumping Station Location 
Initial 

Receiving Stream 

1. N. 27th Street and W. Villard Avenue 
2. N. 32nd Street and W. Hampton Avenue 
3. N. 63rd Street and W. Hampton Avenue 
4. N. 35th Street and W. Roosevelt Drive 

Village of Fox Point 

a 
All relief pumping stations a re  located upstream from the North Avenue Dam. The number beside each 
listed relief pumping station corresponds to a code number on Map 46. 

Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 

5. Mall Road and Crossway Road 
6. Santa Monica Boulevard and Willow Road 

Village of River Hills 

7. Range Line Road 

Source: City of Milwaukee Bureau of Engineering and the Sewerage Commission of the City of Milwaukee. 

Indian Creek 
Indian Creek 

Milwaukee River 

Table H-5 

KNOWN PORTABLE PUMPING STATIONS IN THE MILWAUKEE RIVER WATERSHED: 1970a 

a 
All portable pumping stations a r e  located upstream from the North Avenue Dam. The number beside 
each portable pumping station corresponds to a code number on Map 46. 

Portable Pumping Station Location 

City of Milwaukee 

1. N. 20th Street and W. Hampton Avenue 
2. N. 47th Street and W. Hampton Avenue 
3. N. 48th Street and W. Luscher Avenue 
4. N. 49th Street and W. Luscher Avenue 
5. N. 47th Street and W. Eggert Place 
6. N. 55th Street and W. Fairmount Avenue 
7. N. 57th Street and W. Sheridan Avenue 
8. N. 61st Street and W. Lawn Avenue 
9. N. 63rd Street and W. Fairmount Avenue 

10. N. 64th Street and W. Stark Street 
11. N. 66th Street and W. Ruby Avenue 
12. N. 66th Street and W. Marion Street 
13. N. 67th Street and W. Marion Street 

Source: City of Milwaukee Bureau of Engineering and the Sewerage Commission of the City of Milwaukee. 

Initial 
Receiving Stream 

Milwaukee River 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 
Lincoln Creek 



Appendix I 

COMPARISON O F  REGIONAL FLOOD FREQUENCY ANALYSIS DATA AND THE 
MILWAUKEE RIVER WATERSHED FLOOD SIMULATION MODEL DETERMINED 

FLOOD FREQUENCY DATA FOR 16 STRUCTURE LOCATIONS 
IN THE MILWAUKEE RIVER WATERSHED 

DISCHARGE-FREQUENCY 
LOWER MILWAUKEE RIVER 

AT STRUCTURE NO, 220, NORTH AVENUE DAM 
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LOWER MILWAUKEE RIVER 

AT STRUCTURE NO. 197, BROWN DEER ROAD 
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LOWER MILWAUKEE RIVER 

AT STRUCTURE NOS 213 TO 215, ESTABROOK PARK DAM 
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DISCHARGE -FREQUENCY 

LOWER MILWAUKEE RIVER 
A T  STRUCTURE NO. 193. PIONEER ROAD CTH C 

Figure 1-6 
DISCHARGE -FREQUENCY 

CEDAR CREEK 
A T  STRUCTURE NQ 192. HAMILTON ROAD -- 
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DISCHARGE-FREQUENCY 
CEDAR CREEK 

AT STRUCTURE NO. 179, U.S.GS. GAGING STATION STH 6 0  
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DISCHARGE - FREQUENCY 
NORTH BRANCH OF THE MILWAUKEE RIVER 
A T  STRUCTURE NO. 140. RIVERSIDE ROAD 

.-- - - - 
DISCHARGE-FREQUENCY 

LOWER MILWAUKEE RlVER 
A T  STRUCTURE NO. 146. GRAFTON STH 57 

Fi- 1 4 0  
DISCHARGE -FREQUENCY 

MIDDLE MILWAUKEE RIVER 
A T  STRUCTURE NO 8 4  DOWNSTREAM NEWBURG CTH A 
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DISCHARGE -FREQUENCY 
MIDDLE MILWAUKEE RIVER 

A T  STRUCTURE NO. 78, WEST B E N D  STH 33 

DISCHARGE -FREQUENCY 
EAST BRANCH O F  T H E  MILWAUKEE RIVER 

A T  STRUCTURE NO 52. STH 28 

DISCHARGE -FREQUENCY 
UPPER MILWAUKEE RIVER 

A T  STRUCTURE NO. 29, KEWASKUM S T H  2 8  
AVERAeCIE RECURRENCE IWTERmL IN V E I R S  

PERCENT P r n B I B I L I T I  Of 0-RReNcE IN ANY YEAR 

DISCHARGE -FREQUENCY 
UPPER MILWAUKEE RIVER 

A T  STRUCTURE NO II. AUBURN-ASHFORD ROAD 
AVERlOE RECURRENCE INTERWL IN YE1119 

PERCENT P-IBILITI OF OCCWRENCE IN AN11 YEAR 

Source: Harza Engineering Company and SE WR PC. 
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A T  STRUCTURE NO. 7. CAMPBELLSPORT STH 67 
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Appendix J 

LAKE AND STREAM RECREATIONAL USE CLASSIFICATION STANDARDS 
PREPARED BY THE WISCONSIN DEPARTMENT O F  NATURAL RESOURCES 

LAKE AND STREAM CLASSIFICATION 

RECOMMENDATION 

NO. 1 

Recommendation: That l a k e s  o f  l e s s  than 50 a c r e s ,  n o t  p a r t  of  a con- 
nected  chain ,  be l i m i t e d  t o  b o a t s  wi thout  motors. 

Explanat ion:  Lakes of t h i s  s i z e  a r e  smal l .  I f  c i r c u l a r  i n  shape ,  a s  
most l a k e s  tend t o  be. t h e y  w i l l  be only  0.33 m i l e  
wide. Cross ing a l a k e  o f  t h i s  s i z e  a t  a rowing o r  
paddl ing  speed o f  f o u r  m i l e s  p e r  hour would t a k e  o n l y  
f i v e  minutes. A p l a n i n g  type  o f  boat  t r a v e l i n g  a t  10 
m i l e s  p e r  hour would o n l y  r e q u i r e  two minutes  t o  c r o s s  
and a boat t r a v e l i n g  a t  20 m i l e s  p e r  hour would 
r e q u i r e  one minule. At 40 m i l e s  p e r  hour. t h e  n e a r  
maximum speed, i t  would t a k e  0 . 5  minute  t o  c r o s s .  When 
t h e  space  f o r  i n t e n s i v e  s h o r e l i n e  a c t i v i t i e s  i s  taken 
i n t o  account.  a d i s t a n c e  of  200 f e e t  from shore .  o n l y  
32.48 a c r e s  of  open water  s u r f a c e  remain. A boat  
t r a v e l i n g  f o u r  m i l e s  p e r  hour would be a b l e  t o  make 
3.3 c i r c l e s  o f  t h e  l a k e  i n  an  hour  on a p e r i m e t e r  200 
f e e t  from shore. A boat  t r a v e l i n g  20 m i l e s  p e r  hour 
could  make 16.59 c i r c l e s  on t h i s  0.829 m i l e  per imeter .  

Lakes of  smal l  s i z e s  a l s o  have a h igh r a t i o  o f  shore-  
l i n e  l e n g t h  t o  water  a r e a  which c o n t r i b u t e s  t o  a heavy 
load o f  l a k e  u s e r s  p e r  u n i t  a r e a  of water.  A c i r c u l a r  
10-acre l a k e  would p r o v i d e  3.65. 60-foot  l o t s  on i t s  
0 .22  m i l e  s h o r e l i n e  p e r  a c r e  o f  water  and a 50-acre 
l a k e  would provide  1.8, 60-foot l o t s  p e r  a c r e  on its 
1.04 m i l e  s h o r e l i n e .  

S i n c e  t h e  a v a i l a b l e  d i s t a n c e s  a r e  s h o r t  and t h e  open 
water  space l i m i t e d .  i t  is concluded t h a t  motorboats  
can  cause  s u b s t a n t i a l  i n t e r f e r e n c e  wi th  o t h e r  a c t i v i -  
t i e s .  

This  recommendation would a f f e c t  2.221 named lakes .  
according t o  t h e  1958 p u b l i c a t i o n  e n t i t l e d  'Wisconsin  
Lakes. '  ' 

LAKE AND STREAM CLASSIFICATION 

RECOMMENDATION 

NO. 2 

Recommendation: That a s h o r e l i n e  a c t i v i t y  zone 200 f e e t  wide be  e s t a b -  
l i s h e d  f o r  a l l  l a k e s  i n  which t h e  speed of  b o a t s  would 
be  l i m i t e d  t o  f i v e  m i l e s  p e r  hour. 

Explanat ion:  Most a c t i v i t i e s  on  water  t a k e  p l a c e  n e a r  t h e  shore .  s o  
crowding and c o n f l i c t s  Setween a c t i v i t i e s  w i l l  be most 
i n t e n s e  here .  T h i s  space  is used by people  f o r  swim- 
ming, placement o f  p i e r s ,  anchor ing o f  b o a t s ,  s h o r e  
and shal low water  f i s h i n g .  w i l d l i f e  o b s e r v a t i o n ,  and 
duck hunting. I t  i s  a l s o  t h e  n e s t i n g ,  feedlng. and 
n u r s e r y  a r e a  f o r  f i s h  and waterfowl. Al l  s h o r e  a c t i v i -  
t i e s  named t a k e  p l a c e  a t  a r e l a t i v e l y  slow speed o r  
a r e  s t a t i o n a r y ,  s o  t h e  c a p a b i l i t y  t o  dodge o r  move o u t  
o f  t h e  way is l i m i t e d .  

The number of persons  engaged i n  s h o r e  a c t i v i t i e s  is 
always much g r e a t e r  t h a n  t h e  number engaged i n  b o a t i n g  
d u r i n g  t h e  s u m e r ,  s o  i f  t h e r e  i s  i n t e r f e r e n c e ,  s h o r e  
a c t i v i t i e s  should be  accorded p r o t e c t i o n .  Motorboats  
a r e  capable  o f  t r a v e l i n g  a t  speeds  ranging from f o u r  
UP t o  40 m i l e s  p e r  hour ,  and u s u a l l y  a speed o f  a t  
l e a s t  e i g h t  m i l e s  p e r  hour  is r e q u i r e d  t o  a c h i e v e  
p l a n i n g  f o r  most b o a t s  o f  t h e  p l a n i n g  type .  Space con- 
sumption a t  h igh r a t e s  of  speed w i l l ,  t h e r e f o r e ,  be  
h igh,  p a r t i c u l a r l y  when i n d u l g i n g  i n  t h e  s h a r p  t u r n  
and maneuvers a s s o c i a t e d  wi th  water  s k i i n g .  F a s t  
moving a c t i v i t i e s  and slow moving a c t i v i t i e s  do n o t  
mesh w e l l ,  and u s u a l l y  f a s t  a c t i v i t i e s  w i l l  d r i v e  slow 
a c t i v i t i e s  away. 

Motorboat t r a v e l  through weed beds t e n d s  t o  damage 
submergent s p e c i e s  and d e s t r o y  emergent s p e c i e s .  S i n c e  
both  types ,  i f  n o t  i n  excess .  c o n t r i b u t e  t o  t h e  f i s h  
and game r e s o u r c e  and t h e  a e s t h e t i c  o p p o r t u n i t i e s .  
some p r o t e c t i o n  is j u s t i f i e d .  Fast boat  t r a v e l  i n  
shal low water near  s h o r e s  t e n d s  t o  s t i r  up t h e  bottom 
and c r e a t e  waves which do not  have much space  i n  which 
t o  b e  dampened. These c i r c u m s t a n c e s  c o n t r i b u t e  t o  
water  turbidity. 

The s h o r e l i n e  a c t i v i t y  zone 200 f e e t  wide a l s o  w i l l  
l i m i t  boat speed i n  narrow bays. A p p l i c a t i o n  o f  t h i s  
speed r u l e ,  however, i s  n o t  deemed p r a c t i c a l  f o r  
r i v e r s .  

LAKE AND STREAM CLASSIFICATION 

RECOMMENDATION 

NO. 3 

Recommendation: That  o v e r n i g h t  anchor ing,  d r i f t i n g ,  o r  mooring of 
b o a t s  on open water on which p e o p l e  a r e  l i v i n g ,  s l e e p -  
ing ,  o r  camping be p r o h i b i t e d  on a l l  i n l a n d  w a t e r s  
except  Great Lakes and its commercial h a r b o r s ,  t h e  
M i s s i s s i p p i  River ,  t h e  S t .  Croix R i v e r  upstream t o  t h e  
f i r s t  dam, t h e  lower Fox River .  Lake Winnebago, t h e  
upper Fox River  and connect ing  l a k e s  upstream t o  t h e  
B e r l i n  Dam, and t h e  Wolf R i v e r  upstream t o  New London. 

Explanat ion:  Most o f  t h e  i n l a n d  w a t e r s  a r e  smal l  and a r e  n o t  capa- 
b l e  o f  i n o f f e n s i v e l y  a b s o r b i n g  t h e  sewage c o n t r i b u t i o n  
anticipated from boat  lodging.  Adoption of t h i s  recom- 
mendation would i n  no way p r o h i b i t  mooring o f  a boat  
t o  t h e  s h o r e  and u s i n g  i t  f o r  s l e e p i n g  purposes. When 
moored a t  t h e  s h o r e ,  occupants  have t h e  o p p o r t u n i t y  
t o  seek s h o r e  d i s p o s a l  of  wastes .  P r e s e n t  law p r o -  
h i b i t s  d i s c h a r g e  of  human wastes  o r  o p e r a t i o n  o f  a 
marine t o i l e t  i n  a l l  i n l a n d  w a t e r s  except  t h e  M i s s i s -  
s i p p i  River  and Lake Winnebago. This  r u l e  i s ,  however. 
i n e f f e c t i v e  i f  people  a r e  l i v i n g  aboard a boat  on open 
water.  

Operation o f  t h i s  recommendation would cause  b o a t s  
wi th  l i v i n g  accomodations t o  be a s s o c i a t e d  w i t h  p r i -  
v a t e  o r  p u b l i c  s h o r e  f a c i l i t i e s  and would, t h e r e f o r e .  
tend t o  a c h i e v e  b e t t e r  c o n t r o l  o f  p h y s i c a l  n u i s a n c e s  
i n  t h e  form of  p o l l u t i o n ,  garbage d i s p o s a l ,  and s o c i a l  
nuisances .  The sugges ted  c o n t r o l  would impose no 
handicap on u s e  o f  any t y p e  o f  boat  f o r  p l e a s u r e  
b o a t i n g  purposes  on  any waters .  

LAKE AND STREAM CLASSIFICATION 

RECOMMENDATION 

NO. 4 

Recommendation: That mooring o f  b o a t s  f o r  more t h a n  24 hours ,  e i t h e r  
on s h o r e  o r  i n  t h e  w a t e r ,  be  p r o h i b i t e d  a t  p u b l i c  
l a n d i n g s  except  where l a n d i n g s ,  anchorages, o r  p u b l i c  
p i e r s  have been d e s i g n a t e d  by t h e  agency owning t h e  
landing.  

Explanat ion:  Landings w i l l  u s u a l l y  c o n s i s t  o f  an a c c e s s  road l e a d -  
ing  down t o  a lakeshore .  Being narrow, t h e y  do n o t  
provide  enough s p a c e  t o  moor many b o a t s  and, i f  b o a t s  
a r e  moored, t h e  f r e e  movement o f  b o a t s  i n t o  and o u t  o f  
t h e  water ,  o r  n a v i g a t i o n  on t h e  water ,  i s  hampered. 
Boats a r e  used but a smal l  percentage  o f  t h e  t o t a l  
t ime a v a i l a b l e  f o r  use .  Therefore ,  t h e y  w i l l  be a t  
t h e i r  moorings much more t h a n  i n  use. T r a n s p o r t a t i o n  
of  b o a t s  no l o n g e r  poses  t h e  problem i t  d i d  r e a r s  
back. At t h e  p r e s e n t  t ime about  40 p e r  c e n t  of  t h e  



boating public is t r ans ien t .  and t r a i l e r  haulage has 
developed t o  a high degree o f  eff iciency.  

To moor a l l  boats  cu r ren t ly  regis tered (200,000t) on 
the  shore would mean occupation o f  200 miles of shore- 
l ine.  I t  w i l l  be c l e a r  from t h i s  f a c t  tha t  public  
landings wil l  not  have space t o  accommodate so many 
boats. 

Where space does permit mooring of boats. anchorages 
o r  mooring areas should be designated by the  agency 
owning the  landing t o  avoid indiscr iminate locat ion o f  
boats, with damage t o  a e s t h e t i c  values. obstruct ion of 
launching s i t e s ,  and in te r fe rence  with navigation and 
p r iva te  property r ights .  To have access s i t e s  f r e e  of 
obstacles  should Permit a higher level  of upkeep. 

LAKE AND STREAM CLASSIFICATION 

RECOMMENDATION 

NO. 5 

Recornendation: Boat control  on lakes in  the  50- t o  200-acre s i z e  
range, and i n  some cases l a rge r  lakes, wi l l  be neces- 
sa ry  when they become heavi ly used. A l imi ta t ion  on 
speed t o  f ive  miles per hour by the appropriate  gov- 
ernmental agency wi l l  provide the bes t  general con- 
t ro l .  

Explanation: Lakes i n  t h i s  s i z e  range a r e  l a rge  enough so t h a t  
boaters  may want t o  use motor power t o  get around. 
They a r e  a l so  l a rge  enough t o  accomodate some f a s t  
boat ing when the level  o f  a l l  types of boating is not 
high. Yet they a r e  not l a rge  enough t o  accommodate 
heavy f a s t  boating t r a f f i c  without becoming crowded 
and dangerous and subjected t o  considerable i n t e r -  
ference between a c t i v i t i e s .  

Space consumption by swimmers, fishermen, and boaters  
t ravel ing slowly is r e l a t i v e l y  low, while space con- 
sumption by f a s t  boats is high. It is estimated tha t  a 
water s k i e r  requires  between 20 and 40 ac res  of space. 
A lake wi l l  be capable of accommodating more of the  
slow uses than f a s t  uses and a l s o  bas a higher level  
of pa r t i c ipa t ion  i n  the  slower uses. 

Lakes i n  the  50- t o  200-acre s i z e  c l a s s  whose shores 
a r e  completely occupied by residences and recreat ion 
f a c i l i t i e s  w i l l  have f a s t  boating dens i t i e s  exceeding 
one boat per 20 acres .  plus o the r  boating a c t i v i t i e s .  
Lakes with complex shapes--much shorel ine per  u n i t  of 
water--will have an aggravated problem. 

Some idea of s p a t i a l  r e l a t ionsh ips  may be gained from 
the  following notes. A lake of 100 ac res  c i r c u l a r  i n  
shape wi l l  have 70 ac res  o f  open water when due allow- 
ance is made f o r  shorel ine ac t iv i t i e s - -a  200-foot wide 
shorel ine a c t i v i t y  zone. A 200-acre lake would have 
150 ac res  when the  shorel ine a c t i v i t y  zone is taken 
out. A c i r cu la r  100-acre lake would be 0.4 mile across  
and a 200-acre lake would be 0.6 mile across. At f i v e  
miles per hour. i t  would take f i v e  minutes t o  c ross  
the  1W-acre lake and 7% minutes t o  c ross  the  200-acre 
lake. At 20 miles per  hour, i t  would take one minute 
t o  cross  the 100-acre lake and two minutes t o  c ross  
the 200-acre lake. A c i r c u l a r  course s e t  200 f e e t  from 
shore would measure 1.16 miles on a 100-acre lake and 
1.7 miles on a 200-acre lake. Four l aps  o f  t h i s  course 
on a 100-acre lake could be made a t  f ive  miles per  
hour and 17 l aps  a t  20 miles per  hour i n  one hour's 
time. These f a c t s  suggest a very high t r a f f i c  l eve l  
can develop. 

As l eve l s  of use become too high, imposition of a f i v e  
mile per hour speed l i m i t  w i l l  be the best  regulatory 
approach. A speed l i m i t  imposes no r e s t r i c t i o n s  on 
type o r  s i z e  o f  boat and motor. Although some w i l l  
argue tha t  a speed l imi t  cannot be enforced, i t  should 
be pointed out  t h a t  t h i s  is approximately the speed of 
br isk walking and, therefore.  has a land type of 
motion fo r  comparison. Also. planing boats--the capa- 
b i l i t y  fo r  t r ave l ing  fa s t - -wi l l  not  take place u n t i l  a 
boat is t r ave l ing  a t  about e igh t  miles per hour. A 
planing boat. therefore,  wil l  be eas i ly  detectable and 
known t o  be exceeding the speed l imit .  

Because of great va r i a t ion  in  the  l eve l s  of use and 
cha rac te r i s t i c s  of lakes,  i t  wi l l  not  be possible  t o  
provide a s ingle s t a t e  regulat ion fo r  the whole s t a t e  
covering a l l  lakes of these  s izes .  As regulat ions a r e  
required for  individual  bodies of water. the regulat-  
ing authori ty,  whether s t a t e  o r  loca l ,  should adopt 
the f i v e  miles per hour speed l i m i t .  I n  t h i s  way. 
uniform regulat ions wi l l  be developed as required. 

There a r e  1.302 lakes which could be affected by t h i s  
regulation. 

LAKE AND STREAM CLASSIFICATION 

RECOMMENDATION 

NO. 6 

Recommendation: That boats  passing within 200 f e e t  of swimmers, slow 
moving boats. anchored boats, o r  the shore be required 
t o  slow t o  f i v e  miles  per  hour. 

Explanation: Maintenance of sa fe  and enjoyable water recreat ion 
requires  tba t  the re  should be respect  for  the  slower 
a c t i v i t i e s  and t b a t  competing and conf l i c t ing  a c t i v i -  
t i e s  be given separation. This i n t e n t  wi l l  best  be 
served by having f a s t  c r a f t  slow down when they come 
close. "Close" is regarded a s  a dis tance of l e s s  
than 200 feet .  The f ive  miles  per hour is a sa fe  speed 
with l i t t l e  wake and wil l  cause l i t t l e  interference.  

A 200-foot separat ion would provide an a rea  around 
each boat or  swimmer of about 0.7 of an acre,  enough 
space r e l a t ive ly  undisturbed t o  pursue a c t i v i t i e s  
without interference.  Municipal i t ies  which already 
have adopted boating ordinances have required 100- t o  
200-feet separat ion o f  f a s t  moving and anchored o r  
slow moving c r a f t  with most adopting a 200-foot 
separat ion.  Present s t a t e  law p roh ib i t s  operat ing a 
motorboat on a c i r c u l a r  course within 200 fee t  of 
another boat o r  swimmer. 

LAKE AND STREAM CLASSIFICATION 

RECOMMENDATION 

NO. 7 

Recommendation: Lake and stream c l a s s i f i c a t i o n  and zoning a r e  usual ly 
thought of i n  terms of the  water area,  but the recrea-  
t iona l  use of water begins on the  shore. Therefore. 
the Wisconsin Conservation Department. which provides 
guidance i n  recreat ional  use of navigable waters, a 
public  r igh t ,  recommends tha t :  1 )  settlement. build- 
ing, and p la t t ing  along r i v e r  and stream shores be 
based upon s i z e  of the  body of water; and 2) streams 
and m a l l  r ive r s  should not be p la t t ed  o r  bui ldings 
constructed on t h e i r  banks i f  these waters a r e  t o  
supply broadly based recreat ion of high qual i ty .  

Explanation: Large r i v e r s  w i l l  provide nearly f p l l  recreat ional  use 
of a public  resource from boats on the water; but 
aquat ic  recreat ion on streams and small r i v e r s ,  which 
general ly takes place frcm the  bank. requires  movement 
along the bank t o  seek the  'TIoles." "flats," o r  
" r i f f l e s"  where the p a r t i c u l a r  aquat ic  resource is 
located. Each l i t t l e  port ion of stream o r  small r i v e r  
makes a contr ibut ion t o  the  whole by providing any o r  
a l l  of such items a s  food fo r  f i s h  o r  waterfowl, r e s t -  
ing o r  loafing s i t e s .  o r  spawning grounds; and the re  
is considerable movement o f  these resources. Small 
parcels  of frontage w i l l  seldom contain a l l  values. 
and owners and use r s  of these wi l l  a l so  be dependent 
upon o the r  frontage and loca t ions  fo r  t h e i r  packageof 
recreat ion ac t iv i ty .  

As streams and small r i v e r s  become sp l in te red  i n t o  
small holdings, t r e spass  problems wi l l  a r i s e ;  and the  
a b i l i t y  t o  enjoy f r ee  movement up and down stream and 
riverbanks diminishes. Also. improvements by p r iva te  
frontage owners i n  the form of lawns. gardens, bui ld-  
ings. and sewage disposal  usual ly occurring with r e s i -  
den t i a l  o r  indus t r i a l  bui lding and p la t t ing  may have a 
subs tan t i a l  impact on habi tat .  I t  i s ,  therefore.  



recommended t h a t  streams and small r ive r  frontage 
should be regarded a s  public  ways where appropriate  
and maintained in  large ownership blocks in other  
places. To s p l i n t e r  holdings in to  numerous small 
ownerships w i l l  s ign i f i can t ly  reduce the value of 
streams and small r i v e r s  a s  a community recreat ion 
resource. 

Large r ivers .  on the other  hand, provide the  oppor- 
tun i ty  for  boat navigation and allow f ree  movement in  
the water. The banks of the  large r i v e r s ,  which a r e  
s imi la r  i n  many respects  t o  a lakeshore, provide a 
s i t u a t i o n  from which t o  enjoy aquat ic  recreat ion.  Most 
of the  large r ive r s  inherent ly have greater  navigation 
ease and more water space because they have low gra- 
d ien t s  approximating one foot  per  mile. Streams and 
many of the  small r i v e r s  have gradients  as  high a s  15 
fee t  per mile with g rea te r  cu r ren t s  and more r i f f l e  
a reas  l e s s  adaptable fo r  boat use. However, u t i l i z a -  
t ion  of t h e  banks o f  l a rge  r i v e r s  for  bui lding pur- 
poses should only include frontage above flood stage 
and the modest s lopes i f  flooding and erosion i s  t o  be 
avoided and valuable wetland hab i t a t  preserved. 

A width of 200 fee t  i s  a good width t o  dis t inguish a 
"large" r ive r  from a "small" one. In order  t o  
fu rn i sh  a concept of s i ze ,  dimensions of some r i v e r s  
a r e  noted. Black Earth Creek has an average width of 
16 feet .  The Fox River i n  Kenosha County has an aver- 
age width o f  180 f e e t  within its banks. The lower 
Rock. Wisconsin. Chippewa. and Fox. t o  name a few, 
would a l l  be l a rge  r i v e r s  over 200 f e e t  wide. 

The present  s t a t e  program of acquir ing stream frontage 
and f i sh ing  easements on streams and small r i v e r s  f i t s  
the concept of providing a public  way ideal ly.  Local 
u n i t s  of government could a l so  e f fec t ive ly  make use of 
the zoning tool  t o  assure the  stream and r ive r  recrea-  
t ion  values. Ideal ly.  t he re  could be a p l a t t i n g  
requirement enforced by the S t a t e  Planning Division. 
This recreat ional  concept fo r  water use is highly 
compatible with f loodplain zoning. 

The miles  and a rea  of l a rge  r i v e r s  and small r i v e r s  
in  a number of counties  where data  i s  ava i l ab le  a re  
noted i n  the  following t ab le :  

S t .  Croix 

Vilas  

Walworth 380 

Washington 221 662 

County 

Dane 

Dunn 

Green 

Kenosha 

Polk 

Racine 

LAKE AND STREAM CLASSIFICATION 

RECOMMENDATION 

NO. 8 

Rec-endation: People des i r e  a whole range of recreat ional  values 
from inland g lac ia l  lakes and impoundments. including 
f ishing,  wi ld l i f e  study and observation, hunting and 
trapping, and aes the t i c s .  These important values 
require. i n  pa i t ,  t he  exis tence o f  wild shore. lhere-  
fore,  i t  is the  Conservation Department's opinion t h a t  
a t  l e a s t  25 percent of the  shore o f  a pa r t i cu la r  lake 
o r  impoundment ought t o  be preserved in  a wild s t a t e  
through zoning and acqu i s i t ion  i f  these values a re  t o  
be protected. 

Explanation: The various recreat ional  demands made on water have a 
space requirement in  the  form of required habi tat .  For 
the  f ishery,  t h i s  wi l l  be spawning grounds fo r  various 
species ,  e spec ia l ly  the marsh spawners, and nursery 
grounds f o r  young f i sh ;  or  i t  may be the sub t l e  con- 
t r ibu t ion  of a food-producing area where frogs. tu r -  
t l e s .  and other  lower ve r t eb ra tes  hold forth.  For 
hunting, trapping, and wi ld l i f e  observation, t h i s  wild 
land space is t h e  nest ing ground from which wetland 
wi ld l i f e  has its necessary seclusion fo r  family r ea r -  
ing and f inds abundant food. I t  i s  t h e  base of opera- 
t i o n s  fo r  t h i s  community. Many of the  aes the t i c  
demands of water users  a r e  met by the wild shore. This 
shore grows stands of bulrush and wild r i c e  and sup- 
por t s  clones of water l i l i e s .  From here t e rns  and 
o the r  types of birds w i l l  be able  t o  fan out over the 
whole lake. This shore is an element of varied land- 
scape which should not "grow" bui ldings l i k e  most of 
r e s t  of the  shore. Also, i t  makes a sub t l e  contribu- 
t ion  t o  the heal th o f  the lake where in f luen t  waters 
a r e  cleansed of the  s i l t s  and excessive nutr ients .  

Large Rivers 

The natural  cha rac te r i s t i c s  of inland lakes commonly 
make reservat ion of 25 percent. plus  o r  minus. o f  the  
shore feasible .  Prevai l ing wester ly winds pe rn i t  
marshes t o  develop on west shores and protected shores 
and keep exposed shores well sorted and most adapted 
t o  the needs of people. By reserving a port ion of the 
shore, whether marsh o r  other  important hab i t a t  f o r  
f i s h  and wi ld l i f e  and a e s t h e t i c  purposes. we would be 
contr ibut ing t o  preservat ion o f  a t  l e a s t  ha l f  o f  the  
recreat ional  demands made on water. 

Small Rivers And 
Streams 

Miles 

14 

75 
. . 

- - 
40 
. - 

Without a measure of t h i s  kind, los ses  of water- 
recreat ional  values a r e  t o  be expected. 

Miles 

421 

386 

3 10 

110 

325 

105 

Area 

1,358 

2.177 
. . 

. - 
1,313 

- . 

LAKE AND STREAM CLASSIFICATION 

RECOMMENDATION 

NO. 9 

Area 

689 

1.614 

274 

410 

413 

610 

Recommendation: I n  s i tua t ions  where the re  is adequate space for  water 
sk i ing  but where there is subs tan t i a l  interference 
with other  a c t i v i t i e s .  t ha t  hours fo r  water sk i ing  be 
establ ished.  Recommended hours a r e  10 A.M. t o  6 P.M. 
Savings Time. 

Explanation: Lakes over 50 acres  have a t  l e a s t  some space fo r  water 
skiing. but water ski ing i s  so consumptive of space. 
taking 20 t o  40 ac res  per boat, t h a t  the re  is sub- 
s t a n t i a l  i n t e r fe rence  with o the r  a c t i v i t i e s ,  par t icu-  
l a r l y  fishing. Where the re  is interference.  the bes t  
manner i n  which t o  accommodate a c t i v i t i e s  wi l l  be t o  
e s t ab l i sh  hours during which water sk i ing  can take 
place. Suggested hours wi l l  take advantage o f  the 
a c t i v i t y  pa t t e rns  of the a c t i v i t i e s .  

Fishing is an a c t i v i t y  most p ro f i t ab ly  pursued i n  
e a r l y  morning and i n  the  l a t e r  afternoon and evening. 
Water sk i ing  is most commonly pursued i n  the Wahuth of 
the  day when the sun is bright. Accordingly. i t  would 
be most appropriate  t o  have hours which capture these 
a c t i v i t y  pat terns.  I f  water sk i ing  hours a r e  main- 
ta ined from 10 A.M. t o  6 P.M.. water sk i ing  would not 
i n t e r f e r e  with f ishing,  and prime f i sh ing  hours a r e  
reserved from interference.  Water sk i ing  could take 
place during the  middle of the  day. 

l h i s  r e c m e n d a t i o n  has meaning t o  more than a mil l ion 
anglers. I t  w i l l  be a r e s t r i c t i o n  on Water ski ing,  
l imi t ing  the a c t i v i t y ,  t o  some extent ,  a t  both 
extremes o f  the normal a c t i v i t y  period. Out of samples 
of motorboats i n  use, l e s s  than 10 percent had motors 
with more than 12 horsepower which might f eas ib ly  be 
used for  water ski ing.  The hours a s  provided would 
tend t o  favor a c t i v i t i e s  which a r e  pursued by the 
g rea tes t  numbers. 



LAKE AND STREAM CLASSIFICATION 
RECOMMENDATION 

NO.  10 

Recommendation: That the  decis ion regarding construct ion of lagoons 
o r  boat channels to l akes  be based on the  s i z e  o f  t h e  
lake and the  amount o f  shorel ine r e l a t i v e  to the  a rea  
o f  water. The i n t r i n s i c  qua l i ty  o f  the  water recrea-  
t i o n  experience dec l ines  when densi ty of b a t i n g  fo r  
a l l  pumoses is excessive. 

Spec i f i c s :  1. The i n t r i n s i c  q u a l i t i e s  of t h e  water recreat ion 
experience decl ine s ign i f i can t ly  when t h e  density o f  
boat ing exceeds one b a t  pe r  10 acres .  Since channels 
a r e  i n  e f fec t  another  means of b a t  access, densi ty 
o f  b a t i n g  should be one governing factor .  A graph 
i s  provided ind ica t ing  re l a t ionsh ip  o f  water space 
and shore space for  l akes  of various s i z e s  and f o r  
l akes  having various shapes ( o r  shore l ine  development 
f a c t o r s l )  fo r  a i d  in  determining the  s i z e  of waters 
on which t h i s  type o f  development is appropriate. An 
e l l i p s e  shape wil l  be desc r ip t ive  o f  most waters with 
complex shapes ( i .  e . ,  elongated, many lobed, etc. ). 

2. Channels inherent ly have problems because o f  
t h e i r  cha rac te r i s t i c s .  They, therefore,  should be 
b u i l t  only where they a r e  importantly funct ional  and 
where the re  is some p o s s i b i l i t y  of having c i r cu la -  
t ion.  They should not  be in  competition with c r i t i c a l  
hab i t a t .  

3.  That authori ty to  construct  a channel also be 
accompanied by the  r e spons ib i l i ty  for  maintenance. 

Explanation: Channels o r  lagoons a re  usually a narrow waterway 
intended t o  provide b a t  access t o  those l i v i n g  on 
banks o f  the channel. They normally lead o f f  t h e  main 
basin o f  a lake,  a re  dug t o  5 o r  6 foot depths and 
wi l l  be a s  much a s  50 f ee t  wide. A channel with these  
c h a r a c t e r i s t i c s  wil l  be protected from wind and wave 
act ion,  wil l  be suscept ible  t o  growth of rooted p l a n t s  
and filamentous algae throughout, and wi l l  be sub- 
j ec ted  t o  encroachment from marsh p l a n t s  growing 
along t h e  edge. 

Furthermore, a narrow channel with any amount o f  b a t  
t r a f f i c  and l i t t l e  space fo r  d i s s ipa t ion  of wake 
waves wil l  f ace  a problem with bank erosion. 
Entrances t o  channels i f  l oca ted  along wind-swept 
shores face d i f f i c u l t i e s  from l a t e r a l  t r anspor t  of 
beach and l i t t o r a l  sediments which can plug up a 
channel. A channel i s ,  therefore,  a po ten t i a l  main- 
tenance oroblem t o  those resnonsible fo r  nnkem . - ~ .- . . - .- . 
Under the c~rcumstances,  unless  a channel is highly 
functional and heavlly u r i l i z c d  and unless  arrange- 
ments have been made fo r  fu tu re  upkeep. construct ion 
o f  a channel should be avoided. 

Channels serving l a r g e r  l akes  general ly have g rea te r  
po ten t i a l  f o r  f lushing and c i r cu la t ion  than those 
serving smaller l akes  because they a re  subjected t o  
modest wind induced changes in  water l e v e l s  
(seiches) .  However, channels serving any l ake  'have 
a high r a t i o  of housing t o  water a rea  and are, there-  
fo re ,  affected by local  groundwater condit ions and 
waste disposal. As a consequence, they a r e  commonly 
very enriched i f  not  pol luted s i tua t ions .  pa r t i c -  
u l a r l y  with poor c i r cu la t ion .  Therefore, i n  t h e  
q 
t o  provision o f  adequate sewage handling and disposal 
f a c i l i t i e s .  

l ~ h e  shorel ine  development f ac to r  i s  de f ined  as  the 
r a t i o  o f  the  length o f  the  shorel ine  o f  the l ake  t o  
the  length o f  the shorel ine  i n  a c i r c l e  o f  the sane 
area .  This  r a t i o  i s  never l e s s  than one a d  w i l l  be  
high for l akes  wi th complex shapes. 

Since channels a re  intended primari ly fo r  boat access 
f o r  homes o r  businesses on the  hanks, the  question 
o f  l ake  s i z e  and amount o f  use has a hearing on the  
decision. An appropriate  question i n  t h i s  regard is. 
"Can t h e  r ive r  o r  l ake  absorb more use  without 
in t e r fe rence  with ex i s t ing  uses?" I n  dealing with 
lake use problems, we have noted t h a t  usual ly accept- 
a b l e  b a t i n g  dens i t i e s  tend t o  be not more than one 
boat per  10 ac res  o f  useable water. Consequently, i n  
making a decision on t h e  construct ion o f  channels. 
present  and prospect ive l e v e l s  o f  use  should be 
considered. Also, we have noted tha t  up t o  10% of  
t h e  boats  on a lake. p l u s  those using an access s i t e .  
wil l  be i n  use a t  any one time. Thus, t o  help in  
a r r iv ing  a t  a decis ion on capaci tu,  the re  could be a 
summation o f  ex i s t ing  use. The accompanying graph 
can a l so  he helpful  f o r  it provides a p l o t  o f  shore 
length versus l ake  a rea  fo r  lakes o f  d i f f e ren t  shapes. 
The number o f  l o t s  t h a t  might be placed on t h e  shore- 
l i n e  can be calculated. Then, combined with expected 
loading from the channel, t h e  po ten t i a l  densi ty can 
be visual ized.  

Purely from the  s tandpoint  o f  l e v e l s  of use, t h e  
r a t i o  o f  shore length t o  l ake  s i z e  ind ica tes  a lake 
would have t o  he a t  l e a s t  50 acres  before a r a t i o  of 
one 100-foot shore u n i t  ( o r  l o t  f o r  housing) pe r  acre 
u n i t  of water was reached for  a c i r c u l a r  lake. With 
higher shorel ine development f a c t o r s  and considering 
public  access, t h e  l ake  would have t o  he l a r g e r  still. 
Assuming tha t  10% of a l l  boats  present  a t  any one 
time might be i n  operat ion during a peak a c t i v i t y  
period and by using a s  a bas i s  f o r  a decis ion a r a t i o  
o f  one 100-foot shore u n i t  t o  one acre o f  water, a l l  
l akes  having l e s s  than one a c r e  o f  water pe r  100-foot 
u n i t  o f  shore would be screened out  a s  po ten t i a l  
s i t u a t i o n s  f o r  channel development. Those having more 
than one a c r e  per  u n i t  of shore would be po ten t i a l ly  
e l i g i b l e ,  provided the re  were not o the r  extenuating 
circumstances, such as excessive shallow waters and 
unuseable waters. With t h i s  background, i t  wil l  not 
even he appropriate  t o  discuss channels fo r  l akes  
l e s s  than 100 acres. The minimum s i z e  would he l a rge r  
s t i l l  when giving considerat ion t o  water c i r cu la t ion  
factors--probably not  l e s s  than 500 acres. 

A l ake  under Wisconsin law is regarded a s  a comon 
which a l l  have t h e  r igh t  o f  navigat ion and p r iv i l ege  
t o  partake of t h e  inc iden t s  of navigat ion such as 
f i sh ing  and swimming. A channel se rves  t o  f o s t e r  
comunity use  of t h e  navigable water and, therefore,  
w i l l  be a des i r ab le  manner i n  which t o  enjoy t h i s  
common, provided i n t r i n s i c  q u a l i t i e s  a r e  n o t  devalued 
and provided the re  is  adequate assurance of upkeep. 
From t h e  f i s h e r i e s  standpoint, channels usual ly have 
seasonal migrat ions o f  f i sh ,  p a r t i c u l a r l y  i n  t h e  
sp r ing  and sometimes i n  ear ly winter. Fish apparently 
seek t h e  warmer waters of these  channels. At o the r  
times, f i sh ing  i s  poor and channel waters may become 
stagnant  o r  depleted of oxygen. Casual observat ions 
suggest the re  is b e t t e r  c i r cu la t ion  o f  water and 
g rea te r  f i s h  s ign i f i cance  f o r  channels leading from 
t h e  l a rge  lakes. 

This  recommendation i s  an i n i t i a l  attempt to r e l a t e  
boat channels and lagooning t o  l ake  use. A s  more and 
b e t t e r  information becomes avai lable ,  t h i s  remm- 
mendation may be modified accordingly. 

Source: Wisconsin Department o f  Natural Resources. 



Appendix K 

DEFINITION OF WETLAND TYPES IN WISCONSIN 

A wetland, as  defined for the 1961 Wisconsin Department of Natural Resources inventory of wetlands, is 
any area where the water table i s  at such a level that raising of a cultivated crop is not usually possible. 
Seven specific wetland types a re  further defined a s  follows: 

1. Pothole 
Ponds o r  stock watering. areas. often with little cover o r  fringe vegetation. Vegetation i s  usually - 
grass and weedy growth, with occasional brush o r  aquatics. Restricted to a maximum area of 
10 acres. 

2. Fresh Meadow 
Soggy ground o r  seasonally flooded areas which are  normally too wet for agricultural practices. 
Growth of smartweeds; grasses, such as  bluejoint and reed canary; sedges; o r  broad-leaved plants 
may be present. Burreed may sometimes be found in moist pockets. 

3. Shallow Marsh 
Water present during most of the growing season, at  least in parts of the area. Vegetation of rice 
cut-grass, cattails, burreed, arrowheads, bulrushes, and spikerushes. 

4. Deep Marsh 
Water from six inches to three feet in depth during growing season. Vegetation of cattails, reeds, 
bulrushes, spikerushes, pondweed, and water lily. 

5. Shrub Swamp 
Waterlogged soil, with occasional standing water. Vegetation of shrub types, such as  alders, wil- 
low, and dogwoods. 

6. Timber Swamp 
. Waterlogged soil, with occasional standing water. Vegetation of timber types, such a s  tamarack, 

white cedar, green ash, and elm. 

7. Bog - 
Waterlogged soil conditions. Vegetation of leatherleaf, sphagnum moss, and labrador tea. 

The correlation between the U. S. Department of the Interior system and the Wisconsin Department of 
Natural Resources wetland classification systems is shown in the following lists: 

Wisconsin Wetland Type U. S. Wetland Type 

1. Pothole 
2. Fresh meadow 

3. Shallow marsh 
4. Deep marsh 
5. Shrub swamp 
6. Timber swamp 
7. Bog 

5. Open fresh water (up to 10 acres) 
1. Seasonally flooded plains o r  flats 

(wetter portions only) and 
2. Fresh meadow 
3. Shallow fresh marsh 
4. Deep fresh marsh 
6.  Shrub swamp 
7. Wooded swamp 
8. Bog 



The 199 numbered wetland units studied in the Milwaukee River watershed axe composite complexes of one 
o r  more of the seven listed Wisconsin wetland types, although some of the units may consist of monotypes. 

The 199 numbered wetland units identified in the Milwaukee River watershed can be generally defined a s  
geographical wetland complexes. Each has a minimum aggregate area of 50 acres. No determination of 
the composition by types was specifically performed during identification of the units. For the entire group 
of 199 units, a determination of average type composition was carried out by a point sampling method using 
the 1961 state wetland inventory as  a basis for the determination of types. Examination of 349 points for 
types yielded the following data: 

Wisconsin Wetland Wetland Number of Percent of 
Type Number Type Name Points Total Points 

2 Meadow 

1 , 3 ,  4, 7 Marsh 
5 Shrub swamp 
6 Timber swamp 

Total 349 100 

The marsh category (wetland types 1,  3, 4, and 7) included the shallow and deep marsh classes, a s  well 
as  potholes and bogs, as  i t  was not thought that a type breakdown within this category could be accurately 
made from the 10-year old survey. An approximate breakdown of this category would be 2 percent shallow 
marsh, 1 percent deep marsh, and 1 o r  less percent each of pothole and bog. Reference was made to the 
1967 regional aerial photos to help resolve difficult type identifications. This category (1, 3, 4, and 7) 
includes types usually wetter and with exposed surface water and totals 4 percent. The remaining cate- 
gories a re  drier  types and comprise 96 percent. 



Appendix L 

MANAGEMENT RECOMMENDATIONS FOR WETLAND UNITS 
IN THE MILWAUKEE RIVER WATERSHED 

Wetland 
Unlt Number1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1 
32 
33 
34 
35 
36 
37 
38 
39 
40 
4 1 
42 
43 
44 
45 
46 
47 
48 
49 
50 
5 1 
52 
53 
54 

Area 
In Acres2 

63 
288 
73 

124 
110 
184 
34 
61 

122 
2,109 

142 
94 
68 

340 
152 
72 

180 
79 

268 
59 
91 

419 
154 
71 

205 
30 
91 

103 
58 

338 
306 
83 
67 

259 
94 

167 
106 
80 
6 1 
55 
63 
82 
36 

188 
117 
80 

248 
99 

30 1 
58 

266 
65 

148 
58 

Wetland 
U n ~ t  Number1 

55 
56 
57 
58 
59 
60 
6 1 
62 
63 
64 
65 
66 
67 
68 
69 
70 
7 1 
72 
73 
74 
75 
76 
77 
78 
79 
80 
8 1 
82 
83 
84 
85 
86 
87 
88 
89 
90 
9 1 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 

Major Specres 
to be Managed3 

D 
D, W, M, P 
D, W, M, P 
P 
P 
D, fJ 
P 
P 
P 
W, D, M 
M, D, f' 
W, M 
D, M, P 
M, W, P 
M, W 
W, D, M, P 
D, P 
P, D 
D, P 
D 
D, P, W, M 
W, M, P 
P 
W, M, P 
P 
P 
W, M 
P 
P, M, W, 
D, P 
P, D 
P, D 
D, P, W 
D, P 
P, W, M 
P 
D, P 
p, D 
D, P 
P 
P 
P, D 
P, W, M, D 
P, W, M 
P 
M, W, P, D 
P 
P 
P, D 
D 
D, W, M 
D 
D 
D, P 

Area 
In Acres2 

304 
210 

1,937 
136 
189 

1,218 
55 
66 
48 
58 
48 
59 

758 
107 
136 
411 
3 72 
65 

153 
58 

666 
87 
44 
50 
72 
66 
61 
52 
48 

376 
217 
107 
452 
136 
53 
74 
56 

196 
117 
9 1 

103 
151 
574 
318 
9 1 

205 
34 

644 
96 

345 
880 
173 
760 
295 

Major Specres 
to be Managed3 

D, P 
D, P 
P 
P 
P, W, M 
D, W 
M, W 
D, P 
P 
P, D, W 
P, D 
P, D 
P, D 
D, P 
D, P 
D, P 
P, W, D 
W, D, M, P 
D, P 
P 
P, M, W 
P 
P, D 
p, w 
D 
Aesthetrc 
M, W 
W, M 
W, P, M 
P, D 
D, P 
P, D 
D 
P, D 
D, P 
D, P 
W, P, D, M 
P, D, M 
D, p 
p, w 
M, W, P 
D, P 
P 
P, M, W 
P 
p, w 
P, W, D 
p, w 
D, P 
P 
D 
P 
P 
W, M 

Qualrty 
Ratlng4 

1 
1 
1 
3 
3 
1 
3 
3 
3 
2 
3 
2 
1 
3 
2 
2 
3 
2 
1 
3 
1 
2 
2 
3 
3 
2 
2 
2 
2 
1 
2 
2 
1 
2 
3 
3 
3 
3 
3 
3 
2 
3 
1 
2 
2 
3 
3 
1 
3 
1 
1 
2 
1 
2 

Recommended 
Management5 

M 
M 

LWA 
M 
M 
M 
M 
M 
M 
M 
P 

P, M 
P 
M 
M 
P 

LWA 
LWA 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 

Qualrty 
Ratlng4 

3 
1 
3 
3 
2 
1 
3 
1 
3 
1 
2 
3 
3 
2 
2 
2 
2 
2 
1 
3 
3 
2 
2 
2 
2 
3 
3 
2 
3 
1 
1 
3 
2 
2 
2 
1 
2 
2 
3 
3 
3 
2 
3 
2 
3 
2 
2 
3 
2 
3 
1 
3 
2 
1 

Recommended 
Managemenp 

M 
M 
M 
M 
M 
P 
M 
M 
M 

SWA 
M 
M 
M 
M 
M 
M 
M 
M 

LWA 
M 
M 

LWA 
P 

M, P 
M 
M 
M 
LD 
M 
M 
M 
M 
M 
M 
M 
M 

LoD, P 
M 
M 
M 
M 
P 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 



Wetland 
Unit Number1 

109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 

Wetland 
Unit Number1 

169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 

Area 
in Acres2 

64 
18 

267 
153 
79 

187 
118 
66 
75 

290 
7 1 
84 
60 
44 

175 
34 1 
9 1 
44 

149 
106 
42 
64 

153 
39 
95 
5 1 
92 

102 
144 
92 

166 
76 

539 

'see ~ a p  21. 

'Areas of under 50 acres were ignored unless several desirable contiguous pieces could 
be lumped together or unless the area was of wry high quality, as a deep marsh. Con- 
tinuom w e t h d  exceeding three miles on the east-west axis or two miles on the north- 
south axis were subdivided to conform to this limit. Also. a bred wos mu& at town or 
county lines. 

3% listing in this column is thut of the species of most prominence on the wetknd. 
However, recommended nurnugemenr may mukc some areas suitable for a d d i f i o ~ l  species. 
The code is P forpheusunt, D for dm. Wfor waterfowl, md M for muskrat-mink. 

'The quulity ewlu(2tion is not done in a s m e  of priorify for preservation. since all the 
desigmted areas are desirable. Rather, the designution generally estimfes the degree to 
which the werknd conforms to Wisconsin type standclrds and is undisturbed. The rating u 
m o d f ~ d  by guidelines as follows: 

I. Sue-snurll sue is a negative factor, since the N o r  species huve certain minimal 
sptiul requirements. the area has odiuncriw features, the wetland, though s m d  
still may enhnnee the habim. For this reason, there are some exceptions to the 50 acre 
minimum sue requirement (see footnote I )  

2. Vegetation-this factor is a nurjor factor contributor to wiIdlfe production mui use 
potentid. Certain types also greafly enhance the uesthetic uppeal of an area. Tamurac 

especia~ly va~l~rble. 
swamps and other lowland timber types are rated highly. Marsh types of wgefafion are 

3. Location--41- imrnediutely adjacenf to urban expunsion were rated lower thon 
those more removed from urban encroclchmenc areas in or djucent to publie land were 
rated somewhat higher thun those outside especiully those in or neur exisring wikllife 
area. Neurness to strtnm courses or hkes often boosted the mting. 

ditions is the only requirement. Subnungi~l water supply is the factor limiting improve- 
'Many wetknds orc on excellent b u h e  md cond'ion. Preservation of the present con- 

ment possibilities in some areas. l%e nurnugement code used in this column is rrr fol- 

a state-owned wildlife area; and LWA-presently a leased wikllfe area. 
lows: M-minain; P-potholes; LD-be1 (blind) ditch; LoD-low dike; SWA-presently 

Source: Wisconsin Department of Natural Resources. 

142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 

Area 
in Acres2 

260 
42 1 
915 
668 
243 
411 
234 
115 
66 1 
95 
44 

447 
75 

703 
7 1 
15 
47 
77 

24 1 
54 

323 
106 
152 
92 
85 

110 
161 
136 
513 
151 
52 

Major Species 
to be Managed3 

P 
W 
P, W, D, M 
P 
P 
W, M, D 
P, D 
P, D 
P, D, W, M 
D, P, W, M 
P, W, M 
p, w 
D, W, M 
W, M ,  D 
D, W 
D, W, P, M 
P, D, W, M 
P, D 
P, D 
D, W, P 
D, P 
P, D 
P, D 
P 
P, D 
P, M ,  W 
P, W, M 
D 
M, W, P 
W, M 
D, P 
P 
D, P 

82 
106 
146 
300 
190 
78 

127 
155 
44 

127 
55 
47 
86 
86 
86 

315 
355 
671 
357 
294 
62 

360 
23 
90 
53 

132 
60 

Major Species 
to be Managed3 

P 
D 
D 
D 
D 
D, W, M 
D, W 
D 
P, D 
p, w 
M ,  W 
W, M ,  D, P 
P, W, M 
D, P, W 
P, D 
W, M 
W, M 
P, D, W 
D, P, W 
W, M 
D, P 
D, f' 
P, D 
P 
D, P 
D 
P, W, M 
W, M,  P 
M,  W, P, D 
P, W, M 
P 

Quality 
Rating4 

3 
3 
2 
2 
3 
1 
2 
3 
2 
1 
1 
2 
1 
2 
1 
1 
2 
3 
1 
1 
3 
3 
2 
3 
2 
3 
2 
2 
3 
3 
1 
3 
1 

D, f' 
D 
D, P 
D, I' 
D, P 
D, P 
P, D 
W, M,  P 
D 
P, W, M, D 
W, M ,  P 
W, P, M 
D, P 
P, W, M 
PI W 
P, D 
D, P 
P 
P 
P 
D 
D 
P 
P 
P 
W, M,  P 
P 

Recommended 
Management5 

M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 

Quality 
Rating4 

2 
2 
1 
2 
1 
1 
2 
2 
1 
2 
2 
1 
3 
1 
3 
2 
2 
2 
1 
1 
1 
2 
2 
2 
2 
1 
2 
1 
1 
2 
3 

Recommended 
Managements 

M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 

2 
1 
1 
1 
1 
1 
2 
2 
3 
2 
2 
2 
1 
3 
3 
1 
1 
1 
2 
2 
2 
1 
3 
3 
3 
3 
3 

M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 

LWA 
M 
M 

LWA 
M 
M 
M 
M 
M 
M 
M 



Appendix M 

LIST O F  MAMMALS IN THE MILWAUKEE RIVER WATERSHED 
(ARRANGED SYSTEMATICALLY) 

Virginia Opossum 
Cinereous Shrew 
Smoky Shrew 
Saddle-Backed Shrew 
Water Shrew 
Pygmy Shrew 
Mole Shrew (Short-Tailed) 
Little Shrew (Short-Tailed) 
Common Mole 
Star-Nosed Mole 
Little Brown Bat 
Long-Eared Bat 
Silver-Haired Bat 
Big Brown Bat 
Red Bat 
Hoary Bat 
White-Tailed Jack Rabbit 
Mearns' Cottontail 
Woodchuck 
Striped Ground Squirrel (13-lined) 
Franklin's Ground Squirrel 
Gray Chipmunk 
Ohio Chipmunk 
Gray Squirrel 
Fox Squirrel 
Red Squirrel 
Flying Squirrel 

Beaver (may occur) 
Prairie Mouse 
Northern White-Footed Mouse 
Cooper's Lemming Mouse 
Meadow Jumping Mouse 
Red-Backed Vole 
Meadow Vole (Field Mouse) 
Prairie Vole 
Pine Vole 
Common Muskrat 
Norway Rat 
Porcupine (may occur) 
Northeastern Coyote 
Red Fox 
Gray Fox 
Raccoon 
Short-Tailed Weasel 
Least Weasel 
Long-Tailed Weasel 
Mink 
Badger 
Northern Plains Skunk 
Canada Otter (may occur) 
Northern White-Tailed Deer 

Source: Wisconsin Department of Natural Resources. 
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Appendix N 

LIST O F  BIRDS IN THE MILWAUKEE RIVER WATERSHED 
(ARRANGED SYSTEMATICALLY) 

Common Loon 
Horned Grebe 
Pied-Billed Grebe 
Double-Crested Cormorant 
Great Blue Heron 
Green Heron 
Common Egret (American) 
Black-Crested Night Heron 
Least Bittern 
American Bittern 
Whistling Swan 
Canada Goose 
Snow Goose 
Blue Goose 
Mallard 
Black Duck 
Gadwall 
Pintail 
Green-Winged Teal 
Blue-Winged Teal 
American Widgeon (Baldpate) 
Shoveler 
Wood Duck 
Redhead 
Ring-Necked Duck 
Canvasback 
Greater Scaup 
Lesser Scaup 
Com. Golden-Eye (American) 
Bufflehead 
Old Squaw 
White-Winged Scoter 
Ruddy Duck 
Hooded Merganser 
Common Merganser 
Red-Breasted Merganser 
Goshawk 
Sharp-Shinned Hawk 
Cooper's Hawk 
Red-Tailed Hawk 
Red-Shouldered Hawk 
Broad-Winged Hawk 
Rough-Legged Hawk 
Bald Eagle 
Marsh Hawk 
Osprey 
Pigeon Hawk 
Sparrow Hawk 
Ruffed Grouse 
Bobwhite 
Ring-Necked Pheasant 
Hungarian Gray Partridge 
Sandhill Crane 
King Rail 
Virginia Rail 
Sora Rail 

Migrant 

M 
M 

M 

M 

M 
M 
M 
M 

M 

M 

M 
M 
M 
M 
M 
M 
M 

M 
M 
M 
M 
M 

M 
M 
M 

M 
M 

M 

Florida Gallinule 
Coot 
Semipalmated Plover 
Killdeer 
Golden Plover 
Black-Bellied Plover 
Ruddy Turnstone 
Woodcock 
Wilson's Snipe 
Upland Plover 
Spotted Sandpiper 
Solitary Sandpiper 
Greater Yellow-Legs 
Lesser Yellow-Legs 
Pectoral Sandpiper 
White-Rumped Sandpiper 
Baird's Sandpiper 
Least Sandpiper 
Red-Backed Sandpiper 
S.-Bill. Dowitcher 
L.-Bill. Dowitcher 
Stilt Sandpiper 
Semipalmated Sandpiper 
Sanderling 
Wilson's Phalarope 
Northern Phalarope 
Herring Gull 
Ring-Billed Gull 
Franklin's Gull 
Bonaparte's Gull 
Forster's Tern 
Common Tern 
Caspian Tern 
Black Tern 
Rock Dove 
Mourning Dove 
Yellow-Billed Cuckoo 
Black-Billed Cuckoo 
Barn Owl 
Screech Owl 
Great-Horned Owl 
Snowy Owl 
Barred Owl 
Long-Eared Owl 
Short-Eared Owl 
Saw-Whet Owl 
Whip-Poor-Will 
Nighthawk 
Chimney Swift 
Ruby-Throated Hummingbird 
Belted Kingfisher 
Flicker 
Pileated Woodpecker 
Red-Bellied Woodpecker 
Red-Headed Woodpecker 
Yellow-Bellied Sapsucker 

Breeder 

B 
B 

B 

B 

B 
B 

B 

B 

B 
B 
B 
B 
B 
B 

B 
B 

B 
B 

B 
B 
B 
B 
B 
B 
B 
B 
B 
B 

Migrant 

M 

M 
M 
M 

M 

M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 

M 
M 
M 
M 
M 

M 

M 

M 

Rare 

R 

R 

Breeder 

B 

B 
B 

B 
B 
B 

B 
B 

B 
B 
B 

B 
B 
B 
B 

B 

B 
B 
B 

B 

B 
B 

B 
B 

B 
B 
B 

Rare 

R 



Black-Throated Blue Warbler 
Myrtle Warbler 
Black-Throated Green Warbler 
Cerulean Warbler 
Blackburnian Warbler 
Chestnut-Sided Warbler 
Bay-Breasted Warbler 
Blackpoll Warbler 
Pine Warbler 
Palm Warbler 
Ovenbird Warbler 
Grinnell's No. Water Thrush 

Warbler 
Connecticut Warbler 
Mourning Warbler 
Yellow-Throat Warbler 
Wilson's Warbler 
Canada Warbler 
Redstart 
English House Sparrow 
Bobolink 
Eastern Meadowlark 
Western Meadowlark 
Yellow-Headed Blackbird 
Redwing 
Orchard Oriole Blackbird 
Baltimore Oriole Blackbird 
Rusty Blackbird 
Brewer's Blackbird 
Grackle 
Cowbird 
Scarlet Tanager 
Cardinal 
Red-Breasted Grosbeak 
Indigo Bunting 
Dickcissel 
Evening Grosbeak 
Purple Finch 
Pine Grosbeak 
Common Redpoll 
Pine Siskin 
Goldfinch 
Red Crossbill 
White-Winged Crossbill 
Towhee 
Savannah Sparrow 
Grasshopper Sparrow 
Henslow's Sparrow 
Vesper Sparrow 
Lark Sparrow 
Slate-Colored Junco 
Tree Sparrow 
Harris' Sparrow 
White-Crowned Sparrow 
White-Throated Sparrow 
Fox Sparrow 
Lincoln's Sparrow 
Swamp Sparrow 
Song Sparrow 
Lapland Longspur 
Snow Bunting 

Source: Wisconsin Department of 

Hairy Woodpecker 
Downy Woodpecker 
Eastern Kingbird 
Crested Flycatcher 
Phoebe 
Yellow-Bellied Flycatcher 
Acadian Flycatcher 
Traill's Flycatcher (Alder) 
Least Flycatcher 
Wood Pewee 
Olive-Sided Flycatcher 
Horned Lark 
Tree Swallow 
Bank Swallow 
Rough-Winged Swallow 
Barn Swallow 
Cliff Swallow 
Purple Martin 
Blue Jay 
Crow 
Black-Capped Chickadee 
Tufted Titmouse 
White-Breasted Nuthatch 
Red-Breasted Nuthatch 
Brown Creeper 
House Wren 
Winter Wren 
Bewick's Wren 
Long-Billed Marsh Wren 
Short-Billed Marsh Wren 
Catbird 
Brown Thrasher 
Robin 
Wood Thrush 
Hermit Thrush 
Swainson's Olive-Back Thrush 
Gray-Cheeked Thrush 
Veery (Willow) 
Bluebird 
Blue-Gray Gnatcatcher 
Golden-Crowned Kinglet 
Ruby-Crowned Kinglet 
American Water Pipit 
Bohemian Waxwing 
Cedar Waxwing 
Northern Shrike 
Migrant Loggerhead Shrike 
Starling 
Yellow-Throated Vireo 
Blue-Headed Solitary Vireo 
Red-Eyed Vireo 
Philadelphia Vireo 
Warbling Vireo 
Black & White Warbler 
Prothonotary Warbler 
Golden-Winged Warbler 
Blue-Winged Warbler 
Tennessee Warbler 
Nashville Warbler 
Parula Warbler 
Yellow Warbler 
Magnolia Warbler 
Cape May Warbler 

Migrant 

M 

M 

M 
M 

M 
M 
M 

M 
M 
M 
M 

M 

M 

M 

M 

M 

M 

M 
M 

Breeder 

B 
B 
B 
B 
B 

B 
B 
B 
B 

B 
B 
B 
B 
B 

B 
B 
B 
B 
B 
B 

B 
B 

B 
B 
B 
B 
B 
B 

B 
B 

B 

B 
B 

B 

B 
B 

B 
B 

B 

B 

Migrant 

M 
M 
M 

M 

M 
M 
M 
M 

M 

M 
M 

M 
M 

M 
M 
M 
M 
M 

M 
M 

M 
M 
M 
M 
M 
M 
M 

M 
M 

Natural 

Rare 

R 

R 

R 

R 

Breeder 

B 

B 

B 

B 

B 
B 

B,  
B 
B 
B 
B 
B 
B 
B 
B 

B 
B 
B 
B 
B 
B 
B 

B 

B 
B 
B 
B 
B 
B 

B 
B 

Resources. 

Rare 
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