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SOUTHEASTERN WISCONSIN
WAUKESHA, WISCONSIN 53187 •

PLANNINREGIONAL
•PO BOX 769•916 NO. EAST AVENUE

June 6,1983

STATEMENT OF THE CHAIRMAN

This report documents the findings and recommendations of a three-year study of the serious and costly
flooding, water pollution, and related land use problems of the Pike River watershed. The study was under
taken by the Regional Planning Commission in response to formal requests received from the Kenosha
and Racine County Boards. The conduct of the study was guided by the Pike River Watershed Com
mittee, a Committee of 23 elected and appointed public officials and concerned citizens from throughout
the watershed created by the Commission for this purpose. The study was intended to produce a com
prehensive plan, a plan designed to assist the local, state, and federal units and agencies of government
concerned in managing in a cost effective and environmentally sound manner the water resources of this
urbanizing watershed.

This report presents a summary of the factual findings of the planning and engineering inventories con
ducted under the watershed study; identifies, and to the extent possible, quantifies the water resource
related problems of the watershed; presents pertinent forecasts of anticipated growth and change within
the watershed; sets forth recommended watershed development objectives, principles, and standards; pre
sents a comparative evaluation of alternative flood control, water quality management, and related land
use plan elements; and presents a recommended comprehensive plan for the development of the watershed.
This report also specifically identifies the actions which must be taken by each of the units and agencies
of government concerned to carry out the recommended plan over time. Full implementation of the recom
mended plan set forth herein will result in resolution of the costly and disruptive flooding and water pollu
tion problems of the Pike River watershed and will avoid the creation of new problems of this sort within
the watershed.

As is true of all of the Commission's plans, the Pike River watershed plan is entirely advisory to the local,
state, and federal units of government concerned. The watershed plan is intended to provide a point of
departure against which development proposals within the watershed can be evaluated by concerned
officials and interested citizens as such proposals arise. Upon formal adoption of the watershed plan by
the Commission, an official copy thereof will be transmitted to all affected units and agencies of govern
ment, along with a request for consideration and formal adoption of the plan and subsequent appropriate
implementing action. Full implementation of the watershed plan will require the cooperative action of all
of the units and agencies of government operating within the watershed.

In its continuing role of acting as a center for cooperative, areawide planning within southeastern Wisconsin,
the Commission stands ready to provide such assistance as may be requested of it to the various units and
agencies of government concerned in implementation of the Pike River watershed plan.

Respectfully submitted,

~/:J~
Alfred G. Raetz
Chairman
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Chapter I

INTRODUCTION

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

NEED FOR REGIONAL PLANNING

In recent years, regional planning has become
increasingly accepted as a necessary governmental
function in most of the large urban areas of the
United States. This tendency reflects growing
awareness that certain pressing problems of phy
sical and economic development and of environ
mental deterioration transcend the geographic
limits, as well as the fiscal capabilities, of local
units of government and require the cooperation
of all units and agencies of government concerned
for sound resolution.

The term region, as it is used in this context,
applies to an area larger than a county but smaller
than a state, united by economic interests and
geography and by common problems brought
about by rapid urbanization and changing regional
settlement patterns. A regional basis is unquestion
ably necessary to provide a meaningful technical
approach to the sound development of such area
wide systems of public works as highway and
transit, sewerage and water supply, and park and
related open space facilities. A regional basis also
is necessary to a sound approach to the resolution
of such areawide problems as flooding, air and
water pollution, deterioration or destruction of
the natural resource base, and rapidly changing
land use.

State, community, and private interests all are
vitally affected by such areawide problems and by
proposed solutions to these problems. It appears
neither desirable nor possible for anyone level
or agency of government to impose the decisions

required to solve these areawide problems. Such
decisions can better come from a consensus of
the various levels and agencies of government and
private interests concerned, based on a common
interest in the welfare of the entire Region.
Regional planning is imperative for promoting
such a consensus and the necessary cooperation
between urban and rural, local and state, and
private and public interests.

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 economic develop
ment of southeastern Wisconsin. The role of the
Commission is entirely advisory, and participation
by local units of government in the work of the
Commission is on a voluntary, cooperative basis.
The Commission itself is composed of 21 citizen
members, three from each county within the
Region, who serve without pay.

The powers, duties, .and functions of the Commis
sion and the qualifications of the Commissioners
are carefully set forth in state enabling legislation.
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 apportioned
among the seven counties on the basis of relative
equalized valuation. The Commission is authorized
to request and accept aid in any form from all
levels and agencies of government for the purpose
of accomplishing its objectives and is authorized
to deal directly with the state and federal govern
ments for this purpose. The organizational struc
ture of the Commission and its relationship to the
constituent units and agencies of government
comprising or operating within the Region are
shown in Figure 1.
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THE REGIONAL PLANNING CONCEPT
IN SOUTHEASTERN WISCONSIN

Regional planning as conceived by the Commission
is not a substitute for but a supplement to local,
state, and federal planning efforts. Its objective
is to aid the various levels and units of government
in finding solutions to areawide developmental and
environmental problems which cannot be properly
resolved within the framework of a single munici
pality or a single county. As such, regional planning
has three principal functions:

1. Inventory-the collection, analysis, and dis
semination of basic planning and engi
neering data on a uniform, areawide basis
so that, using such data, the various levels
and agencies of government and private
investors operating within the Region can
better make decisions concerning com
munity developments.

2. Plan Design-the preparation of a framework
of long-range plans for the physical devel
opment of the Region, these plans being
limited to those functional elements having
areawide significance. To this end, the Com
mission 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 legis
lation, extend to all phases of regional devel
opment, implicitly emphasizing, however,
the preparation of alternative spatial designs
for the use of land and for the supporting
transportation and utility facilities.

3. Plan Implementation-the provision of a
center for the coordination of the many
planning and plan implementation activities
carried on by the various levels and agencies
of government operating within the Region.
To this end, all of the Commission work
programs are intended to be carried out
within the context of a continuing planning
program which provides for the periodic
reevaluation of the plans produced, as well
as for the extension of planning information
and advice necessary to convert the plans
into action programs at the local, regional,
state, and federal levels.

THE REGION

The Southeastern Wisconsin Planning Region, as
shown on Map 1, is composed 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 38 percent of the state
population, however, resides within these seven
counties, which contain three of the eight and
one-half standard metropolitan statistical areas
in the State. The Region contains approximately
38 percent 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, with about 39 percent of the state
labor force employed within the Region. The
seven-county Region contains 154 local units of
government, exclusive of school and other special
purpose districts, and encompasses all or parts of
11 natural watersheds. The Region has been sub
ject to rapid population growth and urbanization
and, in the period 1960 to 1975, accounted for
about 34 percent of the total population increase
of the entire State.

Geographically the Region is located in a relatively
good position with regard to continued growth
and development. It is bounded on the east by
Lake Michigan, which provides an ample supply
of fresh water for both domestic and industrial
use as well as being a recreational attraction and
an integral part of the major international trans
portation network. It is bounded on the south by
the rapidly expanding northeastern Illinois metro
politan region and on the west and north by the
fertile agricultural lands and desirable recreational
areas of the rest of the State of Wisconsin. Many
of the most important industrial areas and heaviest
population concentrations in the Midwest lie
within a 250-mile radius of the Region, and over
33 million people reside within this radius.

COMMISSION WORK PROGRAMS

The Pike River watershed planning program was
conducted within the context of, and has been
fully coordinated with, the Commission's ongoing
comprehensive planning program for southeastern
Wisconsin. It is appropriate to review briefly

3
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selected aspects of the Commission's past and
current work programs inasmuch as some of
the data obtained and some analytic techniques
developed under those programs were used in the
Pike River watershed planning program. Further
more, water control facility recommendations
contained within the Pike River watershed plan
are based in part on, and are coordinated with,
land use and other recommendations from other
Commission planning 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 engineering data for regional
planning and were documented 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 Pike
River watershed planning program.

Also as part of its initial work program, the Com
mission adopted a policy of community planning
assistance in which functional guidance and advice
on planning problems are extended to local units
of government and through which regional plan
ning studies are interpreted locally and regional
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 infor
mation helpful in the preparation of sound local
planning and plan implementation codes and
ordinances. These guides will aid in implementing
both regional and local plans and will further assist
local public officials in carrying out their day-to
day planning functions. The subject of these guides
are land development, official mapping, zoning,
organization of local planning agencies, floodland
and shoreland development, and use of soil survey
data in planning and development. All include
model ordinances, and all provide a framework
for plan implementation through local land use
control measures.

Other Regional and Subregional Work Programs
Additional regional planning programs undertaken
by the Commission since its initial work effort, all
directed toward the preparation of major ele
ments of a comprehensive plan for the physical
development of the Region, include among others:
a regional land use and transportation planning
program, completed in 1966, with the resulting
plans being revised in 1978; a library system plan
ning program, completed in 1974; a regional
sanitary sewerage system planning program,
completed in 1974; a regional housing planning
program, completed in 1975; a regional airport
system planning program, completed in 1976;
a regional park, outdoor recreation, and related
open space study, completed in 1977; a trans
portation planning program for the elderly and
handicapped, completed in 1978; and a regional
air quality maintenance planning program, sched
uled for completion in 1980. In addition, water
shed planning programs were completed for the
Root, Fox, Milwaukee, Menomonee, and Kin
nickinnic River watersheds; jurisdictional highway
system planning programs for all seven constituent
counties were completed; and transit develop
ment planning programs were completed for the
Kenosha and Racine urbanized areas. The Com
mission also has completed more detailed urban
development plans for certain subareas of the
Region, including the Kenosha and Racine Plan
ning Districts.

Areawide Water Quality
Management Planning Program
In July 1979 the Commission completed an area
wide water quality management planning program
that has particularly important implications for
the Pike River watershed study. The areawide
water quality management planning program
updated and refined previous water quality and
water quality-related plan elements such as the
regional sanitary sewerage system plan and earlier
comprehensive watershed plans. At the same time
this planning program extended those previous
water quality and related plan elements to the
portions of the Region not then covered with
watershed plans and updated all the plan recom
mendations to the new plan design year 2000.
The areawide water quality management plan
consists of the following five major elements:
1) an element addressing land use; 2) an element
addressing elimination of pollution from point
sources; 3) an element addressing elimination of
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pollution from nonpoint sources; 4) an element
addressing the handling, recycling, and disposal of
sewage sludge; and 5) an element addressing water
quality monitoring. The plan includes the desig
nation of wastewater treatment and water quality
management agencies. The findings and recom
mendations of the areawide water quality man
agement plan are set forth in SEWRPC Planning
Report No. 29, A Regional Wastewater Sludge
Management Plan for Southeastern Wisconsin, and
SEWRPC Planning Report No. 30, A Regional
Water Quality Management Plan for Southeastern
Wisconsin. This plan was adopted by the Com
mission on July 12, 1979, and by the Wisconsin
Department of Natural Resources on July 25,
1979. The Governor approved and certified the
plan to the U. S. Environmental Protection Agency
on December 3, 1979. Progress toward imple
mentation of the plan is documented in the Com
mission's annual reports.

THE PIKE RIVER WATERSHED STUDY

The Pike River watershed study is the sixth com
prehensive watershed planning program to be
undertaken by the Commission. The watershed
encompasses approximately 52 square miles; or
1.9 percent of the seven-county planning area,
and about 1.6 percent of the population of the
Southeastern Wisconsin Region reside within the
watershed. The problems of this watershed typify
those found in areas experiencing changing land
use patterns and water resource-related problems,
and have a direct affect on the property and
general welfare of the residents of the watershed.

Initiation of the Pike River Watershed Study
On May 17, 1978, the Southeastern Wisconsin
Regional Planning Commission, at the request of
the Village of Sturtevant, held an intergovern
mental meeting to discuss the serious flooding and
drainage problems which exist along Pike Creek
and the Pike River in Racine and Kenosha Coun
ties. The meeting was attended by representatives
of eight local municipalities, as well as by con
cerned citizens. After extended discussion of the
flooding and drainage problems of the watershed
and of past unsuccessful efforts to resolve those
problems, extending as far back as January 1970,
it was the consensus of the representatives of the
municipalities present that sound resolution of the
problems of the watershed would require a com
prehensive study of the entire watershed, a study
which would define the precise nature of existing
and probable future drainage and flood control
problems of the watershed.
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The municipalities represented at the meeting
accordingly requested the Regional Planning Com
mission to direct a letter to the Chairman of each
of the two County Boards describing the logical
steps to be taken if those Boards wished to sponsor
the comprehensive study. That letter was sent
on May 19, 1978. On November 6, 1978, and
December 14, 1978, respectively, the County
Boards of the Counties of Kenosha and Racine
formally requested and appropriated funds for the
Commission to undertake a comprehensive study
of the Pike River watershed, a study looking to the
ultimate resolution of the serious and costly flood
ing and related problems existing in that watershed.

On December 4,1978, the Commission formed the
Pike River Watershed Committee, comprised of
24 local, state, and federal officials and concerned
citizen leaders from throughout the watershed,
to assist the Commission in its study of the prob
lems of the Pike River watershed. The Pike River
Watershed Committee commenced immediately
to prepare a prospectus for the comprehensive
watershed planning program.1 The membership of
the Pike River Watershed Committee is listed in
Appendix A.

The Committee identified and described in the
prospectus the four serious resource-related prob
lems within the watershed that require areawide
study and resolution: 1) flooding, storm water
drainage, and attendant damages; 2) water pollu
tion; 3) changing land use, as related to flooding
and storm water drainage and to water pollution;
and 4) deterioration and destruction of the natural
resource base, particularly the loss of important
natural areas and wildlife habitat. The Com
mittee completed the prospectus on March 8,
1979, and urged that the Southeastern Wisconsin
Regional Planning Commission approve the
prospectus and seek the funding necessary to
perform the required study.

The prospectus prepared by the Committee was
endorsed by the Commission on April 23, 1979,
was published, and, in accordance with the advi
sory role of the Commission, was transmitted on
August 23, 1979, to the governmental agencies
concerned for their consideration and action. The
Kenosha and Racine County Boards formally

1 See Pike River Watershed Planning Program
Prospectus, SEWRPC, April 1979.
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endorsed the prospectus on October 2, 1979, and
September 11, 1979, respectively, and, as already
noted, agreed to provide the funds necessary for
execution ,of the recommended planning program
following normal county budgetary procedures. 2

A formal agreement governing the conduct of the
study was entered into between the Kenosha and
Racine County Boards and the Commission on
January 14, 1980, and work on the study was
initiated. The total study cost of $116,600 was,
as recommended in the prospectus and agreed
upon in the -aforementioned agreement, appor
tioned between the two counties concerned on
the basis of the estimated proportion of the
equalized assessed valuation of the watershed
contained within each county. On this basis, the
Kenosha County Board agreed to pay 44 percent
of the study costs, and the Racine County Board
56 percent.

The prospectus 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 recommended in the pros
pectus, began in January 1980.

Study Objectives
The primary objective of the Pike River watershed
planning program, as set forth in the prospectus,
is to help abate the serious water resource and
water resource-related problems of the Pike River
basin by developing a workable plan to guide
the staged development of multi-purpose water

2 In addition to endorsing the prospectus for the
Pike River watershed study, the Kenosha County
Board on April 3, 1979, authorized and provided
funding in the amount of $54,000 for the prepara
tion of 1" = 200' scale, two-foot contour interval
topographic maps based upon a monumented
survey control network, as recommended by the
Regional Planning Commission, of all that part of
the Pike River watershed lying in Kenosha County.
The completion of that mapping by January 1,
1980, together with the availability of similar maps
from Racine Cqunty for the Racine County por
tion of, the watershed, permitted the watershed
study to proceed immediately in January 1980 in
the most efficient and effective manner possible.

resource facilities and related resource conservation
and management programs for the watershed. To
be effective, this plan must be amenable to coop
erative adoption and joint implementation by all
levels and agencies of government concerned. It
must be capable of functioning as a practical guide
for decision-making on both land and water
resource development within the watershed, so
that, through such development, the major water
resource and water resource-related problems
within the watershed may be abated and the full
development potential of the watershed realized.
More specifically, the objectives of the planning
program are to:

1. Prepare a plan for the management of flood
lands along the major waterways of the Pike
River watershed, including measures for the
mitigation of existing flood and storm water
drainage problems and elements for the
minimization of future flood problems.

2. Prepare a plan for surface water quality
management for the Pike River watershed,
incorporating measures to abate existing
pollution problems and elements intended
to prevent future pollution problems. Local
refinement and detailing of sanitary sewer
service areas, as well as other local actions
to implement the adopted regional water
quality management plan, will be incor
porated and properly reflected in the water
shed planning process.

3. Prepare a plan for public open space preser
vation, including measures for the preserva
tion and enhancement of the remaining
woodlands, wetlands, and fish and wildlife
habitat of the watershed.

4. Refine and adjust the regional land use plan
to reflect the conveyance, storage, and waste
assimilation capabilities of the waterways
and floodlands of the watershed; to include
feasible water control facilities; and gener
ally to promote the rational adjustment of
land uses in this still largely rural, but
rapidly urbanizing, basin to the surface
water resources.

Special Consideration for the
Lake Michigan Estuary
The entire Pike River watershed, from its head
water areas to its confluence with Lake Michigan,
was included in the comprehensive watershed
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planning program for purposes of the flood control
and floodland management and related land use
plan elements of the study. Primary attention with
respect to the water pollution element of the study
was focused on that part of the watershed lying
upstream of the lagoon on the Carthage College
Campus in the City of Kenosha. That l.4-mile
reach of the Pike River lying below the lagoon
forms an estuary of Lake Michigan, as shown on
Map 2. Because of the complex nature of the
effect of this estuary on water quality, it is the
Commission's position that it be studied separately
from the free-flowing portions of the Pike River
stream system. The north end of the Carthage
College lagoon was selected as the upstream
terminus of the Lake Michigan estuary because
1) channel width and depth increase dramatically
at this location; 2) reverse currents have been
observed up to this point; and 3) Lake Michigan
backwater effects are minimal upstream of the
lagoon. The watershed study, accordingly, will
incorporate only those aspects of the estuary that
have a direct bearing on the watershed above the
estuary. An example of the study content is the
determination of the effect of Lake Michigan levels
on Pike River flood stages above the Carthage
College lagoon.

Staff, Cooperating Agency,
Consultant, and Committee Structure
The basic organizational structure for the study
is outlined in Figure 2, and consists of the coop
erating state and federal agencies, consultants,
and Commission staff, along with the designated
responsibilities of these agencies, consultants, and
staff in the conduct of major elemen ts of the
planning study.

A comprehensive watershed planning program
necessarily covers a broad spectrum of related
governmental and private development programs,
and thus no agency, whatever its function or
authority, can operate independently in the con
duct of a watershed study. The basic Commission
organization provides for the attainment of the
necessary interagency coordination through the
establishment of advisory committees, as well as
through interagency staff assignment.

One such advisory committee created by the
Commission for watershed planning is the Pike
River Watershed Committee, which, as already
mentioned, was established in December 1978. The
purpose of this Committee is to actively involve
governmental bodies, technical agencies, and pri-
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Map 2

THE LAKE MICHIGAN ESTUARY
SUBWATERSHEO FORMED BY THE

CONFLUENCE WITH THE PIKE RIVER

t
The Pike River joins the Lake Michigan estuary within the City of
Kenosha before discharging to Lake Michigan. The northerly ter
minus of the estuary is located 1.4 miles up the Pike River at the
Carthage College lagoon in the City of Kenosha. It is the Commis
sion position that. because of the complexity of the estuary, a water
quality study of the estuary should be made separately from a study
of the free-flowing portion of the Pike River not affected by back

water from Lake Michigan.

Source: SEWRPC.

vate interest groups within the watershed in the
planning study. The Committee is intended to
assist the Commission in determining and coor
dinating public policies involved in the conduct
of the study and in the resultant plans and plan
implementation programs. Active involvement of



Figure 2

ORGANIZATIONAL STRUCTURE FOR THE PIKE RIVER WATERSHED STUDY
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state and federal, as well as of local, public officials
in the watershed planning program through this
Committee is particularly important to any ulti
mate implementation of the watershed plans
in view of the advisory role of the Commission
in shaping regional and subregional development.
The Watershed Committee also performs an impor
tant educational function in familiarizing local
leadership within the watershed with the study
and its findings, in generating an understanding
of basic watershed development objectives and
implementation procedures, and in encouraging
plan implementation.

The watershed planning work program has been
conducted by the resident Commission staff,
supplemented as needed by contractual services
provided by two consulting engineering firms.
The Commission staff managed and directed
all phases of the engineering and planning work.
More specifically, the Commission staff was
responsible for preparation of the detailed study
design; formulation of watershed development
objectives, principles, and standards; conduct
of certain inventories; conduct of all analyses
of the inventory data to identify the problems
and development potential of the watershed;
synthesis and evaluation of alternative plan ele
ments; and report preparation.

The efforts of the Commission professional and
supporting staff were supplemented with the
services of specialists in the areas of surveying and
hydrologic-hydraulic-simulation modeling. A con
tractual agreement was executed with the firm of
Alster-Ayres & Associates, Inc., of Madison, Wis
consin, for the provision of physical data and
related vertical control survey information on
selected hydraulic structures in the watershed.
Similarly, a contractual agreement was made with
Hydrocomp, Inc., of Chicago, Illinois, for the
provision of the computer programs used in
simulating the hydrologic, hydraulic, and water
quality characteristics of the watershed surface
water system.

10

Scheme of Presentation
The major findings and recommendations of the
Pike River watershed planning program are docu
mented and presented in this report. The report
first sets forth the basic concepts underlying the
study and the factual findings of the extensive
inventories conducted under the study. It identifies
and, to the extent possible, quantifies the develop
mental and environmental problems of the water
shed, and sets forth forecasts of future economic
activity, population growth, and land use and
concomitant environmental problems. The report
presents alternative plan elements for floodland
management, pollution abatement, and land use,
and sets forth a recommended plan for the devel
opment of the watershed based upon regional and
watershed development objectives adopted by the
Watershed Committee and the Commission. In
addition, it contains financial and institutional
analyses and specific recommendations for plan
implementation. This report is intended to allow
careful, critical review of the alternative plan ele
ments by public officials, agency staff personnel,
and citizen leaders within the watershed, and to
provide the basis for plan adoption and implemen
tation by the federal, state, and local agencies of
government concerned.

This report can only summarize briefly the large
volume of information assembled in the extensive
data collection, analysis, and forecasting phases of
the Pike River watershed study. Although the
reproduction of all of this information in report
form is impractical due to the magnitude and
complexity of the data collected and analyzed,
all of the basic data are on file in the Commission
offices and are available to member units and
agencies of government and to the general public
upon specific request. This report, therefore, serves
the additional 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 devel
opment within the Region.



Chapter II

BASIC PRINCIPLES AND CONCEPTS

INTRODUCTION

Watershed planning is not new. Plans have been
developed in the past for many watersheds, 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
or hydroelectric power generation, or to fulfill
a single-purpose requirement for which specific
benefits are assignable to existing properties, such
as flood control or soil and water conservation.
Generally speaking, watershed planning efforts
have traditionally employed a narrow range of
means to achieve essentially a narrow range of
goals, with emphasis on those goals for which
attainment could be directly measured in mone
tary terms.

The application of comprehensive planning prin
ciples and practices to water and water-related
resource problems as described in this report, how
ever, is a relatively new concept. Consequently,
at the time the Commission undertook its first
comprehensive watershed planning program, that
for the Root River watershed, little practical
experience had been accumulated in such compre
hensive watershed planning, and the now widely
accepted principles governing such planning had
not been established. Moreover, the need to carry
out comprehensive watershed planning as an
integral part of a broader regional planning effort
required the adaption and modification of the
limited body of watershed planning experience
which did exist to the specific needs of the Root
River watershed planning program.

These factors necessitated, as part of the Root
River watershed study, the development of
a unique approach to watershed planning, an
approach which proved to be sound and which was,
therefore, adopted for use in subsequent studies
of the Fox, Milwaukee, Menomonee, Kinnickinnic,
and Pike River watersheds. This approach can only
be explained in terms of the conceptual rela
tionships existing between watershed planning
and regional planning and the basic principles
applicable to watershed planning set within the
framework of regional planning. Once this founda-

tion of conceptual relationships and applicable
principles has been established, the approach taken
to identify the specific problems of the Pike River
watershed and to recommend solutions to these
problems, as presented herein, can then be prop
erly understood.

THE WATERSHED AS A PLANNING UNIT

Planning for water and water-related natural
resources could conceivably be carried out by
geographic units, including areas defined by
governmental jurisdictions, economic linkages,
or watershed boundaries. None of these is per
fect as a water and water-related resources
planning unit. There are many advantages, how
ever, to selecting the watershed as a water and

. water-related resources planning unit because
many problems of both rural and urban devel
opment and of natural resource conservation
are water-oriented.

Floodland management measures and flood control
and storm water drainage facilities should form
a single integrated system in an entire watershed.
Streams and watercourses, as hydraulic systems,
must be capable of carrying both present and
future runoff loads generated by changing land use
and changing water control facility patterns within
the watershed. Therefore, flood control and storm
drainage problems and facilities can best be con
sidered on a watershed basis. Drainage and flood
control problems are closely related to other land
and water use problems. Consequently, floodland
protection, park and related open space reservation,
and other recreational needs associated with sur
face water resources also can best be studied on
a watershed basis.

Water supply and sewerage frequently involve
problems that cross watershed boundaries, but
strong watershed implications are involved if the
source of water supply comes from the surface
water resources of the watershed, or if the sew
erage systems discharge pollutants into the surface
water system. Groundwater divides do not neces
sarily coincide with surface water divides, and
therefore planning for groundwater use and protec
tion must incorporate both intrawatershed and
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interwatershed considerations. Changes in land use
and transportation requirements ordinarily are not
controlled primarily by watershed factors, but they
can, nevertheless, have major effects on watershed
problems. Land use and transportation patterns
may significantly affect the amount and spatial
distribution of the hydraulic and pollution loadings
to be accommodated by water control facilities.
In turn, the water control facilities and their effect
upon the historic floodlands determine to a consid
erable extent the use to which such land areas
may be put.

Finally, the related physical problems of a water
shed tend to create a strong community of interest
among the residents of the watershed, and citizen
action groups can readily be formed to assist in
solving water-related problems. The existence of
a community of interest around which to organize
enlightened citizen participation in the planning
process is one of the most important factors con
tributing to the success of such a process.

It may be concluded, therefore, that the watershed
is a logical unit for water resources planning, pro
vided that the relationships existing between the
watershed and the surrounding region are recog
nized. Accordingly, the regional planning program
in southeastern Wisconsin embodies a recognition
of the need to consider watersheds within the
Region as rational planning units if workable solu
tions are to be found to intensifying interrelated
land and water use problems.

The foregoing discussion implies that the term
watershed may have two meanings. Defined in
a strictly physical sense, a watershed is simply
a geographic area of overland drainage contributing
surface runoff to the flow of a particular stream
or watercourse at a given point. Under this defini
tion, the terms watershed and drainage basin are
synonymous. However, the meaning of the term
watershed may be expanded 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 Pike
River, must exhibit if it is to form a rational unit
for comprehensive water resources planning. It is
thus recognized that a watershed is far more than
a system of interconnected waterways and flood
lands which, in fact, comprise only a small propor-
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tion of the total watershed area. Land treatment
measures, soil and water management practices,
and land use over the entire watershed, as well as
all related water resource problems, are of major
importance in the proper development of water
shed resources.

RELATIONSHIP OF WATERSHED TO REGION

Although recognizing the importance of the water
shed as a rational planning unit within the Region,
the regional planning program in southeastern
Wisconsin also recognizes the need to conduct
individual watershed planning programs within the
broader framework of areawide, comprehensive
regional planning. This is essential for two reasons.
First, areawide urbanization and the developmental
and environmental problems resulting from such
urbanization indiscriminately cross watershed
boundaries and exert an overwhelming external
influence on the physical development of the
affected watershed. Second, the meandering pat
tern of natural watershed boundaries rarely, if ever,
coincides with the artificial, generally rectangular
boundaries of minor civil divisions and special
purpose districts.

Important elements of the necessary compre
hensive, areawide planning program have been
provided by the regional land use-transportation
study and by other areawide planning programs
of the Commission, such as the regional sanitary
sewerage system planning program and the area
wide water quality management planning pro
gram. Conversely, within the context of the
regional planning program, the comprehensive
watershed planning programs provide one of the
key elements of a comprehensive regional develop
ment plan-namely, a long-range plan for water
related community facilities. While the proposed
watershed plans may be centered on water quality
and flood control facilities and on floodland man
agement measures, it must be recognized that these
facility plans and management measures must
reflect consideration of the related problems of
land and water use and of park and related open
space reservation needs. Recognition of the need to
relate water control facility plans and management
measures to areawide regional development plans
is the primary factor underlying the unique nature
of the Commission watershed planning efforts.
Ultimate completion of planning studies covering
all of the watersheds within the Region will pro
vide the Commission with a framework of plans
encompassing drainage, flood control, and water



pollution control facilities as well as floodland
management measures properly related to compre
hensive, areawide development plans.

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 protecting and maintaining
the quality of the environment in urban and
urbanizing areas. In the past, environmental pro
tection, or what was then more commonly called
"conservation," was largely concerned with pro
tecting large natural tracts in rural areas and with
the possible future shortages of mineral or other
resources resulting from chronic mismanagement.
The major problem which environmental protec
tion now faces is occasioned by the ever-increasing
areawide diffusion of urban development over large
areas of the earth's surface, together with the
relentless pursuit of an ever higher material stan
dard of living.

Enlightened public officials and citizen leaders
are gradually becoming aware of this new and
pressing need for the protection and, in some cases,
the enhancement of the physical environment in
urbanizing areas. The need to adjust the physical
fabric of urban development to the ability of the
underlying natural resource base to sustain such
development is critical in urbanizing areas such
as the Pike River watershed. In such urbanizing
areas, as opposed to more sparsely settled rural
watersheds, the overall quality of the environment
becomes highly dependent on present and future
land use activities and supporting public facilities,
and the viable options remaining for environmental
protection and enhancement are limited.

The growing awareness of the need for environ
mental protection in urban areas is often heightened
by a major disaster or the imminent threat of such
a disaster. In many cases, such as in the Pike River
watershed, the initial concern with environmental
protection is centered on such highly visible prob
lems as flooding and water pollution. Even then,
however, the magnitude and degree of the inter
relationship of environmental problems may not
always be fully realized.

The ultimate resolution of these problems will
require many important public policy determina-

tions. These determinations must be made in
recognition of an urbanizing 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 effects of different land
and water use and water control facility construc
tion 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 two-fold: 1) to permit public evaluation and
choice of alternative development and environ
mental protection and enhancement 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 development and environmental pro
tection programs within the Region and within the
watersheds of the Region. Important among the
goals to be achieved by this process are the protec
tion of floodlands; the protection of water quality
and supply; the preservation of land for park and
open space; and, in general, the promotion of the
wise and judicious use of the limited land and
water resources of the watershed and of the
Region of which the watershed is an integral part.

BASIC PRINCIPLES

Based upon the foregoing considerations, eight
basic principles were developed under the Root
River watershed study. Together, these form the
basis for the specific watershed planning process
applied by the Commission in that study. These
same principles were used in the Fox, Milwaukee,
Menomonee, and Kinnickinnic River watershed
studies, and provide the foundation for the plan
ning process applied in the Pike River water
shed study:

1. Watersheds must be considered as rational
planning units if workable solutions are to
be found to water and 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.
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3. Watershed planning must be conducted
within the framework of a broader areawide
regional planning effort, and watershed
development objectives must be compatible
with, and dependent upon, regional develop
ment objectives and plans based on those
objectives.

4. Water control facility planning must be con
ducted concurrently with, and inseparably
from, land use planning.

5. Both land use and water control facility
planning must recognize the existence of
a limited natural resource base to which
urban and rural development must be prop
erly 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 future
hydraulic loads, and the hydraulic perfor
mance and hydrologic feasibility of the
proposed facilities must be determined
and evaluated.

7. Primary emphasis should be placed on
in-watershed solutions to water resource
problems. 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 problems
and development of resources should offer
as flexible as possible an approach to avoid
"dead-end" solutions and should provide
latitude for continued adaptation to chang
ing 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
described, both graphically and numerically; the
hydrologic, hydraulic, and water quality charac
teristics of the basin simulated; and the effect of
the different courses of action on land use and
water control facility development evaluated. The
watershed planning process not only provides for
the integration of all the complex planning and
engineering studies required to prepare a com-
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prehensive watershed plan, but also provides
a means whereby the various private and public
interests concerned may actively participate in
the plan preparation. The process thus provides
a mechanism for resolving actual and potential
conflicts between such interests; a forum in which
the various interests may better understand the
interrelated problems of the watershed and the
alternative solutions available for such prob
lems; and finally, a means whereby all watershed
interests may become committed to implemen
tation of the best alternative for the resolution of
the problems.

The seven steps involved in this planning process
are: 1) study design, 2) formulation of objec
tives and standards, 3) inventory, 4) analysis and
forecast, 5) plan synthesis, 6) plan testing and
evaluation, and 7) plan selection and adoption.
Plan implementation, although necessarily beyond
the foregoing planning process, must be consid
ered throughout the process if the plans are to
be realized.

The principal results of the above process are land
use and water control facility plans scaled to future
land use and resource demands and consistent with
regional development objectives. In addition, the
process represents the beginning of a continuing
planning effort that permits modification and
adaption of the plans and the means of implemen
tation to changing conditions. Each step in this
planning process includes many individual opera
tions which must be carefully designed, scheduled,
and controlled to fit into the overall process. An
understanding of this planning process is essen
tial to an appreciation and understanding of the
results. Each step in the process, together with its
major component operations, is diagrammed in
Figure 3 and described briefly below.

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



Source: SEWRPC.

Figure 3

GENERAL STEPS IN A COMPREHENSIVE WATERSHED PLANNING PROGRAM
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The need for, and objectives of, the Pike River
watershed study were set forth in the Pike River
Watershed Planning Program Prospectus prepared
by the Pike River Watershed Committee. The
prospectus also identified major work elements to
be included in the comprehensive watershed study
and set forth in the study design framework. In
addition, a public hearing was held by the Water
shed Committee on February 7, 1980, to elicit
public opinions concerning the need for, objectives
of, and scope and content of the proposed water
shed study. The testimony presented at this
hearing, which was attended by about 30 interested
persons, is set forth in the published minutes of
the hearing. 1 The prospectus, supplemented by
the testimony presented at the initial public hear
ing, was used by the Commission staff to prepare
a detailed study design which was used for project
management purposes throughout the duration
of the study.

The staff of the Southeastern Wisconsin Regional
Planning Commission expanded and refined this
study design during the course of the study as
a result of continuous staff level communication
with those governmental agencies and private
consultants contributing certain specialized services
to the Pike River watershed planning program, and
with the Watershed Committee.

Formulation of Objectives and Standards
In its most basic sense, planning is a rational
process for establishing and meeting objectives.
The formulation of objectives is, therefore, an
essential task to be undertaken before plans can
be prepared. In order to be useful in the regional
and watershed planning process, the objectives
to be defined must not only be clearly stated
and logically sound, but must also be related in
a demonstrable way to alternative physical devel
opment proposals. This is essential because it is
the duty and function of the Commission to
prepare a comprehensive plan for the physical
development of the Region and its component
parts and, more particularly, because it is the
objective of the Pike River watershed planning
study to prepare one of the key elements of such
a physical development plan: a long-range plan for

1 SEWRPC, Minutes of Informational Meeting and
Initial Public Hearing-A Comprehensive Plan for
the Pike River Watershed.
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water-related community facilities. Only if the
objectives are clearly relatable to physical develop
ment and subject to objective testing can a choice
be made from among alternatives of a plan which
best meets the agreed-upon objectives. Finally,
logically conceived and well expressed objectives
must be translated into detailed design standards to
provide the basis for plan preparation, testing, and
evaluation. Because the formulation of objectives
and standards involves both technical and nontech
nical policy determinations, all objectives and
standards were carefully reviewed and adopted
by the Pike River Watershed Committee and
the Commission.

The objectives and standards ranged from general
development goals for the watershed as a whole to
detailed engineering and planning analytical proce
dures and design criteria covering rainfall intensity
duration-frequency relationships; digital computer
simulation of hydrology, hydraulics, and water
quality; flood frequency analyses; design floods;
and economic and financial analyses. Most of the
general development goals were superimposed on
the watershed study from previous watershed plan
ning programs, the regional land use-transportation
planning program, the regional sanitary sewerage
system planning program, and the areawide water
quality management planning program.

Inventory
Reliable basic planning and engineering data col
lected on a uniform, watershedwide basis are
absolutely essential to the formulation of work
able development plans. Consequently, inventory
growing out of the study design becomes the first
operational step in any planning process. The
crucial need for factual information in the planning
process should be evident, since no intelligent
forecasts can be made or alternative courses of
action selected without knowledge of the historic
and current state of the system being planned.

The sound formulation of comprehensive water
shed development plans requires that factual data
be developed on topographic features, the quan
tity of surface- and groundwater, precipitation,
hydraulic characteristics of the stream system,
historic flooding, flood damages, water quality and
wastewater sources, water use, soil capabilities,
land use, economic activity, population, recreation
facilities, fish and wildlife habitat, unique natural
areas, historic sites, water supply and sewerage sys
tems and other public utilities, and water law.



In the Pike River watershed study, the most
expedient methods of obtaining adequate infor
mation of the necessary quality were followed.
These included review of prior publications, per
usal of agency files, personal interviews with
private citizens and public officials, committee
meetings of staff and technical advisors, and
original field investigations.

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

To illustrate the complexity of this task in com
prehensive watershed planning, consider that to
prepare a forecast of future floodland management
and flood control facility needs it was necessary to
analyze and to interrelate the following factors:
precipitation characteristics; relationship between
basin morphology and runoff; effect of urbaniza
tion and soil properties on runoff volume and
timing; effect of the hydraulic characteristics of
the stream network on streamflow; relationships
between streamflow, flood stage, and frequency of
flood occurrence; seasonal influence; and influence
of floodland storage and conveyance.

Two important considerations involved in the
preparation of the necessary forecasts are the
target date and accuracy requirements. Both the
land use pattern and the floodland management
measures must be planned for anticipated demand
at some future point in time. In the planning of
water control facilities, this "design year" is usually
based on the expected life of the first facilities to
be constructed in implementation of the plan.
Although it may be argued that the design year for
land use development should be extended further
into the future than that for facilities because of
the basic irreversibility of many land development
decisions, practical considerations dictate that the
land use planning design year be scaled to the

facility design year requirement. In the Pike River
watershed study, the necessary forecast period
was set as approximately 20 years, both as a very
conservative approximation of facility life and as
a means for locking the watershed forecast periods
into the previously determined regional land use
transportation study forecast periods.

Forecast accuracy requirements depend on the
use to be made of the forecasts. 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 fore
cast tolerances within that range in which only the
timing and not the basic structure of the plans will
be affected.

Plan Synthesis
Plan synthesis or design forms the heart of the
planning process. The most well-conceived objec
tive, the most sophisticated data collection, pro
cessing, 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, conduct of inventories, and preparation of
forecasts-become inputs to the design problem 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 stan
dards derived from the plan objectives, all at
a feasible cost. The water control facility plan
design problem requires a similar reconciliation
between the hydrologic, hydraulic, and pollution
loading derived from the land use plan; adopted
facility design standards; existing facilities; and
new facility costs.

Plan Testing and Evaluation
If the plans developed in the design stage of
the planning process are to be realized in terms
of actual land use and water control facility
development, some measures must be applied
to quantitatively test alternative plans in advance
of their adoption and implementation. The alter
native plans must be vigorously subjected to all
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the necessary levels of review and inspection,
including: 1) engineering and technical feasiblity,
2) environmental impact, 3) economic and financial
feasibility, 4) legality, and 5) political reaction and
acceptability. Devices used to test and evaluate the
plans range from digital computer simulation pro
grams to evaluate hydrologic-hydraulic responses
under alternative plan elements to interagency
meetings and public hearings. Plan testing and
evaluation should demonstrate clearly which alter
native plans or portions of plans are technically
sound, economically and financially feasible,
legally possible, and politically realistic.

Plan Selection and Adoption
It is proposed that the Pike River watershed
study develop a land use plan representing a refine
ment of the adopted regional land use plan. This
land use plan will be supported by various com
binations of water control facility system plans
for both flood control and pollution abatement,
thus providing a number of alternative water
shed development plans. The desirability of the
recommended comprehensive plan will be sup
ported by an analysis of some of the consequences
that may be expected under conditions of uncon
trolled development.

18

The general approach contemplated for the selec
tion of one plan from among alternatives is to
proceed through the use of the Pike River Water
shed Committee structure, interagency meetings,
and informational meetings and hearings to a final
decision and plan adoption by the Commission in
accordance with the provisions of state enabling
legislation. The role of the Commission is to
recommend the final plan to federal, state, and
local units of government and private investors for
their consideration and action. The final decisive
step to be taken in the process is acceptance or
rejection of the plan by the local governmental
units concerned, and subsequent plan implementa
tion 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 private interest
groups concerned with development in the water
shed. The use of advisory committees and both
formal and informal hearings appears to be the
most practical and effective way to achieve such
involvement in the planning process, and to openly
arrive at agreement among the affected govern
mental bodies and agencies on objectives and on
a final watershed plan which can be cooperatively
adopted and jointly implemented.



Chapter III

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

INTRODUCTION

The water resource and water resource-related
problems of a watershed, as well as the ultimate
solutions to those problems, are a function of the
activities of man within the watershed and of the
ability of the underlying natural resource base to
sustain those activities. Comprehensive watershed
planning seeks to rationally direct the future
course of human actions within the watershed so
as to favorably affect the overall quality of life.

The purpose of this chapter is to describe the
natural resource base and man-made features of the
Pike River watershed, thereby establishing a factual
base upon which the watershed planning process
may proceed. This description of the watershed
is presented in this chapter in two major sections;
the first describes the man-made features, and
the second describes the natural resource base of
the watershed.

DESCRIPTION OF THE WATERSHED:
MAN-MADE FEATURES

The man-made features of a watershed, which are
important to any comprehensive planning effort
directed at the resolution of water resource and
related problems, include its political boundaries,
land use pattern, public utility network, and trans
portation system. 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 water
shed. A description of this base is essential to
sound watershed planning, for any attempt to
protect and improve the environment must be
founded in an understanding of not only the
various demands for land and public facilities and
resources generated by the population and eco
nomic activities of an area, but also the ability of
the existing land use pattern and public facility
systems to meet these demands.

In order to facilitate such understanding, the
description of the socioeconomic base of the
watershed is herein presented in five sections.
The first section places the watershed in proper

perspective as a rational planning unit within
a regional setting by delineating its internal poli
tical and governmental boundaries and relating
these boundaries to the Region as a whole. The
second section describes the demographic and
economic base of the watershed in terms of popu
lation size, distribution,. and composition and in
terms of commercial and industrial activity and
employment levels and distribution. The third
section describes the pattern of land use in the
watershed both in terms of historical development
and existing (1975) conditions. The fourth and
fifth sections describe the public utility and trans
portation facility systems within the watershed.
A final section summarizes the information pre
sented on the man-made features and activities as
well as on the natural resource base.

Regional Setting of Watershed
and Political Boundaries
The Pike River watershed, as shown on Map 3, is
an approximately 52-square-mile surface water
drainage basin that discharges to Lake Michigan in
the City of Kenosha at a point approximately one
mile north of the City of Kenosha Harbor. 1 The
Pike River acts as an estuary of Lake Michigan
from its mouth to the lagoon located on the
Carthage College Campus, a distance of about
1.4 miles. The Pike River watershed is the fifth

1It should be noted that a 1.1 square mile area
located in Sections 23 and 24, Township 2 North,
Range 23 East, in the Town of Somers, constitutes
a subbasin which historically drained to the Pike
River. Storm sewers constructed by the City of
Kenosha prior to 1980 diverted the runoff from
this subbasin to the Pike Creek. In 1980, the City
of Kenosha constructed a detention pond and
appurtenant storm sewer improvements which
rediverted storm water runoff from the area to the
Pike River watershed. Thus, this area was again
included in the Pike River watershed as originally
defined by surface topographic conditions. The
existing storm water drainage system is shown on
Map 36 in Chapter VII of this report.
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The Pike River watershed is a 52-square..mile natural surface water drainage basin located within Racine and Kenosha Counties and containing parts of three townships, two
villages and two cities. The watershed is also served by six special-purpose districts that carry out sewerage and drainage functions. The watershed is bounded on the north
by the Root River watershed; on the west by the Des Plaines River watershed; and on the south and east by areas directly tributary to Lake Michigan. Serious flooding prob
lems exist within the watershed. Sound resolutions for these problems require a comprehensive study of the entire basin.

Source: SEWRPC.



smallest of the 11 major natural watersheds located
wholly or partly within the Region. It comprises
only 2 percent of the total area of the Southeastern
Wisconsin Region.

The Pike River watershed lies in the most rapidly
urbanizing portions of Kenosha and Racine Coun
ties; that is, that part of those counties lying east
of IH 94. The river has its source in Section 10,
Township 3 North, Range 22 East, in the Town of
Mt. Pleasant. From its source, the river flows
easterly for about one mile before turning south.
Several perennial and intermittent streams join
the main stem as it flows southerly to Petrifying
Springs Park in the Town of Somers in Kenosha
County. In Petrifying Springs Park the river is
joined by a major tributary, Pike Creek. This
watercourse should not be confused with the Pike
Creek that flows through the City of Kenosha and
is directly tributary to Lake Michigan. Approxi
mately one-quarter mile downstream from the
confluence of the Pike River and Pike Creek, the
river flows into a four-acre impoundment located
within Petrifying Springs County Park. The river's
flow may be augmented by groundwater dis
charged from springs located within the impound
ment and other points along the stream in the
Park. From Petrifying Springs County Park, the
river flows generally easterly to within approxi
mately one mile of the Lake Michigan shoreline,

where it is joined from the north by Sorenson
Creek. The river then flows southerly for about
four miles until it discharges to Lake Michigan,
approximately one mile north of the City of
Kenosha Harbor.

Six main tributaries discharge to the Pike River:
Pike Creek, Bartlett Branch, Waxdale Creek also
known as Worthington Lateral, Chicory Creek,
Lamparek Ditch, and Sorenson Creek. In addition,
two main tributaries discharge to Pike Creek:
School Tributary and Somers Branch. Numerous
minor, intermittent watercourses are also tributary
to the Pike River and to Pike Creek. The perennial
streams located in the Pike River watershed are
listed in Table 17 and are shown on Map 3.

Civil Divisions: Superimposed on the irregular
watershed boundaries is a pattern of local political
boundaries. As shown on Map 3, the watershed lies
in two counties, three townships, two villages, and
two cities. Of the seven minor civil divisions, only
the Village of Sturtevant lies entirely within the
watershed boundaries. The portions of the water
shed lying within each of the seven minor civil
divisions involved are shown in Table 1. Geo
graphic boundaries of the civil divisions are an
important factor which must be considered in any
areawide planning effort, like the Pike River water
shed planning program, since the civil divisions
form the basic foundation of the decision-making

Table 1

AREAL EXTENT OF CIVIL DIVISIONS IN THE PIKE RIVER WATERSHED: 1979

Percent of Percent of
Area Within Watershed Civil Division

Civil Watershed Area Within Area Within
Division (square miles) Civil Division Watershed

Kenosha County
City of Kenosha . . . . . . . . . . . 2.03 3.94 13.74
Town of Pleasant Prairie ...... 2.66 5.16 7.25
Town of Somers ........... 25.33 49.15 73.72

Subtotal 30.02 58.25 10.79

Racine County
City of Racine ............ 0.57 1.10 4.24
Village of Elmwood Park ...... 0.15 0.29 93.75
Village of Sturtevant. . . . . . ... 1.56 3.03 100.00
Town of Mt. Pleasant . . . . . . . . 19.24 37.33 51.14

Subtotal 21.52 41.75 6.32

Total 51.54 100.00 --

Source: SEWRPC.
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framework within which intergovernmental, envi
ronmental, and developmental problems must be
addressed. This is true because the counties and
local municipal units of government all have impor
tant resource management responsibilities.

Special-Purpose Units of Government: Special
purpose units of government are of particular
interest to the watershed planning program. Among
these are the legally established, active town sani
tary and utility districts which were created to
provide various urban-related services-such as
sanitary sewerage, water supply, drainage, and solid
waste collection and disposal-to designated por
tions of rural towns having urban service needs.
There are five such districts within the Pike River
watershed, as shown on Map 3: the Town of Mt.
Pleasant Utility District No.1, the Mt. Pleasant
Storm Water Drainage District, the Town of Plea
sant Prairie Sewer Utility District D, the Town of
Somers Sanitary District No.1, and the Town of
Somers Utility District No.1.

Another special-purpose unit of government of
concern to the watershed planning program is the
farm drainage district. There remain,s one legally
constituted drainage district lying partially within
the Pike River watershed, as shown on Map 3. This
is the Kenosha County Farm Drainage District
No. 1. This District operates under the aegis of the
Kenosha County Farm Drainage Board.

Other Agencies Having Resource Management
Responsibilities: Superimposed upon these local
and special-purpose units of government are the
state and federal governments, certain agencies of
which 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 State Board of Soil and Water Conservation
Districts; the U. S. Department of the Interior,
Geological Survey; the U. S. Environmental Protec
tion Agency; the U. S. Department of Agriculture,
Soil Conservation Service; and the U. S. Army
Corps of Engineers.

Demographic and Economic Base
Because of the direct relationships which exist
between population levels and the demand for
land, water, and other important elements of the
natural resource base, as well as the demand for
various kinds of transportation, utility, and com
munity facilities and services, an understanding of
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the size, characteristics, and spatial distribution of
this population is basic to any watershed planning
effort. The size and other characteristics of the
population of an area are greatly influenced by
growth and other changes in economic activity.
Population features and economic activity must,
therefore, be considered together. It is important
to note, however, that because the Pike River
watershed lies within the urbanizing Kenosha and
Racine areas, many of the economic forces that
influence population growth within the watershed
are centered outside the watershed proper. Thus,
an economic analysis for watershed planning pur
poses must relate the economic activity within the
watershed to the' economy of the Kenosha and
Racine metropolitan areas, and to that of the
Southeastern Wisconsin Region. Similarly, the size,
other characteristics, and distribution of the popu
lation residing within the watershed must be viewed
in relation to similar characteristics of the popula
tion within the Kenosha and Racine metropolitan
areas as well as within the Region.

Demographic Base: A study of the demographic
base of the watershed includes consideration of
population size, distribution, and composition.

Population Size: The 1975 resident populatiOn of
the watershed was estimated at about 29,000 per
sons,.or about 2 percent of the total population of
the Region. As shown in Table 2 and Figure 4, the
population of the watershed increased by 37 per
cent between 1950 and 1960, a rate of increase
which was somewhat higher than that of Kenosha
and Racine Counties and of the Region. From
1960 to 1970, the population of the watershed
grew by 33 percent,a rate of growth somewhat
lower than that of the preceding decade, but
significantly higher than the rates of increase of
Kenosha and Racine Counties and of the Region.
This differential in growth rates intensified during
the 1970-1975 period, when it is estimated that
the population of the watershed increased by
19 percent, while that of Kenosha County, Racine
County, and the Region grew by only 7 percent,
5 percent, and 2 percent, respectively. Conse
quently, the proportion of the total regionalpopu
lation which resides in the watershed has increased
from 1 percent in the 1950's and 1960's to 2 per
cent in 1975. The higher growth rate of the water
shed is consistent with the redistribution of
population which has been occurring recently in
the Region. The Pike River watershed is comprised
largely of rural lands adjacent to the Cities of
Kenosha and Racine, and is therefore subject to



Table 2

POPULATION IN THE PIKE RIVER WATERSHED, KENOSHA COUNTY,
RACINE COUNTY, AND THE REGION: SELECTED YEARS 1950-1975

Population

Pike River Kenosha Racine Southeastern
Watershed County County Wisconsin Region

Percent Percent Percent Percent Watershed
Change Change Change Change Population
During During During During as Percent

Preceding Preceding Preceding Preceding of Regional
Year Number Period Number Period Number Period Number Period Popuation

1950 13,262 -- 75,238 -- 109,585 -- 1,240,618 -- 1
1960 18,208 37 100,615 34 141,781 29 1,573,620 27 1
1970 24,224 33 117,917 17 170,838 20 1,756,083 12 1
1975 28,722 19 126,651 7 178,916 5 1,789,871 2 2

Source: SEWRPC.

rapid suburbanization and urbanization. The public
preference in the recent past for low-density resi
dential development and the concomitant diffusion
of urban development outward from the older
metropolitan centers has resulted in higher rates
of growth in areas contiguous to cities such as
Kenosha and Racine.

Population Distribution: The 1960, 1970, and
1975 watershed population by civil division is
presented in Table 3. The Village of Sturtevant, the
only civil division which lies entirely within the
Pike River watershed, experienced the largest
increase in population from 1960 to 1975, with
a gain of about 2,900 persons. In 1960, 8 percent
of the total watershed population resided in Stur
tevant; by 1975, this proportion had risen to
15 percent. The City of Racine had a negligible
population in the watershed in 1960, but by 1975,
the City had about 1,900 persons residing in the
watershed, or about 7 percent of the total water
shed population. Other civil divisions, while show
ing only a small increase or even a decrease in their
proportion of the total watershed population, also
experienced significant absolute or relative popu
lation gains. The Town of Pleasant Prairie's popu
lation in the watershed almost doubled during
the period 1960 to 1975, from about 350 in 1960
to 650 in 1975. The City of Kenosha and the
Town of Mt. Pleasant experienced large population
gains in the portion of these civil divisions within
the watershed, of about 2,500 and about 2,400,

respectively, during this time period, while both
contained slightly smaller proportions of the
total watershed population in 1975 than they did
in 1960.

As shown on Map 4, most of the Pike River water
shed has a density of less than 350 persons per
gross square mile, reflecting the watershed's pre
dominantly rural character. Only a small portion
of the watershed in 1975 exhibited a population
density in excess of 3,500 or more persons. These
higher density areas included parts of the City of
Racine, the Village of Sturtevant, and the City of
Kenosha, which had densities exceeding 3,600 per
sons per gross square mile.

Between 1960 and 1975, the overall population
density of the watershed increased from about
350 to about 550 persons per square mile, an
increase of about 57 percent. The overall 1975
watershed population density, together with the
population density of those portions of the various
minor civil divisions within the watershed and the
proportion of the watershed population residing in
these minor civil divisions, is presented in Table 4.

Population Composition: In 1970 the median age
of the resident population of the watershed was
25.2 years, while the median ages of the resident
population of Kenosha and Racine Counties were
about 26.9 years and 26.0 years, respectively, and
of the Region as a whole about 27.6 years. This

23



Figure 4

POPULATION OF THE PIKE RIVER
WATERSHED, KENOSHA COUNTY,

RACINE COUNTY, AND THE
REGION: 1900-1975

Economic Base: The Pike River watershed is
located adjacent to and partially within the
Kenosha and Racine urbanized areas. As such its
economic base cannot be differentiated in any
meaningful way from that of the greater Kenosha
and Racine areas. The resident population of the
watershed can readily commute to jobs located
outside of the watershed, while other residents
in the greater Kenosha and Racine areas can readily
commute to jobs located in the watershed. Some
appreciation of the general character of the water
shed can, nevertheless, be gained by an exami
nation of the size and character of economic
activities in the basin.

Figure 5 shows the relative concentration of jobs
by eight major industrial divisions in 1975 for the
Pike River watershed and the Region. Employment
within the watershed in the eight m,jor categories,
estimated at a total of 9,200 jobs, is concentrated
in four major industry categories. Manufacturing
provided the largest number of jobs, with about
2,600 jobs, or about 28 perce-::.t of the total
employment. Government services and educatbn,
private services, and wholesale and retail trade
provided the next largest numbers of lobs; with
about 24, 21, and 18 percent of the total, respec
tively. Recreation related jobs, which are included
in the private services category, are becoming of
increasing importance to employment within the
watershed. The other four major industry groups
each provided 3 percent or less of the total jobs in
the watershed. About 140 jobs, or less than 2 per
cent of the total, were provided by agriculture.

watershed, for larger household sizes are normally
also more prevalent in rural and rural-urban fringe
areas. In 1970, the average annual income for
households within the watershed was estimated at
$10,440, about equal to that of Racine County,
which had an average income per household of
$10,550, and that of the Region with an average of
$10,330, and higher than that of Kenosha County
with an average of $9,530. The highest average
household income within the watershed-over
$20,000-was found in the Village of Elmwood
Park, while the lowest average income-less than
$8,000-was found in the Kenosha City portion of
the watershed.

The relative concentration of jobs within manu
facturing, which provided the largest proportion
within the watershed in 1975, is presented in
Figure 6 for the Pike River watershed and the
Region. The majority of manufacturing jobs are
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differential reflects the rural nature of the water
shed, for slightly younger age distributions are
normally found in rural-urban fringe and in rural
areas. The average household size in the watershed
in 1970 was 3.67 persons, while the average house
hold sizes in Kenosha and Racine Counties were
3.26 persons and 3.35 persons, respectively, and in
the Region as a whole 3.18 persons. This again
reflects the predominantly rural character of the
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Table 3

POPULATION IN THE PIKE RIVER WATERSHED BY CIVIL DIVISION: 1950,1960,1970,1975

1950 1960 1970 1975

Population Percent of Population Percent of Population Percent of Population Percent of
Civil Within Watershed Within Watershed Within Watershed Within Watershed

Divisiona
Watershed Population Watershed Population Watershed Population Watershed Population

Kenosha County
City of Kenosha (part} ..... 1,993 15 4,974 27 5,774 24 7,446 26
Town of Pleasant Prairie

(part). .............. 210 2 348 2 406 2 641 2
Town of Somers (part) " ... 3,828 29 4,942 27 5,033 21 5,151 18

Kenosha County
(part) Subtotal 6,031 46 10,264 56 11,213 47 13,238 46

Racine County
Town of Mt. Pleasant (part} .. 6,05~ 46 6,45

b
6 36 8,118 33 8,803 31

City of Racine (part) -- -- -- 1,126 4 1,936 7
V~lage of Elmwood Parkc

(part). .............. -- -- -- -- 391 2 391 1
Village of Sturtevant....... 1,176 9 1,488 8 3,376 14 4,354 15

Racine County
(part) Subtotal 7,231 54 7,944 44 13,011 53 15,484 54

Total 13,262 100 18,208 100 24,224 100 28,722 100

aThe boundaries of these civil divisions have changed over time because ofannexations.

bNegligible.

c The Village of Elmwood Park was incorporated on July 5, 1960, subsequent to the conduct of the federal census on April 1, 1960. Therefore, this population of
this area is included in the Town of Mt. Pleasant for 1950 and also 1960.

Source: SEWRPC.

in the chemical, petroleum, rubber, and plastic
products category, which provided for about
72 percent of all manufacturing employment
within the watershed. The manufacturing of non
electrical machinery and electrical equipment
provided about 12 and 8 percent, respectively, of
total manufacturing employment; other types of
manufacturing each accounted for 4 percent or less
of the total.

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 demands can be cor
related directly with the quantity and type of
land use, as can water quality deterioration. The
existing land use pattern can best be understood
within the context of its historical development.

Thus, attention is focused herein upon historic as
well as existing land use development and upon
both regional and watershed factors influencing
land use.

Historical Development:2 The movement of Euro
pean settlers into the watershed began after 1834.
At that time there were no Europeans, except for

2 In addition to Commission inventories of historic
places and events, the following references were
used in preparing the brief account of the historical
development of the Pike River watershed:

• Carrie Cropley, "Kenosha From Pioneer Vil
lage to Modern City," Kenosha County His
torical Society, 1958.

• Frank H. Lyman, Kenosha and Kenosha
County, Wisconsin, two volumes, S. J. Clarke
Publishing Company, Chicago, 1916.
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Map 4

GROSS POPULATION DENSITY IN THE PIKE RIVER WATERSHED: 1975
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The 1975 resident population of the Pike River water
shed is estimated at about 29,000 persons. Gross popu
lation densities within the watershed range from a low
of abOut 200 persons per square mile in rural areas to
a high of about 3.700 persons per square mite in the
City of Kenosha. From 1960 to 1975. the overall popu
lation density of the watershed increased from about
350 to 550 persons per square mile, an increase of about
200 persons per square mile. or about 57 percent.
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Table 4

TOTAL POPULATION AND POPULATION DENSITY IN THE
PIKE RIVER WATERSHED BY CITIES AND VILLAGES: 1975

Average Gross
Population Percent of Area Included Percent of Population

Civil Within Watershed in Watershed Area in Density
Division Watershed Population (square miles) Watershed (per square mile)

Cities
Kenosha ........ 7,446 26 2.03 3.94 3,668
Racine ......... 1,936 7 0.57 1.11 3,396

Villages
Elmwood Park .... 391 1 0.15 0.29 2,607
Sturtevant....... 4,354 15 1.56 3.03 2,791

Towns
Mt. Pleasant. . . . . . 8,803 31 19.24 37.33 458
Pleasant Prairie. . . . 641 2 2.66 5.16 241
Somers ........ 5,151 18 25.33 49.14 203

Total 28,722 100 51.54 100.00 557

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

one family of hunters and trappers with a cabin
near Petrifying Springs, who soon moved away.
Even the number of Indians was small, and those
still there remained hidden in the forests along the
creeks much of the time. Not long before this,
there had been three Indian villages in or near
what is now the City of Kenosha,3 but these were
gone by 1834.

The only roads were old Indian trails, two of which
were located approximately on the alignment of
the present day STH 31 and STH 50. For cen
turies Indians going north toward Green Bay had
traveled along that trail which is now STH 3l.
Indian hunters and trappers used a trail along or
near the STH 50 location when traveling between
Lake Michigan and the inland lakes to the west
such as Geneva Lake.

3 It is said that these villages, this vicinity, and the
river were known as Kenosha ("pike") by Indians
and traders because pike were plentiful in the
waters of the lake and river.

The first E'uropean settlement in the Pike River
watershed, the Village of Pike River, occurred in
1835 near the mouth of the Pike River one mile
north of the present harbor of Kenosha. This
settlement was once a rival of Southport, which
became the City of Kenosha. Pike River once had
dwellings, stores, mechanics' shops, and ware
houses. But during 1842 and the following year,
many of the buildings were moved to Southport,
and the Village ceased to exist.

Settlements near the Pike River watershed include
the aforementioned Southport, now the City of
Kenosha, and Root River, now the City of Racine.
Settlement of these areas began in 1835 and 1834,
respectively. As shown on Map 5, urbanization
occurred first within the watershed in the vicinity
of the Village of Sturtevant and was generally
limited to this area until about 1950. By 1963,
urbanization had occurred in small areas through
out the Pike River watershed and constituted
about 10 square miles of land, or approximately
19 percent of the area of the watershed. Between
1963 and 1975 approximately 4.7 square miles
of additional land was converted from rural to
urban use within the watershed; and approximately
28 percent of the total area of the watershed was
in urban use.
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Figure 5 Figure 6
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A number of sites and buildings of historic
interest-churches, homes, and cultural and natural
areas-are located in and near the watershed, and
are shown on Map 6. Table 5 lists the historic sites
and presents selected information about each,
including location, name, and significance. Four of
the sites are located at or near Petrifying Springs
Park. Two others are located near the mouth of
the Pike River and the remaining two are in the
Town of Mt. Pleasant near Racine. The comprehen
sive watershed planning process, in conjunction
with local planning efforts, can assist in protecting
and restoring the most significant of these historic
sites, thereby preserving the cultural and educa
tional values inherent in such sites by recom
mending the development and maintenance of
compatible contiguous park and related open space
land uses.

Existing Land Use: The generalized existing land
use pattern within the Pike River watershed is
shown on Map 7 and the existing land uses are
quantified in Table 6. Figure 7 graphically depicts
the types and relative amounts of existing land uses
within the watershed in 1963 and 1975.

As indicated in Table 6, the watershed is still
predominantly rural with over 37 square miles,
or over 72 percent, of the total watershed area
being in rural land use. Agriculture is the predomi
nant land use in the watershed occupying over
32 square miles, or about 63 percent, of the total
watershed area. Urban land uses within the water
shed presently occupy about 14 square miles, or
about 28 percent, of the total watershed area. The
single urban land use occupying the greatest area
is residential which presently accounts for over
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Map 5

HISTORICAL URBAN GROWTH IN THE PIKE RIVER WATERSHED: 1900-1975
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lirbanization in the Pike River watershed began around
1900 in the vicinity of the Village of Sturtevant. By
1963, urbanization had occurred in small areas through
out the watershed and comprised about 10 square miles
of land, or approximately 19 percent of the area of the
watershed. Between 1963 and 1975 approximately
4.7 square miles of additional land was converted from
rural to urban use within the watershed, and approxi

mately 28 percent of the tOtal area of the watershed
was in urban use.
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Map 6

HISTORICAL SITES IN OR NEAR THE PIKE RIVER WATERSHED: 1973

A number of sites and buildings of historic interest such
as churches, homes and natural areas are located within
the watershed. Preservation of the best remaining
historic sites and structures should be given careful con
sideration in planning for, and development or redevel·
opment of, the watershed.
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Table 5

HISTORICAL SITES IN OR NEAR THE PIKE RIVER WATERSHED: 1973

Location

U. S. Public Land Survey Civil Division

Site Township Range Quarter City. Village, Site
Numbers (north) {easd Section Section County or Town Name

2 22 10 NE Kenosha Town of Somers Hawthorne Hollow

2 22 11 NW Kenosha Town of Somers Petrifying Springs Park

22 11 NW Kenosha Town of Somers Petrifying Springs

Hardwoods

22 11 SW Kenosha Town of Somers Montgomery·Cabin

23 30 NE Kenosha City of Kenosha Pike River

settlement Site
6 2 23 30 NE Kenosha City of Kenosha S.Y. Brande House
7 3 22 13 SW Racine Town of Mt. Pleasant Mygatts Corners Churches

22 36 SE Racine Town of Mt. Pleasant Sanders Park Hardwoods

aSee Map 6.

Source: SEWRPC.

Significant

Oates

1847
1834

1835

1880
1845

Significance

School, town hall, prairie

Indian meeting place,

natural spring, park

Significant woodlands, lake

Residence of first European

settler in watershed

Village site, Indian

campsite, parks

Historic home

Church, early road/trail,

statues and monuments

Museum, blacksmith shops,
significant woodlands

Table 6

LAND USE IN THE PIKE RIVER WATERSHED: 1963 AND 1975

1963 1975

Percent Percent

Land Use Area Percent of of Major Area Percent of of Major

Category (square miles) Watershed Category (square miles) Watershed Category

Urban
Residential o ••• 0 3.89 7.6 40.4 6.29 12.2 44.0
Retail and Services. 0.11 0.2 1.1 0.23 0.4 1.6

Industrial . . . . . . 0.24 0.5 2.5 0.70 1.4 4.9
Transportation, Communiclltion,

and Utility Facilities ...... 3.48 6.8 36.1 4.82 9.4 33.9

Governmental and Institutional 0.64 1.2 6.6 1.02 2.0 7.2

Park and Recreational. • 0 0 0 • 1.27 2.4 13.2 1.20 2.3 8.4

Urban Total 9.63 18.7 100.0 14.26 27.7 100.0

Rural
Agricultural and Related 38.37 74.6 91.8 32.26 62.8 86.8
Other Open Lands. o • ··0 3.42 6.7 8.2 4.90 9.5 13.2

Rural Total 41.79 81.3 100.0 37.16 72.3 100.0

Total 51.42a
100.0 -- 51.42a 100.0 --

aThis figure represents the total area of the watershed as determined through approximating the watershed boundary by U. S. Public Land
Survey quarter sections. The actual measured watershed total is 51.54 square miles.

Source: SEWRPC.
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Map 7 I
GENERALIZED EXISTING LAND USE IN THE PIKE RIVER WATERSHED: 1975

The Pike River watershed is predominantly rural with
more than 37 square miles, or over 72 percp.nt, of the
watershed being in rural land use. Agriculture is the pre
dominant land use in the watershed, occupying over
32 square miles, or about 63 percent, of the total water
shed area. Urban land uses within the watershed pres
ently occupy 14 square miles. or about 28 percent of
the total watershed area. From 1963 to 1975, approxi
mately 4.7 square miles, or abOut 9 percent of the
watershed, was converted from rural to urban use, result
ing in a rather modest rate of urbanization of about
0.4 square mile per year.
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Figure 7

Two municipally owned sewage treatment plants
are located in the Pike River watershed. The two
plants, one of which serves the Village of Sturte
vant' and the other portions of the Town of
Somers, discharge treated effluents to the Waxdale
tributary and the Somers tributary of Pike Creek,
respectively. These two plants serve a combined
population of 5,100 persons within the watershed,
or 18 percent of the total population of the water
shed, and 21 percent of the sewered population
of the watershed. Five sewerage systems are con
nected to the Kenosha and Racine treatment
plants, which discharge treated effluent to Lake
Michigan. These two plants serve a combined
population of 18,600 persons within the water
shed, or 65 percent of the total population of the
watershed, and 78 percent of the sewered popula
tion of the watershed. The Town of Pleasant Prairie
Sewer Utility District D, which operates its own
facility, serves a population of 300 persons within
the watershed, or 1 percent of the total population
of the watershed, and also about 1 percent of the
sewered population of the watershed. That facility
is, however, located outside of the watershed, and
discharges to the Des Plaines River.

Water Supply Service: The Pike River watershed
is served by four public water supply facilities.
The service areas of these four public water supply
systems-the Kenosha Water Utility, the Town of
Somers Sanitary District No.1, the Racine Water
Department, and the Sturtevant Water and Sewer
Utility'--are shown on Map 9_ About 5.4 square
miles, or about 38 percent of the urbanized area
of the water3hed, and about 21,400 persons, or

systems are owned and operated by the City of
Kenosha, the City of Racine, the Village of Elm
wood Park, the Village of Sturtevant, the Town of
Mt. Pleasant Utility District No.1, the Town of
Pleasant Prairie Sewer Utility District D, the Town
of Somers Sanitary District No.1, and the Town of
Somers Utility District No. 1. It should be noted
that the City of Racine is presently conducting
a local facility planning program in coordination
with the Towns of Caledonia and Mt. Pleasant and
the Village of Sturtevant to evaluate future sewage
treatment and conveyance needs. This local plan
ning program may result in a refinement of the
indicated sewer service area delineation.

'The Village of Sturtevant sewage treatment plant
was abandoned in May of 1980.
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DISTRIBUTION OF URBAN AND RURAL LAND USE
IN THE PIKE RIVER WATERSHED: 1963 AND 1975

IZIIl

six square miles, or over 12 percent, of the total
watershed area. Also of significance is the trans
portation, communication, and utilities category
which accounts for almost five square miles, or
over 9 percent, of the total watershed area. From
1963 to 1975, the rate of urbanization in the
watershed has been rather modest. Approximately
4.7 square miles, or 9 percent of the watershed,
was converted from rural to urban use, resulting
in a rate of urbanization of about 0.4 square mile
per year.

Public Utility Base
Sanitary Sewer Service: In 1975, a total of eight
sani tary sewerage systems or portions thereof
served a total area of about 9.7 square miles within
the watershed, or about 19 percent of the total
area of the watershed, and a total population of
about 24,000 persons, or about 84 percent of
the total resident population of the watershed, as
shown on Map 8. These eight sanitary sewerage
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MapS

SANITARY SEWER SERVICE AREAS IN THE PIKE RIVER WATERSHED: 1975

SANITARY SEWEll sERVICE AREAS

EXISTING puBLIC SEWAGE TREAoTMENT FACILITy

PIfOf'OSEO SANITARY SEWER SERVICE ol.flEAS
FOR THE: YEAR :!:OOO (AS PROPOSED (N SEWRPC'S
AREAwiDE WATER QUALITY tolANAGEhlENT PLAN
ADOPTED IN 1979)

LEGEND

t. ····"'1·<·"
.. '7

•

A total of eight sanitary sewerage systems or portions
thereof serve a total area of about 9.7 square miles
within the watershed, or about 19 percent of the total
area of the watershed, and a total population of about
24,000 persons, or approximately 84 percent of the
total resident population of the watershed.

TOWN OF SOMERS
SANITARY DISTRiCT NO. I

MICHIGAN

LAKE

",

".". .. .
•••••• Q

.r-

~.

"

\
I //
I

~j" J/;.

<"....

" , •\

..
J ..........

RAe NR

11
KE OSHA

.. '

I
,I

---...... .~

4"

",
'-J.'

".. , \" I 'I
/

l' 1,

M R

f

:PLEASAN

.....

Source: SEWRPC.

34



about 74 percent of the total watershed popula
tion, are served by public water supply systems.
The Kenosha Water Utility and Racine Water
Department operate complete and independent
water supply systems providing retail water service
to portions of the Towns of Pleasant Prairie and
Somers, and the Village of Elmwood Park and
Town of Mt. Pleasant, respectively. The Town of
Somers Sanitary District No. 1 purchases water
wholesale from the Kenosha Water Utility, and the
Sturtevant Water and Sewer Utility purchases
water wholesale from the Racine Water Depart
ment. All four of the public utilities located in
the watershed utilize Lake Michigan as the source
of supply.

Electric Power Service and Gas Service: Electric
power is available to all portions of the watershed,
such power being supplied by the Wisconsin Elec
tric Power Company. Natural gas service is also
available to all portions of the watershed, such
service being supplied by the Wisconsin Natural
Gas Company.

Transportation
Arterial Streets and Highways: The Pike River
watershed is served by the arterial street and high
way system shown on Map 10. This arterial system
provides ready access to all rural and urban land
uses in the watershed, thus supporting those land
uses, and facilitates rapid movement of persons
and goods by automobile and motor truck through
out the watershed. The arterial system is so well
developed that the urban development can be
readily supported almost anywhere in the water
shed. The arterial system, and related collector and
land access streets, serving the land uses in the
watershed is also important to the watershed plan
ning effort because of associated potential adverse
effects on surface water quality. For example, as
discussed in Chapter VII of this report, rainfall or
snowmelt induced washoff of substances from
urban land surfaces, including streets and high
ways, may have harmful effects on the surface and
ground waters of the watershed.

Bus Service: The transportation needs of the
resident population of the watershed, largely
determined by the distribution of residential
development in relation to centers of employment,
shopping, and other activities, together with the
configuration of the arterial street and highway
system of the watershed, have resulted in the
development of two types of motor bus service:
urban mass transit and intercity bus service. Urban

mass transit service within the watershed is pro
vided, as shown on Map 10, by the Belle Urban
System, operated by the Racine Transit Com
mission, and by the urban mass transit system
operated by the Kenosha Transit and Parking
Commission, which provide service to the Racine
and Kenosha areas, respectively.

Also as shown on Map 10, intercity bus service is
provided throughout the watershed by Wisconsin
Coach Lines, Inc., which operates a route con
necting the central business district of Milwaukee
with Racine and Kenosha, with a single stop
located in the watershed at the intersection of
STH 32 and Sheridan Road in the City of Kenosha.

Railroad Service: Railroad service in the water
shed is limited to freight hauling, except for
scheduled Amtrak passenger service over the line
of the Chicago, Milwaukee, St. Paul & Pacific
Railroad Company (The Milwaukee Road) between
Milwaukee and Chicago with a stop in Sturtevant,
and a commuter service from Kenosha to Chicago
operated by the Chicago & North Western Trans
portation Company.

Freight service is provided in and through the
watershed by the Milwaukee Road and the Chi
cago & North Western Transportation Company.
As shown on Map 10, three railroad lines traverse
the Pike River watershed in a north-south direction
and a single railroad line in an east-west direction.

Airport: As shown on Map 10, Kenosha Municipal
Airport, lying almost entirely within the Pike River
watershed, is the only airport in the basin. The air
port is owned by the City of Kenosha, and pro
vides general aviation service.

DESCRIPTION OF THE WATERSHED:
NATURAL RESOURCE BASE

The natural resource base is a primary determinant
of the development potential of a watershed and
of its ability to provide a pleasant and habitable
environment for all forms of life. The principal
elements of the natural resource base are climate,
physiography, geology, soils, vegetation, water
resources, and fish and wildlife resources. Without
a proper understanding and recognition of ele
ments comprising the natural resource base and
their interrelationships, human use and alteration
of the natural environment proceed at the risk of
excessive costs in terms of both monetary expen
ditures and destruction of nonrenewable or slowly
renewable resources. In this age of high resource
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Map 10

ARTERIAL STREET AND HIGHWAY AND TRUNKLINE RAILROAD
FACILITIES IN THE PIKE RIVER WATERSHED: 1978
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The Pike River watershed is served by a well-developed
surface transportation system. Passenger transportation
is primarily by highway. with goods movement by both
rail and highway. The Chicago, Milwaukee, St. Paul &
Pacific Railroad traverses the watershed in both east
west and north-south directions. and the Chicago &
North Western Railway traverses the basin in a north
south direction.
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demand, urban expansion, and rapidly changing
technology, it is especially important that the
natural resource base be a primary consideration
in any areawide planning effort, since these aspects
of contemporary civilization make the underlying
and sustaining resource base highly vulnerable to
misuse and destruction.

This portion of this chapter identifies and describes
the significant elements of the natural resource
base of the watershed; indicates and quantifies the
spatial distribution and extent of those resources;
characterizes, where possible, the quality of each
component element of the natural resource base;
and seeks to identify those elements and charac
teristics of the natural resource base which must
be considered in the watershed planning process.
While all the aforementioned components of the
natural resource base are described in this chapter
in order to provide an overview of the watershed
natural resource base, some are discussed in more
detail, as needed, in later chapters. For example,
this chapter includes an overview of the surface
water resources of the watershed, while the find
ings of a hydrologic-hydraulic inventory are
discussed in Chapter V, the results of a historic
flooding inventory are set forth in Chapter VI, and
the findings of water quality surveys are described
in Chapter VII.

Climate5

General Climatic Conditions: The midcontinental
location of the Southeastern Wisconsin Region, far
removed from the moderating effect of the oceans,
gives the Region and the watershed a typical con
tinental type climate characterized primarily by
a continuous progression of markedly different
seasons and a large range in annual temperature.
Low temperatures during winter are intensified by
prevailing frigid northwesterly winds, while summer
high temperatures are reinforced by the warm
southwesterly winds common during that season.

5 Unless otherwise indicated, climatic and weather
descriptions and data presented here are based on
information extracted from various periodic publi
cations of the National Weather Service, U. S.
Department of Commerce, formerly known as the
Weather Bureau, U. S. Department of Commerce.
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The Region and the watershed are positioned
astride cyclonic storm tracks along which low pres
sure centers move from the west and southwest.
The Region and the watershed also lie in the path
of high pressure centers moving in a generally
southeasterly direction. This location at the con
fluence of major migratory air masses results in the
watershed as a whole being influenced by a con
tinuously changing pattern of different air masses,
and results in frequent weather changes being
superimposed on the aforementioned large annual
range in weather characteristics, particularly in
winter and spring when distinct weather changes
normally occur every three to five days. These
temporal weather changes consist of marked varia
tions in temperatures, type and amount of precipi
tation, relative humidity, wind speed and direction,
and cloud cover.

In addition to these distinct temporal variations in
weather, the watershed-in spite of its relatively
small size-exhibits spatial variations in weather
due primarily to its proximity to Lake Michigan,
particularly during the spring, summer, and fall
seasons when the temperature differential between
the lake water and the land air masses tends to be
the greatest. During these periods, the presence
of the lake tends to moderate the climate of the
eastern border of the seven-county Southeastern
Wisconsin planning region in general, and of por
tions of Pike River watershed in particular. It is
common, for example, for midday summer tem
peratures in shoreline areas to drop abruptly to
a temperature level 100 F lower than inland areas
because of cooling lake breezes generated by air
rising from the warmer land surfaces. This Lake
Michigan temperature influence is, however, gen
erally limited to that portion of the watershed
lying within a few miles of the shoreline.

The location of three meteorological stations near
the Pike River watershed as well as the types of
precipitation recording equipment and the avail
ability of temperature and other meteorological
data are shown on Map 11 and Table 7. Additional
information about selected stations is presented in
Chapter VIII. These National Weather Service sta
tions are located outside the limits of the basin at
distances of 2.7 miles to the Racine, 3.5 miles to
the Kenosha, and 6.1 miles to the Union Grove sta
tions. Selected data from the meteorologic stations
near the watershed were used in the development
of the following discussion of basin temperature,
precipitation, snow cover, frost depth, evaporation,
wind, and sky cover characteristics.



Map 11

METEOROLOGICAL STATIONS OF THE NATIONAL
WEATHER SERVICE NEAR THE PIKE RIVER WATERSHED: 1980
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the Pike River watershed and for operating the water resources simulation model used to calculate streamflow and streamW<lter qualitY.

Source: SEWRPC.
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Table 7

NATIONAL WEATHER SERVICE METEOROLOGICAL STATIONS NEAR THE PIKE RIVER WATERSHED

Station Identification Location

National

Weather Year

Service City or Current Began Data

Name Number County Village Location Operation Recorded

Kenosha ..... 4174 Kenosha City of Kenosha Sewage treatment plant 1945 Hourly precipitation,

daily temperature

Racine ...... 6922 Racine City of Racine Sewage treatment plant 1940 Hourly precipitation,

daily temperature

Union Grove ... 8723 Racine Village of Sewage treatment plant 1945 Hourly precipitation,

Union Grove daily temperature

Source: National Weather Service and SEWRPC.

Temperature: Watershed temperatures, which
exhibit a large annual range, are relevant to water
shed planning. Seasonal temperatures determine
the kinds and intensities of the recreational uses to
which surface waters and adjacent riverine lands
may be put, and consequently, the periods over
which the highest levels of water quality should
be maintained. More importantly, aerobic and
anaerobic biochemical processes fundamental to
the self-purification of streams are temperature
dependent, since reaction rates approximately
double with each 200 F rise in temperature within
the temperature range normally encountered in
nature. The supply of oxygen available for such
processes is a function of oxygen solubility in
water, or the maximum concentration of oxygen
that can be retained in solution, which is also
highly dependent on temperature. For example,
a stream at or near freezing temperatures can hold
about 15 milligrams per liter (mg/l) of dissolved
oxygen, but the surface waters of that same stream
on a hot 800 F day will have the dissolved oxygen
solubility reduced by almost one-half. The summer
period is, therefore, critical and limiting in both
natural and artificially induced aerobic processes,
since oxygen demands are at their annual maxi
mum due to accelerated reaction rates, while the
oxygen supply is at its annual minimum because
of solubility limitations associated with those
high temperatures.

Data for two selected air temperature observation
stations near the Pike River watershed-Kenosha
and Racine-are presented in Table 8. Monthly
temperature data for the two stations are presented
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graphically in Figure 8. Air temperature and pre
cipitation data used to develop the tables and
figures presented in this and the subsequent sec
tions of this chapter are for various periods of
record ranging from 29 years to 38 years. Coin
cident periods of record were not used because of
the widely varying periods of historic record avail
able. Although noncoincident periods of record
were used, the monthly and annual summary data
presented in this chapter are judged to be suf
ficiently accurate to portray the spatial and tem
poral variations in watershed temperature and
precipitation characteristics. These data indicate
the temporal variations, and in some instances the
spatial variations, in temperature and precipitation
which may be expected to occur within or near
the watershed. The temperature data also illustrate
how watershed air temperatures lag approximately
one month behind summer and winter solstices
during the annual cycle, with the result that July is
the warmest month in the watershed and January
the coldest.

Summer air temperatures throughout the water
shed, as reflected by monthly means at the
Kenosha and Racine stations for July and August,
are in the 700 F to 730 F range. Average daily maxi
mum temperatures within the watershed for these
two summer months are in the 790 F to 840 Frange,
whereas average daily minimum temperatures vary
from 610 F to 62o F. With respect to minimum
daily temperatures, the meteorological station net
work is not sufficient to reflect all the effects of
topography. During nighttime hours, cold air,
because of its greater density, flows into low lying



Table 8

AIR TEMPERATURE CHARACTERISTICS AT SELECTED LOCATIONS NEAR THE PIKE RIVER WATERSHED

Location

Kenosha Racine Union Grove Watershed

(1948-1976) 11940-1977) (1964-1976) Summary

Average Average Average Average Average Average Average Average

Daily Daily Daily Daily Daily Daily
Meanb

Daily Daily

Month Maximuma Minimuma Meanb Maximuma Minimuma
Mean

b Maximuma Minimuma Maximumc Minimumc Mean

January 29.8 13.4 21.6 29.4 13.5 21.5 29.9 12.5 21.2 29.6 13.5 21.6
February 33.4 17.6 25.5 33.1 20.5 26.8 33.5 15.8 24.7 33.3 20.1 26.2
March 41.0 25.7 33.4 42.0 26.1 34.1 42.9 24.9 33.9 41.5 25.9 33.8

April 53.7 35.9 44.8 52.7 36.7 44.7 56.8 35.3 46.0 53.2 36.3 44.8
May 64.3 44.7 54.5 66.2 45.3 55.8 67.5 43.8 55.7 65.3 45.0 55.2
June 75.0 54.7 64.8 77.1 52.6 64.9 78.2 54.6 66.4 76.1 53.7 64.9
July 79.9 61.0 70.5 82.6 61.7 72.2 83.0 60.4 71.7 81.3 61.4 71.4
August 79.3 60.9 70.1 83.5 61.4 72.5 82.0 59.5 70.7 81.4 61.2 71.3

September 72.1 53.1 62.6 73.6 50.5 62.1 74.6 51.7 63.1 72.9 51.8 62.4
October 62.0 43.1 52.6 62.9 43.7 53.3 64.0 42.1 53.0 62.5 43.4 53.0
November 46.8 30.5 38.6 46.2 30.7 38.5 47.0 29.3 38.1 46.5 30.6 38.6
December 34.4 18.9 26.7 33.9 19.5 26.7 34.2 17.9 26.1 34.2 19.2 26.7

Year 56.0 38.3 47.1 56.9 38.5 47.7 57.8 37.3 47.6 56.5 38.5 47.5

8 The monthly average daily maximum temperature and the monthly average daily minimum temperature are obtained by using daily measurements to compile an average for each
month in the indicated period of record; the results are then averaged for all months in the period of record.

b The mean monthly tempeature is the average of the average daily maximum temperature and daily minimum temperature for each month.

CAverage of values for the Kenosha and Racine stations.

Source: National Weather Service and SEWRPC.

areas. Because of this phenomenon, the average
daily minimum temperatures in these topographi
cally low areas, particularly during the summer
months, will be less than those recorded by the
meteorological stations.

Winter temperatures for the watershed, as mea
sured by monthly means for January and February,
are in the range of 210 F to 270 F. Average daily
maximum temperatures within the watershed for
these two winter months vary from 290 F to 330 F,
whereas average daily minimum temperatures are
in the 130 F to 210 F range. A comparison of tem
perature data for the Kenosha and Racine stations
to the east, and the Union Grove station to the
west of the Pike River watershed, suggests that this
basin is positioned so that the eastern edge of the
watershed has lakeshore temperature characteris
tics, whereas the western edge of the basin has
inland· temperature characteristics, as shown in
Table 8 and Figure 8. The Kenosha and Racine
stations, which are located within about one mile
from the Lake Michigan shoreline, exhibit average
daily maximum temperatures during the late spring
and throughout summer that are about 10 F to
40 F lower-because of the cooling effect of Lake
Michigan-than those recorded at the Union Grove
station, which is located about 12 miles from
Lake Michigan.

A comparison of air temperature data for the
Kenosha and Racine stations and Union Grove
station presented in Table 8 and Figure 8 also sug
gests the existence of an "urban heat island effect."
Large Urban complexes have been observed to

exhibit higher air temperatures than surrounding
rural areas. This temperature differential is partly
attributable to the numerous heat sources within
an urban environment. Another factor is the more
gradual loss of this heat to the atmosphere because
of the dense pattern of the urban structures emit
ting the heat in that they radiate heat towards
each other rather than into the open atmosphere
as in rural areas, and because of the presence of
atmospheric contaminants which form a barrier
to nighttime radiation from the earth back to
the atmosphere.

For all months of the year except June and Sep
tember at the Racine station, the average daily
minimum temperatures for the Kenosha and
Racine stations, both located in urbanized areas,
are 1OF to 50 F higher than average daily minimum
temperatures at Union Grove, which is located near
a rural area.

Extreme high and low temperatures for the water
shed, based on 29 years or more of historic
records at observation stations near the basin,
range from a high of about 1030 F to a low of
about - 24of. The growing season, which is defined
as the number of days between the last 320 F frost
in spring and the first freeze in the fall, averages
about 180 days for the watershed. The last 320 F
frost in the spring normally occurs near the end
of April whereas the first freeze in the fall usually
occurs during the latter half of October.

Precipitation: Precipitation within the watershed
takes the form of rain, sleet, hail, and snow, and
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ranges from gentle showers of trace quantities to
destructive thunderstorms, as well as major rainfall·
snowmelt events causing property damage, inunda·
tion of poorly drained areas, and stream flooding.
Existing sewerage system problems such as over·
flows from combined sewers are the direct result
of even small precipitation events. Rainfall events
may also cause separate sanitary sewerage systems
to surcharge and back up into basements and over·
flow into surface watercourses, and may require
sewage treatment plants to bypass large volumes
of partially treated or untreated sewage in excess
of the hydraulic capacity of the plants. Such sur·
charging of separate sanitary sewerage sysems is

caused by the entry of excessive quantities of rain,
snowmelt, and groundwater into the sanitary
sewers via manholes, building sewers, building
downspouts, and foundation drain connections;
and hy infiltration through faulty sewer pipe
joints, manhole structures, and cracked pipes.

Total precipitation as well as snowfall data for
three observation stations near the Pike River
watershed-Kenosha, Racine, and Union Grove
are presented in Table 9 and the location of each
is shown on Map 11. Monthly total precipitation
and snowfall observations for the three stations
are presented graphically in Figure 9. The data
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illustrate the temporal variations in the type and
amount of precipitation that normally occurs
within or near the watershed.

The average annual total precipitation in the water
shed and immediate surroundings, based on
a numerical average of data for the Kenosha and
Racine stations, is 32.3 inches, expressed as water
equivalent, while the average annual snow and
sleet measured as snow and sleet is 45.8 inches.
The average annual total precipitation for the
watershed itself as determined by the Thiessen
Polygon Network method is 32.4 inches, while
the average annual accumulation of snow and sleet
is 46.3 inches.

Average total monthly precipitation for the water
shed, based on the Thiessen Polygon Network
method, ranges from a low of 1.27 inches in
February to a high of 3.89 inches in June. The
principal snowfall months are December, January,
February, and March, when average monthly snow
falls are 10.1, 12.1, 10.2, and 9.5 inches, respec
tively, and during which time 91.0 percent of the
average annual snowfall may be expected to occur.
Snowfall is the predominant form of precipitation,
totaling approximately 60 percent of the total pre
cipitation expressed as water equivalent, during
these months. Approximately 18 inches, or 60 per
cent of the average annual precipitation, normally
occurs during the late April through mid-October
growing season, primarily as rainfall. Assuming that
10 inches of measured snowfall is equivalent to
one inch of water, the average annual snowfall of
46.3 inches is equivalent to 4.6 inches of water,
and therefore only 14 percent of the average
annual total precipitation occurs as snowfall. It
is of interest to note that approximately one-half
of the 32.4 inch average annual precipitation leaves
the watershed as streamflow; the remaining one
half being lost from the watershed primarily
as evapotranspiration.6

A comparison of precipitation data for the
Kenosha and Racine stations to the east of the
Pike River watershed and the Union Grove station
to the west, suggests that the eastern edge of the
watershed experiences higher average seasonal
snow and sleet accumulations than does the
western edge of the basin. As shown in Table 9
and Figure 9, the Kenosha and Racine stations,
which are located within about one mile from
the Lake Michigan shoreline, exhibit average sea
sonal snowfalls of 42.8 inches and 48.7 inches,
respectively, which are higher than that recorded

6 Determined using the hydrologic-hydraulic model
described in Chapter VIII.

at the Union Grove station, which is located about
12 miles from Lake Michigan. The occurrence of
somewhat higher seasonal snowfall amounts along
the Lake Michigan shore is attributed to the avail
ability of more moisture in the air mass imme
diately above the lake.

Based on the tabulated data, annual precipitation
within the watershed and the immediate surround
ings has varied from a low of approximately
17 inches, or about 53 percent of the area aver
age, to a high of approximately 50 inches, or
about 54 percent above the average. Annual sea
sonal snowfall has varied from a low of approxi
mately five inches, or about 11 percent of the area
average, to a high of approximately 109 inches, or
about 135 percent above the average. The maxi
mum monthly precipitation recorded at any of
these three stations is 11.41 inches, recorded at
Waukesha in July of 1952, and the maximum
monthly snowfall is 56 inches, also measured at
Waukesha in January 1918. The maximum 24-hour
rainfall is 5.76 inches as recorded on June 22 and
23, 1917, measured at Milwaukee, while the maxi
mum 24-hour snowfall is 30 inches measured at
Racine on February 19 and 20, 1898.

Extreme precipitation event data through 1976
for·three long-term stations-Milwaukee at Mitchell
Field, Waukesha, and Racine-are presented in
Table 10. Inasmuch as these long-term records are
for stations located reasonably near to the Pike
River watershed, data from these stations may
be considered representative of the extreme
precipitation events that have occurred within
the watershed.

Snow Cover: The likelihood of snow cover and
the depth of snow on the ground not only have
a major effect on winter recreation, but are also
important precipitation-related factors that influ
ence the planning, design, construction, and main
tenance of public utilities. Snow cover, particularly
early in the winter season, significantly influences
the depth and duration of frozen ground, which
in turn affects engineered works involving exten
sive excavation and underground construction.
Accumulated snow depth at a particular time and
place is primarily dependent on antecedent snow
fall, rainfall, and temperature characteristics, and
the amount of solar radiation. Rainfall is relatively
unimportant as a melting agent but can, because of
compaction effects, significantly affect the depth
of snow cover on the ground.

Snow depth as measured at Milwaukee for the
70-year period from 1900 through 1969 and pub
lished in "Snow and Frost in Wisconsin." a 1970
Wisconsin Statistical Reporting Service report, is
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Table 9

PRECIPITATION CHARACTERISTICS AT SELECTED LOCATIONS NEAR THE PIKE RIVER WATERSHED

Watershed Summarv
Location Average Based

Kenoshll Racine Union Grove on the Thiessen

Average Average Average Average Average
PolY90n Method

Total Snow and Total Snow and Total Average Average Average S""w
Prl!Cipitation SlN' Precipitation Sleet Precipitation Snow al1d Total Snow and Total "'"Month (1945-1978) '1960-1977) 11940-19771 11957-1977) 11945-1977) 51"1

8 Precipitation Sleetb PrecipitatiOn SlN'

January 1.53 11.10 1.87 13.21 1.39 8.44 1.70 12.16 1.71 12.05
FebHlary 1.02 10.00 1.45 10.60 1.17 8.17 1.24 10.30 1.21 10.18
March 2.22 8.20 2.90 10.30 2.39 9.55 2.56 9.25 2.61 9.46
April 3.38 1.80 3.43 1.67 3.22 1.59 3.41 1.74 3.39 1.71

M" 3.19 .. 3.32 .. 3.19 .. 3.26 .. 3.26 . .
June 3.90 .. 3.86 .. 4.10 . . 3.88 .. 3.89 ..
July 3.58 .. J.59 .. 3.56 . . 3.59 .. 3.58 ..
August 3.12 .. 3.19 .. 3.22 . . 3.16 .. 3.17 ..
September 3,24 .. 3.06 .. 3.07 .. 3.15 .. J.13 ..
OCtober 2.26 0.10 2.18 0.34 2.27 0.01 2.22 0.22 2.22 0.22
November 2.09 2.00 2.29 2.22 2.00 2.64 2.19 2.11 2.19 2.17
December 1.78 9.60 2.15 10.39 1.80 10.67 1.97 10.00 1.98 10.12

Yo" 31.31 42.80 33.29 48.73 31.38 41.07 32.33 45.78 32.40 46.33

aSnow and ~/tetdB!BBn not #v~ililble lit Ufl/on Gro"". I he~fo~. IIPprOXimllrions we~ m«lll by tllking proporrioMI ,,~/uesof thll1lV8rilge rotlll pr8Cipit~rion.using the l8ffle proportion

of snow iIfId sleet to tOtB! pmcipirat;on. computBd from mcordttd dlltllll! th8 WiiJUkesha sr"ion whkh n JocatKJ IIPPro}{im~~/y th818ffl8 disrll~ from Lalce Michiglltl.

SourC8: N~tion;n Wllllthllr Service and SEWRPC.
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Table 10

EXTREME PRECIPITATION EVENTS FOR SELECTED
LONG·TERM STATIONS NEAR THE PIKE RIVER WATERSHED

Period of Total Precipitation (water equivalent)

Observation
Precipitation

Maximum Minimum Maximum Maximum
Station

Records Except
Annual Annual Monthly Daily

Where Indicated

Name County Otherwise Amount Year Amount Year Amount Month Year Amount Day Month Year

Milwaukee Milwaukee 1870-1976 50.36
a

1876 18.69
a

1901 10.03 June 1917 5.76
b

22-23 June 1917
Racine Racine 1895-1976 48.33 1954 17.75 1910 10.98 May 1933 4.00 11 September 1933
Waukesha Waukesha 1892-1976 43.57 1938 17.30 1901 11.41 July 1952 5.09 18 July 1952

Snowfall

Observation Maximum Minimum Maximum Maximum

Station Annual Annual Monthly Daily

Name County Amount Year Amount Year Amount Month Year Amount Day Month Year

Milwaukee Milwaukee 109.0
c

1885-1886 11.0
c

1884-1885 52.6 January 1918 20.3
d

4-5 February 1924

Racine Racine 85.0 1897-1898 5.0
e

1901-1902 38.0 February 1898 30.0
d

19-20 February 1898

Waukesha Waukesha 83.0e
1917-1918 9.1 1967-1968 56.0 January 1918 20.0

d
5-6 January 1918

a Based on the period 1841-1976_

b Maximum precipitation for a 24-hour period.

C Maximum and minimum snowfalls for a winter season.

d Maximum snowfall for a 24-hour period.

e Estimated from incomplete records_

Source: National Weather Service, Wisconsin Statistical Reporting Service, and SEWRPC.

summarized and presented in Table 11. It should
be emphasized that the tabulated data pertain to
snow depth on the ground as measured at the
place and time of observation, and are not a direct
measure of average snowfall. Recognizing that
snowfall and temperatures, and therefore snow
accumulation on the ground, vary spatially within
the watershed, the Milwaukee area data presented
in Table 11 should be considered only as an
approximation of conditions throughout the
watershed. As indicated by the data, snow cover
is most likely during the months of December,
January, and February, during which at least
a 0.39 probability exists of having one inch or
more of snow cover at Milwaukee. Furthermore,
during January and the first half of February, at
least a 0.24 probability exists of having five or
more inches of snow on the ground. During March,
the month in which severe spring snowmelt-rainfall
flood events are most likely to occur, at least
a 0.33 probability exists of having one inch or
more of snow on the ground during the first half

of the month, while the probability of having that
much snow cover diminishes to 0.07 by the end
of the month.

The aforementioned table facilitates an estimation
of the probability that a given snow cover will
exist or be exceeded at any given time, and shOUld,
therefore, be useful in planning winter outdoor
work and construction activities as well as in esti
mating runoff for hydrologic purposes. There is,
for example, only a 0.07 probability of having one
or more inches of snow cover on November 15 of
any year, whereas there is a much higher prob
ability, 0.61, of having that much snow cover on
January 15.

Frost Depth: Ground frost or frozen ground refers
to that condition in which the ground contains
variable amounts of water in the form of ice. Frost
influences hydrologic processes, particularly the
proportion of rainfall or snowmelt that will run
off the land directly to sewerage systems and to
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Table 11

SNOW COVER PROBABILITIES AT MILWAUKEE BASED ON DATA FOR THE PERIOD 1900-1970

Snow Covera

1.0 Inch or More 5.0 Inches or More 10.0 Inches or More 15.0 Inches or More Average

Number Probability
linchesl

Number Probability Number Probability Number Prooability
Date

of of of of of of of of Per

Month Day Occurrences
b

Occurrence
c Occurrencesb Occurrencec Occurrencesb Occurrencec Occu frencesb Occurrencec Occurrenced Overa\le

November 15 5 0.07 0 0.00 0 0.00 0 0.00 1.2 0.09
30 12 0.17 1 0.01 1 0.01 0 0.00 2.8 0.49

December )5 33 0.47 10 0.14 0 0.00 0 0.00 3.3 1.54
31 32 0.46 9 0.13 1 0.01 0 0.00 3.6 1.66

January 15 43 0.61 17 0.24 4 0.06 2 0.03 4.9 2.94
31 48 0.69 22 0.31 9 0.13 4 0.06 6.2 4.26

February 15 44 0.63 23 0.33 7 0.10 3 0.04 6.0 3.69
28 27 0.39 8 0.11 3 0.04 1 0.01 4.5 1.69

March 15 23 0.33 6 0.09 4 0.06 0 0.00 3.9 1.21
31 5 0.07 1 0.01 1 0.01 0 0.00 3.4 0.24

a Data pertains to snow depth on the ground as it was measured at the time and place of observation, and is not a direct measure of average snowfall.

b Number of occurrences is the number of times during the 70 year period of record when measurements rel/ealed that the indicated snow depth was equaled or exceeded on the indi

cated date.

c Probability of Occurrence of a given snow depth and date is computed by dividing the number of occurrences by 70, and is defined as the probability that the indicated snow cover
will be reached or exceeded on the indicated date.

d Average snow cover per occurrence is defined as the sum of all snow cover measurements in inches for the indicated date divided by the number of occurrences for that date; that is,
the number of times in which 1.0 inch Or more of snow cover was recorded.

e Overall average snow cover is defined as the sum of all snow cover measurements in inches for the indicated date divided by 70; that is, the number of observation times.

Source: Wisconsin Statistical Reporting Service, "Snow and Frost in Wisconsin," June 1970.

surface watercourses in contrast to that which will
enter and be temporarily detained in the soil. Anti
cipated frost conditions influence the design of
engineered works in that structures and facilities
are designed either to prevent the accumulation of
water and, therefore, the formation of damaging
frost as in the case of pavements and retaining
walls, or the structures and facilities are designed
to be partially or completely located below the
frost susceptible zone in the soil, as in the case of
foundations and water mains. For example, in
order to avoid or minimize the danger of structural
damage, foundation footings must be placed at
a sufficient depth in the ground to be below that
zone in which the soil may be expected to con
tract, expand or shift due to frost actions. A similar
consideration exists in the design and construction
of sanitary sewers.

Snow cover is a primary determinant of the depth
of frost penetration and of the duration of frozen
ground. The thermal conductivity of snow cover
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is less than one-fifth that of moist soil, so that heat
loss from the soil to the cold atmosphere is greatly
inhibited by an insulating snow cover. An early,
major snowfall that is retained on the ground as
a substantial snow cover will inhibit or prevent
frost development in unfrozen ground and may
even result in a reduction or elimination of frost
in already frozen ground. If an early, significant
snow cover is maintained by additional regular
snowfall throughout the winter season, frozen
ground may not develop at allor, at most, a rela
tively small frost penetration will occur. Frost
depth is also dependent on vegetal cover and soil
type. Assuming similar soil types, for example,
frost will penetrate more deeply into bare, unpro
tected soil than into soil covered with an insulating
layer of sod.

Frost conditions for the Region are available on
a bi-monthly basis for the months of November
to April as shown in Table 12 and are based upon
data for an eight-year period of record extending



Table 12'

AVERAGE FROST DEPTH IN THE PIKE RIVER
WATERSHED NOVEMBER TO APRILa

Month Nominal Frost
and Day Depth (inches)

November 30 1
December 15 3
December 31 3
January 15. 9
January 31 . 12
February 15 . 15
February 28 . 15
March 15. 12
March 31 . 6
April 15 1

aBased on 1960-1968 frost depth data for cemeteries as reported
by funeral directors and cemetery officials. Since cemeteries have
soils that are overlain by an insulating layer of turf, the frost
depths should be considered as minimum values.

Source: Wisconsin Statistical Reporting Service, "Snow and Frost
in Wisconsin," June 1970.

from 1961 through 1968, as set forth in the report
"Snow and Frost in Wisconsin," published in 1970
by the Wisconsin Statistical Reporting Service.
These data are provided for representative loca
tions on a weekly basis by funeral directors and
cemetery officials. Since cemetery soils are nor
mally overlain by an insulating layer of turf, the
frost depths shown in Table 12 should be con
sidered minimum values. Frost depths in excess
of four feet have been observed in southeastern
Wisconsin. During the period that frost depth
observations have been made in southeastern Wis
consin, one of the deepest regionwide frost pene
trations occurred in early March 1963, when 25 to
30 inches of frost occurred throughout the plan
ning region. Frost depths of over three feet were
observed throughout the Region in January and
February of 1977. The Milwaukee and West Allis
City Engineers reported over five feet of frost
beneath some city streets in January and February
of 1977.

The data indicate that frozen ground is likely to
exist throughout the watershed for approximately
four months each winter season, extending from
late November through March, with more than six
inches of frost normally occurring during January,
February, and the first half of March. Historical

data indicate that the most severe frost conditions
normally occur in Februmy, when 15 or more
inches may be expected.

Evaporation: Evaporation is the natural process
in which water is transformed from the liquid or
solid state to the vapor state and returned to the
atmosphere. Total evaporation includes evapora
tion from water and snow surfaces and directly
from the soil, and also includes evaporation of
precipitation intercepted on or transpired by vege
tation. The magnitude and annual variation in
evaporation from water surfaces and the relation
of the evaporation to precipitation is important
because of the key role of this process in the
hydrologic cycle of the Pike River watershed.

Limited pan evaporation data available for the
watershed and environs average about 29 inches
annually, with about 24 inches occurring during
the period May through October. During this
period, pan evaporation exceeds precipitation. Pan
evaporation, however, is not indicative of total
evaporation in the watershed because the area of
surface waters in the watershed is much smaller
than the total watershed area.

Wind: Prevailing winds in the Region follow
a clockwise pattern in terms of the prevailing
direction over the seasons of the year, being north
westerly in the late fall and winter, northeasterly
in the spring, and southwesterly in the summer and
early fall. Wind velocities in the Pike River water
shed may be expected to be less than five miles per
hour about 15 percent of the time, between 5 and
15 miles per hour about 60 percent of the time,
and in excess of 15 miles per hour about 25 per
cent of the time.

Daylight and Sky Cover: The annual variation in
the time of sunrise and sunset and the daily hours
of sunlight for the watershed are presented in
Figure 10. Expected sky cover information, in
the form of the expected percent of clear, partly
cloudy, and cloudy days each month, also is
summarized in Figure 10. These daylight and
sky cover data have some value in planning out
door construction and maintenance work, and
are also useful in analyzing and explaining diurnal
changes in observed surface water quality. For
example, marked changes in measured stream dis
solved oxygen levels are normally correlated with
the transition from daytime to nighttime condi
tions, when photosynthetic oxygen production
by algae and aquatic plants is replaced by oxygen
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Figure 10

SUNRISE, SUNSET, AND SKY COVER IN THE PIKE RIVER WATERSHED
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Source: Adapted by SEWRPC from National Weather and U. S. Naval Observatory Data.

utilization through respiration by those algae and
aquatic plants. As illustrated in Figure 10, the
duration of daylight ranges from a minimum of
9.0 hours on about December 22, the winter
solstice, to a maximum of 15.4 hours on about
June 21, the summer solstice.

Mean monthly sky cover for the sunrise to sunset
period varies somewhat during the year. The
smallest amount of daytime sky cover may be

expected to occur during the four-month July
through October period, when the mean monthly
sky cover is at or slightly above 0.5. Clouds or
other obscuring phenomena are most prevalent
during the five months of November through
March, when the mean monthly daytime sky
cover is, about 0.7. The tendency for maximum
average sky cover to occur in the winter and
for minimum average sky cover to occur in the
summer is also illustrated by examining the
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Map 12

TOPOGRAPHIC CHARACTERISTICS OF THE PIKE RIVER WATERSHEO
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expected relative number ,of days classified as
clear, partly cloudy, and cloudy for months in
each of those seasons. During the summer months,
as shown in Figure 10, about one-third of the
days may be expected to be categorized as clear,
one-third as partly cloudy, and one-third as cloudy.
Greater sky cover occurs in the winter, however,
when over one-half of the days are classified as
cloudy, with the remainder being approximately
equally divided between partly cloudy and clear.

Physiography
The 51.54-square-mile Pike River watershed is an
irregularly shaped basin with its major axis
oriented in an approximately north-south direc
tion. Its length-measured from the north to the
south extremity of the basin-is approximately
13.3 miles, and its maximum width, which occurs
approximately midway between the north and
south extremities of the basin, is about 5.6 miles.

Topographic and Physiographic Features: Water
shed topography or variation in elevation, is shown
on Map 12. Watershed physiographic features, or
surficial land forms, have been determined largely
by the underlying bedrock and the overlying glaqial
deposits of the watershed. The Niagara cuesta on
which the watershed lies is a gently eastward slop
ing bedrock surface. The topography in this section
is asymmetrical as shown on Map 12, with the
eastern border of the watershed being generally
lower in elevation-about 80 to 170 feet-than the
western border. Glacial deposits overlying the
bedrock formations form the surface topography
of the watershed consisting primarily of gently
sloping ground moraine-heterogeneous material
deposited on the glacial ice. Surface elevations
within the watershed range from a high of approxi
mately 780 feet above National Geodetic Vertical
Datum (mean sea level datum) at the border of the
watershed west of the Village of Sturtevant to
approximately 590 feet above National Geodetic
Vertical Datum at the mouth, a maximum relief
of 190 feet. The areas of greatest local relief are
located in the eastern half of the watershed.

Topography is an important consideration in
watershed planning since it is one of the most
important factors determining the hydrologic
response of a watershed to rainfall and rainfall
snowmelt events, and since topographic consid
erations enter into the selection of sites and routes
for public utilities and facilities such as sewerage
and water supply systems, flood control facilities,
and highways. Large-scale topographic mapping at
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a scale of 1" = 200' with a two-foot contour inter
val prepared to SEWRPC s"andards is available for
the entire watershed. The mapping was prepared
by Alster and Associates, Incorporated, beginning
in 1966 and ending in 1979, for SEWRPC, Racine
and Kenosha Counties, the Town of Somers, and
the City of Kenosha. The above mapping, together
with 1" = 400' scale aerial photographs were used
extensively in the watershed planning process and
should be equally valuable during implementation
of the Pike River watershed plan.

Surface Drainage: The Pike River watershed drains
in northerly, southerly, and easterly directions,
discharging· to Lake Michigan. Surface drainage
within the watershed is diverse with respect to
channel cross-sectional shape, channel slope, degree
of stream sinuosity, and floodland shape and width.
The heterogeneous character of the surface drain
age system is due partly to the natural effects of
glaciation superimposed on the bedrock and partly
due to channel modifications and other results of
urbanization in the basin.

The Pike River begins its 18.39-mile route to Lake
Michigan from its origin near the intersection of
Airline Road and CTH C in the northwest one
quarter of Section 10, Township 3 North, Range 22
East, in the Town of Mt. Pleasant. From its source,
the river flows in a generally easterly direction for
about one mile before turning south and flowing
to Petrifying Springs Park in the Town of Somers
in Kenosha County. From there, the river flows in
a generally easterly direction to approximately one
mile from the Lake Michigan shoreline, where it
turns south and flows to its confluence with Lake
Michigan. The Pike River acts as an estuary of
Lake Michigan from its mouth to the lagoon
located on the Carthage College Campus, a dis
tance of about 1.4 miles. Pike Creek, the largest
tributary to the Pike River, begins its 5.28-mile
route to the Pike River from its point of origin
near the intersection of the Chicago & North
Western Railway and STH 158 in the northwest
one-quarter of Section 33, Township 2 North,
Range 22 East, in the Town of Somers. From there
it flows in a north-northeasterly direction to its
confluence with the Pike River in Petrifying Springs
Park. Several other streams are tributary to the
Pike. River, including Bartlett Branch, Waxdale
Creek, Chicory Creek, Lamparek Ditch, Sorenson
Creek, School Tributary, and Somers Branch, all
as shown on Map 3. The lengths of all perennial
streams along with other detailed information are
shown in Table 17.



Geology 7

The geology of the Pike River watershed is a com
plex system of various layers and ages of rock
formations. The type and extent of the various
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, eroded prior
to being buried by a blanket of glacial deposits
consisting of unconsolidated sand, silt, clay, gravel,
and boulders. The bedrock formations underlying
the Pike River watershed consist of, in ascending
order, predominantly crystalline rocks of the Pre
cambrian Era, Cambrian through Silurian Period
sedimentary rocks of the Paleozoic Era, and uncon
solidated surficial deposits. Only the glacial deposits
are exposed in the watershed, there being no
known bedrock outcrops in the basin.

Table 13, which summarizes the stratigraphy of
the Pike River watershed, indicates that the uncon
solidated surficial deposits have a thickness of
100 to 250 feet and that the underlying dolomite,
shale, and sandstone bedrock attains a combined
thickness in excess of 1,900 feet. Bedrock layers
slope downward in an easterly direction at about
15 feet per mile (about 0.28 foot per 100 feet).
The relationship between the geologic units and
the three aquifer systems underlying the watershed
is also set forth in Table 13.

Precambrian Rock Units: Precambrian crystalline
rocks thousands of feet thick form the basement
on which younger rocks were deposited. Little is
known of their origin, but in wells near the water
shed that. reach the Precambrian basement, the
rock types include quartzite and granite. The Pre
cambrian rocks were extensively eroded to an
uneven surface before the overlying sedimentary
formations were deposited. Layered sedimentary
rocks overlying the Precambrian rocks consist
primarily of sandstone, shale, and dolomite.
These rocks were deposited during the Cambrian,
Ordovician, and Silurian geologic time periods,
in seas that covered much of the present North
American continent.

Cambrian Rock Units: Cambrian rocks in the water
shed are primarily sandstone, but contain some
siltstone, dolomite, and shale. The most dominant
Cambrian rock units are the two lowermost units,
the Mount Simon sandstone, which was deposited
on the Precambrian surface, and the Eau Claire
sandstone. The other Cambrian rock units in the
watershed are the Galesville and Franconian undif-

ferentiated sandstones and the Trempealeau dolo
mite formation, which are younger than the Mount
Simon and Eau Claire sandstones. All five Cam
brian rock units are present throughout the water
shed. The Eau Claire sandstone has a thickness

7 This summary of watershed geology is based on
data and information presented in the following
published reports:

• William J. Drescher, Frederick C. Dreher,
and Paul N. Brown, "Water Resources of the
Milwaukee Area, Wisconsin," U. S. Geologi
cal Survey Circular 247, Washington, D. C.,
1953,42 pp.

• F. C. Foley, W. C. Walton, and W. J. Drescher,
"Ground-Water Conditions in the Milwaukee
Waukesha Area, Wisconsin," U. S. Geological
Survey Water-Supply Paper 1229, Washing
ton, D. C., 1953, 96 pp.

• J. H. Green and R. D. Hutchinson, "Ground
Water Pumpage and Water Level Changes in
the Milwaukee-Waukesha Area, Wisconsin,
1950-61," U. S. Geological Survey Water
Supply Paper 1809-1, Washington, D. C.,
1965, 19 pp.

• Martha J. Ketelle, "Hydrogeologic Consid
erations in Liquid Waste Disposal, With
a Case Study in Southeastern Wisconsin,"
SEWRPC Technical Record, Vol. 3, No.3,
September 1971, 39 pp.

• Earl L. Skinner and Ronald G. Borman,
"Water Resources of Wisconsin-Lake Michi
gan Basin," Hydrologic Investigations Atlas
HA-432, U. S. Geological Survey, Washing
ton, D. C., 1973.

• u. S. Geological Survey, Wisconsin Geo
logical and Natural History Survey, and
SEWRPC, Digital Computer Model of the
Sandstone Aquifer in Southeastern Wiscon
sin, April 1976, 42 pp.

• R. D. Hutchinson, "Water Resources of
Racine and Kenosha Counties, Southeastern
Wisconsin," U. S. Geological Survey Water
Supply Paper 1878, Washington, D. C., 1970,
63pp.
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Table 13

STRATIGRAPHY OF THE PIKE RIVER WATERSHED

Nominal Thickness
Geologic or Th ickness Dominant Hydrologic

System Unita Range (feet) Lithology Unitb

Quaternary Holocene and 100-250 Clay, silt, sand, and Sand and gravel

Pleistocene Deposits gravel and bou Iders aquifers
(unconfined)

Possibly locally
stratified

Silurian Dolomite Undifferentiated 150-300 Dolomite Dolomite Aquifer
(unconfined)

Ordovician Maquoketa Shale 200 Shale Confining bed

Undifferentiated

Galena Dolomite, Decorah 300 Dolomite
Formation, and Platteville Sandstone

Formation, Undifferentiated

St. Peter Sandstone 100-150 Sandstone

Cambrian Trempealeau Formation 50-150 Dolomite - -

Galesville and Franconian 200-250 Sandstone
Sandstone, Undifferentiated

Eau Claire Sandstone 350 Sandstone, siltstone

and shale

Mount Simon Sandstone 600 + Sandstone

Precambrian Undifferentiated (thousands of feet) Crystalline rocks --
including granite

and quartzite

aEach geologic unit underlies or covers the entire watershed with the exception of holocene deposits which are found only in topographically

low areas such as in streams and marshes.

b The combination of the unconfined sand and gravel and dolomite aquifers is sometimes referred to as the shallow aquifer whereas the con
fined sandstone aquifer is sometimes referred to as the deep aquifer.

Source: U. S. Geological Survey and SEWRPC.

of about 350 feet, whereas the Mount Simon
sandstone has a thickness in excess of 600 feet,
with the total thickness being unknown because
of the absence of fully penetrating wells or other
bore holes.

Ordovician Rock Units: Ordovician rocks in the
watershed consist of sandstone, dolomite, and
shale. The St. Peter sandstone, which was deposited
on an erosion surface cut into the underlying
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Cambrian formation, has a thickness of between
100 and 150 feet over the watershed. The Platte
ville formation, Decorah formation, and Galena
dolomite, which were deposited in succession
on top of the St. Peter sandstone but are not
differentiated in the watershed, have a combined
thickness of approximately 300 feet. Above these
is the relatively impermeable Maquoketa shale,
which has a thickness of about 200 feet through
out the watershed.



Silurian Rock Units: Silurian rocks consisting/of
undifferentiated dolomite strata and having a thick
ness of between 150 and 300 feet overlie the
Maquoketa shale. They form the bedrock beneath
the glacial deposits in all of the watershed. As
shown on Map 13, which depicts the topography
of the surface of the bedrock, the Silurian dolo
mite was eroded prior to deposition of the glacial
till so as to exhibit an overall downward slope
which generally follows the present drainage pat
tern of the watershed.

Quaternary 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
last covered the wastershed about 11 ,000 years
ago. The deposits can be classified according to
their origin into till and stratified drift. .Till,
a heterogeneous mixture of day, silt, sand, gravel,
and boulders, was deposited from ice without the
sorting action of water. Most of the watershed is
overlain by till in the form of ground moraine.
Stratified drift consists primarily of sand and gravel
that were sorted and deposited as outwash of
glacial meltwater. Local deposits of stratified drift
may exist in the watershed in the form of sand and
gravel. As shown on Map 14, the thickness of the
unconsolidated deposits in the Pike River water
shed is variable, ranging from 100 to 250 feet.

Holocene materials consist of recent alluvium and
marsh deposits. They occur only along streams and
in marshy areas and constitute a very small fraction
of the unconsolidated deposits covering the water
shed land surface.

Abandoned Sand and Gravel Pits and Quarries:
Inactive sand and gravel pits and dolomite quar
ries, and more particularly the excavations left
as a result of the mining operations, have the
potential to serve a variety of needs in the ever
expanding urban area. The depressions may serve
initially as solid waste disposal sites and, upon
filling, serve residential, commercial, or industrial
land uses. Lakes and ponds developed in the
depressions left by sand, gravel, and dolomite
operations could complement contiguous public
recreational areas or private residential, commer
cial, or industrial development. Those depressions
that are in an urban setting may also serve as storm
water detention ponds. Carefully selected inactive
sand and gravel pits and dolomite quarries could
also be preserved, in whole or in part, as scientific
sites, oriented to the study of glacial and bedrock
geology, or as historic sites intended to inform

visitors of the commercial activities of early inhabi
tants. There are no active sand and gravel pits or
dolomite quarries in the Pike River watershed.
There are only six small, abandoned sand and
gravel pits in the watershed, all located near the
Village of Elmwood Park.

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

Soil forming factors, particularly topography and
the nature of the parent glacial materials, exhibit
wide spatial variations in southeastern Wisconsin,
and therefore hundreds of different soil types have
developed within the Pike River watershed and the
Region. In order to assess the significance of these
unusually diverse soil types to sound regional
development, the Commission in 1963 negotiated
a cooperative agreement with the U. S. Soil Con
servation Service under which detailed operational
soil surveys were completed for most of the
Region. The results of the soil survey 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 soils within
the Region in great detail and provided data on the
physical, chemical, and biological properties of the
soils, but has also provided interpretations of the
soil properties for planning, engineering, agricul
tural, and resource conservation purposes. Detailed
soils data are available for the entire area of the
Pike River watershed. The detailed soils data were
utilized in the watershed planning program in the
hydrologic modeling, the identification of areas
having limitations for urban development utilizing
onsite waste disposal systems and for development
utilizing public sanitary sewer service, the iden
tification of prime agricultural lands, and delinea
tion of primary environmental corridors.

Vegetation
Watershed vegetation at any given time is deter
mined by, or is the result of, a variety of factors
including climate, topography, occurrence of fire,
soil characteristics. proximity of bedrock, drainage
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Map 13

TOPOGRAPHY OF THE SURFACE OF THE BEDROCK IN THE PIKE RIVER WA.TERSHED
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Map 14

THICKNESS OF GLACIAL DEPOSITS IN THE PIKE RIVER WATERSHED
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The thickness of the glacial deposits which form the

surface of the watershed and which are composed of
clay. silt. sand, gravel, and boulders has been measured
throughout the basin. Thickness varies from a low of

about 100 feet, which occurs near the northern and

eastern boundaries of the watershed, to a maximum of
about 250 feet, which occurs in the southwestern por
tion of the watershed approximately one mile north
of the Kenosha Municipal Airport. The thickness of
glacial deposits is an important factor in the planning
for and design of subsurface utilities and facilities
because the thickness determines whether such facili
ties will be constructed above or within the under

lying bedrock.

55



features, and, of course, the activities of man. Due
to the temporal and spatial variability of these
influencing factors and the sensitivity of vegetation
to most of them, the watershed's vegetation has
been a changing mosaic of different types.

The terrestrial vegetation in the watershed occupies
sites which may be subdivided into two broad land
classifications: wetland and woodland. Wetlands
are defined as areas that are inundated or saturated
by surface or groundwater at a frequency and with
a duration sufficient to support, and that under
normal circumstances do support, a prevalence of
vegetation typically adopted for life in saturated
soil conditions and may represent a variety of
stages in the natural filling of lake and pond basins
as well as floodplain areas. Woodlands are defined
as lands at least 20 acres in area which are covered
by a dense, concentrated stand of trees and asso
ciated undergrowth.

The location, extent, type, and quality of wetland
and woodland areas are key determinants of the
watershed's environmental quality. Such areas can,
for example, support a variety of outdoor recrea
tional activities. They offer aesthetic values, includ
ing a contribution to the beauty and visual diversity
of the environment and the potential for function
ing as visual and acoustic shields or barriers. Such
areas and the vegetation contained within them
serve important ecological functions, since they
are typically-on a unit area basis-the biologically
most productive areas of the watershed; provide
continuous wildlife range and sanctuary for native
biota; and help to maintain surface water quality
by functioning as sediment and nutrient traps.
Finally, certain woodland and wetland areas can
be excellent outdoor laboratories for educational
and research activities.

Presettlement Prairies, Woodlands, and Wetlands:
Prior to the arrival of European settlers, the vegeta
tion of the watershed was predominantly prairie,
oak savannah, mesic forest, and marsh and sedge
meadow. The prairies were composed of a variety
of grasses such as Indian grass, big bluestem, and
prairie dropseed, with a variety of forb species such
as prairie dock, lead plant, blazing star, and prairie
bush clover. The oak savannah or oak opening was
characterized by a parklike groundlayer of the
drier prairie species such as little bluestem grass,
side-oats gramma grass, prairie coreopsis, false
boneset, purple prairie clover, and pasqueflower
with scattered bur oak trees. The lower reaches of
the Pike River watershed and the lands adjacent to
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the Sorenson Creek were characterized by mesic
or moderately moist, for\.,st composed of a variety
of upland deciduous hardwoods such as sugar
maple, basswood, red oak, and slippery elm. The
headwater portions of Pike Creek contained marsh
and sedge meadow which were composed of cat
tail, sedges, bluejoint grass, and cord grass.

The presettlement distribution pattern of plant
communities in the Pike River watershed can be
represented by five generalized categories as shown
on Map 15. The map is based on information
gathered as part of the U. S. Public Land Survey
conducted within the watershed just prior to settle
ment of the watershed by Europeans in the 1830's.
For example, a land surveyor's field notebook con
tains the following description of Township 2
North, Range 23 East-the watershed portion of
which now contains the lower reaches of the Pike
River: "This small fraction is of very good soil and
timber, thoroughly watered by the Pike River."

These nates also provide the following description
of Township 3 North, Range 22 East-the water
shed portion of which now contains the Village of
Sturtevant, Town of Mt. Pleasant, and parts of the
City of Racine: "Nearly all good rolling prairie."

Based primarily on these and other U. S. Public
Land Survey records, the five generalized cate
gories of presettlement vegetation shown on
Map 15 consisted of the following nine terrestrial
and wetland plant community types with the
prairie encompassing about 66 percent of the
watershed area:

1. Dry upland forests as indicated by the pres
ence of the more xeric, or dry, oaks includ
ing black and white oaks like the remnants
now found in Campbell's or Fink's Hard
woods, located in the Town of Mt. Pleasant.
Many of these dry upland forests located
within the watershed may have been former
oak openings on thin soils or dry slopes.

2. Dry-mesic upland hardwood forest similar
to that now found in the Sander's Park
State Scientific Area located in the Town
of Mt. Pleasant.

3. Mesic upland hardwood forest containing
sugar maple and basswood similar to that
now found in hardwoods in Petrifying
Springs Park located in the Town of Somers.



4. Small lowland zones of wet to wet-mesic
hardwood forest containing American elm,
silver maple, and green ash like that which
still exists along the lower reaches of the
Pike Creek at the Hawthorn Hollow Sanc
tuary in the Town of Somers.

5. Oak openings containing scattered bur oaks
with a parklike ground layer which are no
longer found within the watershed.

6. Prairies containing prairie dock, blazing star,
compass plant, and big bluestem grass which
are presently limited to the railroad rights
of-way similar to the Truesdell Prairie rem
nant located in the Town of Pleasant Prairie.

7. Small lowland areas of shrub carr containing
red osier dogwood, willows, and other
shrubs similar to that now found in the wet
land south of the Truesdell marsh located in
the Town of Pleasant Prairie.

8. Small lowland zones of southern sedge
meadow like that now found in the wetland
adjacent to the Sunnyside Acres Subdivision
in the Town of Mt. Pleasant.

9. Small lowland zones of shallow marsh like
that now found in the Truesdell marsh
located in the Town of Pleasant Prairie.

The dry, dry-mesic, and mesic upland forests fall
within the broad category of woodlands whereas
the remaining four plant community types which
still remain in the watershed-wet to wet-mesic
hardwood forest, shallow marsh, southern sedge
meadow, and shrub carr-may be categorized
as wetlands.

Inventories, including onsite field inspection, of
the remaining natural areas which contain examples
of the presettlement landscape within the Pike
River watershed were conducted by the Wisconsin
Department of Natural Resources, Scientific Areas
Preservation Council staff in 1973 for Kenosha,
Racine, and Walworth Counties and again in 1976
for the coastal zone along Lake Michigan. In addi
tion, the Commission staff conducted a systematic
review of its files, the literature, and the 1975
large-scale aerial photography of the watershed
as well as a poll of area biologists and resource
managers to determine if any additional natural
areas were located within the watershed. The find
ings of this natural area inventory effort are sum
marized below.

A total of two natural areas not already protected
through public ownership encompassing 88 acres,
or less than 0.3 percent of the total area of the
watershed, and two natural areas presently pro
tected by public ownership encompassing 95 acres,
or less than 0.3 percent of the total area of the
watershed, were identified and rated as shown on
Map 16 and in Table 14. Based on the current con
dition each natural area was classified into one of
the following four categories:

1. State Scientific Areas-State Scientific Areas
are defined as those natural areas, geological
sites, or archaeological sites identified as
being of at least statewide significance and
which have been so designated by the Wis
consin Department of Natural Resources,
Scientific Areas Preservation Council.

2. Natural Areas of Statewide or Greater Sig
nificance-Natural areas of statewide or
greater significance are defined as those
natural areas which have not been signifi
cantly modified by man's activity, or have
sufficiently recovered from the effects of
such activity, so as to contain nearly intact
native plant and animal communities which
are believed to be representative of the pre
settlement landscape, but which have not as
yet been classified as State Scientific Areas.

3. Natural Areas of Countywide or Regional
Significance-Natural areas of countywide
or regional significance are defined as those
natural areas which have been slightly modi
fied by man's activities or which have insuf
ficiently recovered from the effects of such
activity but still contain good examples of
native plant and animal communities repre
sentative of the presettlement landscape.
These natural areas are of lesser significance
because the degree of their quality is less
than what would be defined as ecologically
ideal and there is evidence of past or present
disturbances such as logging, grazing, water
level changes as a result of ditching or filling,
or pollution; the area may contain very
common plant or animal community types
in the Region, in which case only the best
examples would qualify for state scientific
area recognition; or the area may be of insuf
ficient size. These natural areas may serve
local communities as educational sites, pas
sive recreation areas, and ecological zones
which lend a degree of naturalness to their
surroundings. In addition, these natural areas,
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Map 15

PRESETTLEMENT VEGETATION IN THE PIKE RIVER WATERSHFD
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Map 16

KNOWN NATURAL AREAS IN THE PIKE RIVER WATERSHED: 1980
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protected through public ownership. and twO natural
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within the watershed. To the extent practicable, these
small remnants of the once extensive and diverse pre
settlement vegetation of the Pike River watershed

should be protected and maintained in an essentially

natural state.
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Table 14

KNOWN NATURAL AREAS IN THE PIKE RIVER WATERSHED: 1980

Location by
Name U. S. Public Land Survey Owner Acreage Code Description

Petrifying Springs T2N, R22 E Kenosha 65 NA-1 A mature mesic hardwood forest
Hardwoods Sections 2 and 11 County containing white oak, red oak,
(Kenosha County) ash, sugar maple, and basswood

Hawthorn Hollow T2N,R22E Private 50 NA-3 A lowland hardwood forest border-
(Kenosha County) Section 10 ing Pike Creek. Area includes

a 1O-acre prairie

Campbell's or Fink's T3N, R22E Private 38 NA-3 An upland hardwood forest

Hardwoods Section 35 dominated by red oak and
(Racine County) shagbark hickory

Sanders Park T3N,R22E Racine 30 SA A rich upland oak forest located on
Hardwood Forest Section 36 County one of Lake Michigan's ancient
(Racine County) terraces. The forest is dominated

by white and red oaks, black walnut,
and white ash. In addition, the forest
contains 89 species of wild flowers
and ferns

Code - SA-State Scientific Area.

NA-1-Natural area of state or greater significance but not presently designated as a State Scientific Area.
NA-2-Natural area of countywide or regional significance.
NA-3-Natural area of local significance.

Source: Wisconsin Department of Natural Resources and SEWRPC.

if protected in an undisturbed condition,
may be expected to increase in value over
time. Therefore, some of these areas may, in
the future, become natural or scientific areas
of statewide significance.

4. Natural Areas of Local Significance-Natural
areas of local significance are defined as
those natural areas which have been signifi
cantly modified by man's activities but have
nevertheless retained a modest amount of
natural cover. Such natural areas are suitable
for local educational use and their exclusion
from a natural area survey would be con
sidered an oversight. Natural areas of local
significance may reflect the patterns of
former vegetation or serve as examples of
the influence of human settlement on vege
tation. These natural areas may also be
expected to increase in value if protected
in an undisturbed condition.
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Classification of an area into one of the foregoing
categories is based upon consideration of the diver
sity of plant and animal species and community
types present; the expected structure and integrity
of the native plant or animal community; the extent
of disturbance from man's activities such as log
ging, grazing, water level changes, and pollution;
the commonness of the plant and animal communi
ties present; any unique natural features within the
area; size of the area; and educational value.

In addition to the type categorization, the natural
areas in the Pike River watershed were classified
by the dominant type or types of vegetation
present in such areas. The nine categories used
above to describe presettlement vegetation were
used to classify the existing vegetation. Based on
the vegetation classification, mesic and dry-mesic
hardwood forest are the most dominant types
of vegetation in the remaining natural areas of
the watershed.



Map 16 indicates that all of the remaining unpro
tected natural areas in the watershed are located
near the Kenosha/Racine County line. Two of the
natural area sites are classified as being of local
significance. Two natural areas are classified as
being of statewide or greater significance, and one,
the Sander's Park Hardwood Forest, has been
designated as a State Scientific Area. In summary,
only small remnants of the once extensive and
diverse presettlement vegetation of the Pike River
watershed still remain. To the extent practicable,
these remnants should be protected and main
tained in an essentially natural state.

Existing Woodlands: Woodlands in the Pike River
watershed presently cover a total combined area
of 758 acres, or approximately 2.3 percent of
the total area of the watershed. Located primarily
along the riverine portions of the watershed, these
woodlands provide an attractive natural resource of
immeasurable value. Not only is the beauty of the
stream system and the topography of the water
shed accentuated by woodlands, but these wood
lands are also essential to the maintenance of the
overall environmental quality of the watershed.

The woodlands of the watershed can be classified
into five forest types: 1) dry hardwoods, 2) dry
mesic hardwoods, 3) mesic hardwoods, 4) wet
mesic hardwoods, and 5) wet hardwoods. The latter
two forest types are wetlands and are considered

in the following section dealing with wetlands. The
location of the remaining dry, dry-mesic, and mesic
hardwood forests located within the Pike River
watershed are shown on Map 17. Natural stands
of trees within the watershed consists largely of
even age mature, or nearly mature, specimens with
insufficient reproduction and saplings to maintain
the stands when the old trees are harvested or die
of disease or age. This lack of young growth is an
unnatural condition brought about by mismanage
ment and is often associated with many years of
extensive grazing by livestock.

From 1963 to 1975, the area devoted to wood
lands within the watershed decreased from 818 to
758 acres, a 7.3 percent loss. Woodlands within the
watershed are thus being lost at a rate of approxi
mately five acres per year. These losses are due
to conversion to urban use, land clearing for agri
cultural use, highway construction, the effects
of diseases such as the dutch elm disease and oak
wilt, and degeneration and neglect. These forces
of destruction may be expected to rapidly and
appreciably reduce the woodland acreage unless
corrective measures are taken. Moreover, the
present rate of loss may be expected to accelerate
rapidly in the foreseeable future unless land man
agement, balanced use, and sustained yield manage
ment are applied. The changes in woodland area
within the watershed since 1963 are shown in
Table 15.

Table 15

WOODLAND AREAS IN THE PIKE RIVER WATERSHED: 1963,1970, AND 1975

Woodland Area Woodland Area Change

1963 1970 1975 1963 to 1975 1970 to 1975

Percent Percent Percent
Township/County Acreage of Total Acreage of Total Acreage of Total Acreage Percent Acreage Percent

Pleasant Prairie .. 19 2 19 3 7 a -12 -63.0 -12 - 63.0
Somers ....... 572 70 527 68 529 70 -43 - 7.5 2 0.4

Kenosha County 591 72 546 71 536 71 - 55 -9.3 -10 - 2.0

Mt. Pleasant .... 227 28 226 29 222 29 5 - 2.2 4 - 2.0

Racine County 227 28 226 29 222 29 5 - 2.2 4 - 2.0

Total 818 100 772 100 758b 100 -60 -7.3 -14 - 2.0

aLess than 1.0 percent.

b Total does not include 80 acres ofpine plantation.

Source: SEWRPC.
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Map 17

WOODLANDS AND WETLANDS IN THE PIKE RIVER WATERSHED: 11175

~urce: SEWRPC.
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Woodlands in the Pike River watershed presently cover
a total combined area of 758 acres, or approximately
2.3 percent of the total area of the watershed. Located
primarily along the riverine portions of the watershed,

these woodlands provide an attractive natural resource
of immeasurable value. Not only is the beauty of the
stream system and the topography of the watershed
accentuated by woodlands. but these woodlands are
also essential to the maintenance of the overall envi
ronmental quality of the watershed. Water and wetland
areas probably provide the singularly most important
landscape features within the watershed and can serve
to enhance all proximate uses. Their contribution
to resource conservation and recreation within the
watershed is immeasurable and they contribute both
directly and indirectly to the watershed's economy.
Recognizing the manV environmental attributes of
wetland areas, continued efforts should be made to
protect this resOurce by discouraging costly-both in
monetary and environmental terms-wetland draining.
filling, and urbanization.
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An increasing demand for woodland areas has
arisen within the watershed especially for such
areas located in and near riverine areas by persons
who wish to live closer to nature. Real estate
interests also have acquired scenic woodland areas
for development and this trend may be expected
to accelerate. Severe damage to wooded areas has
resulted where developers have subdivided wood
land tracts into small urban lots and removed trees
to develop subdivisions. Remaining trees are often
seriously weakened through the loss of a large por
tion of the root system. Woodlands may be sub
stantially preserved during land subdivisions if lots
are made five acres or larger in size and if careful
attention is paid to construction practices as well
as to the subdivision layout and design.

Whether the land values placed on woodlands in
the watershed are economically sound or not,
they do command respect in the current market
place. A large and increasing portion of people
in modern, affluent society, for various tangible
or intangible reasons, are eager to own wooded
land. These reasons include private recreation,
bird and other wildlife watching, hunting, growing
trees as a hobby as well as a business venture, or
merely aesthetic appreciation.

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

Existing Wetlands: Wetlands are defined as areas
that are inundated or saturated by surface or
groundwater at a frequency and with a duration
sufficient to support, and that under normal cir
cumstances do support, a prevalence of vegetation
typically adapted for life in saturated soil condi
tions and may represent a variety of stages in the
natural filling of lake and pond basins as well as

floodplain areas. Wetlands are generally unsuited
for most agricultural uses requiring cultivation.
Wetlands are covered by organic soils, silts, and
marl deposits. Included in the composition of wet
lands are areas covered by various types of semi
terrestrial and emergent aquatic vegetation, the
dominant plant species of which help to further
classify these areas.

Wetlands within the Pike River watershed have
been identified by the Southeastern Wisconsin
Regional Planning Commission and are shown on
Map 17. There are eight major classes of wetlands
within the Pike River watershed. They include
deep and shallow marsh, southern sedge meadow,
shrub carr, fresh (wet) meadow, low prairie, and
southern wet and wet-mesic hardwood forests.

Water and wetland areas probably provide the
singularly most important landscape features
within the watershed and can serve to enhance all
proximate uses. Their contribution to resource
conservation and recreation within the watershed
is immeasurable and they contribute both directly
and indirectly to the watershed's economy. Recog
nizing the many environmental attributes of wet
land areas, continued efforts should be made to
protect this resource by discouraging costly-both
in monetary and environmental terms-wetland
draining, filling, and urbanization. Wetlands have
an important set of common natural functions that
make them ecologically and environmentally valu
able resources. The resource values of wetlands
may be summarized as follows:

1. Wetlands affect the quality of water. Aqua
tic plants change inorganic nutrients such
as phosphorus and nitrogen into organic
material, storing it in their leaves or in the
peat which is composed of plant remains.
The stems, leaves, and roots of these plants
also slow the flow of water through the wet
land, allowing the silt and other sediment
to settle out as well as catching some of
the sediment on themselves. Wetlands, thus,
protect the downstream or offshore water
resources from siltation and pollution.

2. Wetlands also influence the quantity of
water. They act to retain water during dry
periods and to hold it back during wet
weather, thereby stabilizing streamflows and
controlling flooding. At a depth of 11 inches
an acre of marsh is capable of holding
300,000 gallons of water and, thus, helps
protect communities against flooding.
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3. Wetlands which are located around the
shoreland of lakes act to absorb storm
impact thereby protecting the shoreline
from erosion.

4. Wetlands may serve as groundwater recharge
and discharge areas.

5. Wetlands are important resources for overall
ecological health and diversity. They provide
essential breeding, nesting, resting, and feed
ing grounds and provide escape cover for
many forms of fish and wildlife. The water
present in the wetland is also attractive to
upland birds and other animals. These func
tions give wetlands recreational, research,
and educational values; support activities
such as trapping, hunting, and fishing; and
add aesthetic value to the community.

From 1963 to 1975, the area within the water
shed devoted to wetlands decreased from 722 to
665 acres, or by 7.9 percent. Thus, wetlands within
the watershed are presently being lost at the rate
of about five acres per year. Most of the loss in
wetland area has been the result of conversion to
agricultural uses through extensive drainage ditch
ing. Other reclaimed areas have been developed

for urban and recreational uses. The changes in
wetland area within the wdershed since 1963 are
shown in Table 16.

Water Resources
Surface water resources, consisting of streams and
associated floodlands, form the singularly most
important element of the natural resource base of
the watershed. Their contribution to the economic
development, recreational activity, and aesthetic
quality of the watershed is immeasurable. The
groundwater resources of the Pike River watershed
are hydraulically connected to the surface water
resources, inasmuch as they provide the base flow
of streams. The groundwater resources, along with
Lake Michigan, constitute the major sources of
supply for domestic, municipal, and industrial
water users. Indeed, together with the abatement
of flooding, the protection, enhancement, and
proper development of these invaluable water
resources constitute the basis for mounting the
Pike River watershed study.

Surface Water Resources: The surface water
resources of the watershed as identified in 1975
in the form of ponds, lakes, and wetlands-are far
less abundant comparatively than those of the
Region as a whole. The total surface area of the

Table 16

WETLAND AREAS IN THE P!KE RIVER WATERSHED: 1963,1970, AND 1975

Wetland Area Wetland Area Change

1963 1970 1975 1963 to 1975 1970 to 1975

Percent Percent Percent
Township/County Acreage of Total Acreage of Total Acreage of Total Acreage Percent Acreage Percent

Pleasant Prairie .. 13 2 25 4 42 6 29 223.1 17 68.0
Somers ....... 433 60 412 58 366 55 -67 -15.5 -46 -11.2

Kenosha County 446 62 437 62 408 61 - 38 8.5 - 29 6.6

Mt. Pleasant .... 276 38 270 38 257 39 -19 6.9 -13 4.8

Racine County 276 38 270 38 257 39 -19 6.9 -13 4.8

Total 722 100 707 100 665 100 - 57 7.9 -42 5.9

Source: SEWRPC.
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63 ponds within the watershed is approximately
153 acres, or about 0.5 percent of the total water~
shed area, compared to 2.2 percent for the Region
as a whole.8 The watershed is markedly void of
lakes, and except for the six-acre impoundment
in Petrifying Springs County Park, the remaining
surface water area consists of wetlands and peren
nial streams. The total surface area of the few
remaining wetlands within the watershed is about
665 acres, or 2.1 percent of the total watershed
area, compared to 10.5 percent for the Region as
a whole. The lack of large inland lakes and atten
dant recreational opportunities is offset by the
proximity o~ the watershed to Lake Michigan, an
enormous body of fresh water with great recrea
tional potential.

Streams: One of the most interesting, variable, and
occasionally unpredictable features of the water
shed is its river and stream system with its ever
changing, sometimes widely fluctuating, discharges
and stages. The stream system of the watershed
receives a relatively uniform flow of water from
the shallow groundwater reservoir underlying the
watershed. This groundwater discharge constitutes
the baseflow of the streams. Agricultural drain tiles
also contribute to this base flow. The streams also
periodically receive surface water runoff from rain
fall and snowmelt. This runoff, superimposed on
the baseflow, sometimes causes the streams to
leave their channels and occupy the adjacent flood
plains. The volume of water drained annually from
the watershed by the stream system is equivalent
to about 11.29 inches of water spread over the
watershed, amounting to about one-third of the
average annual precipitation.

8 An inventory was conducted of storm water
detention ponds constructed since 1975, which
r(!vealed two such ponds. One .is loc.ated in Sec
tion 15, T3N, R22E, in the Town of Mt. Pleasant
south of STH 20 and west of Willow Road, and
the other is located at the Wood Creek apartment
complex at the intersection of 30th Avenue and
15th Place. All detention ponds considered to
have a significant effect on downstream flood
stages are incorporated into the hydrologic model
of the watershed.

9 Determined using the hydrologic-hydraulic model
described in Chapter VIII.

Perennial streams are defined herein as those
streams which maintain at least a small continuous
flow throughout the year except under unusual
drought conditions. Perennial streams, unlike the
other surface water systems of the watershed, are
as abundant comparatively as those of the Region
and the State as a whole. The total surface area
of the perennial streams within the watershed is
approximately 89 acres, or about 0.3 percent of
the total watershed area, as compared to about
0.02 percent of the Region as a whole. There are
40.65 lineal miles of such perennial streams, as
listed in Table 17.

The Pike River and its tributaries form an integral
part of the major storm water drainage system for
the most rapidly urbanizing areas of Racine and
Kenosha Counties. The river has not been exten
sively channelized, but ditching and drainage of the
land tributary to Pike Creek and to that portion of
the Pike River north of Petrifying Springs County
Park has changed the flow regimen of the River.
The detailed study of portions of the perennial
stream system within the watershed comprises an
important element of the watershed planning
effort, and subsequent chapters of this report will
develop and describe the important interrelation
ships between the stream system and other natural
and man-made elements of the watershed.

Floodlands: The natural floodplain of a river is
a wide, flat to gently sloping area contiguous with
and usually lying on both sides of the channel. The
floodplain, which is normally bounded on its outer
edges by higher topography, is gradually formed
over a long period of time by the river during flood
stage as that river meanders in the floodplain, con
tinuously eroding material from concave banks of
meander loops while depositing it on the convex
banks. A river or stream may be expected to
occupy and flow on its floodplain on the average
of approximately once every two years, and there
fore the floodplain should be considered as an
integral part of a natural stream system.

How much of the natural floodplain will be
occupied by any given flood will depend upon
the severity of that flood, and more particularly,
upon its elevation or stage. Thus, an infinite
number of outer limits of the natural floodplain
may be delineated, each related to a specified flood
recurrence interval. The Southeastern Wisconsin
Regional Planning Commission recommends, there
fore, that the natural floodplains of a river or
stream be more specifically defined as those cor-
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Table 17

PERENNIAL STREAMS IN THE PIKE RIVER WATERSHED

Source by Civil Division or
Perennial Tributary U. S. Public Lengtha Divisions in Which
Stream To Land Survey (miles) Stream is Located

Pike River ............. Lake Michigan T3N, R22E, 15.89 Town of Mt. Pleasant
NW1/4, Section 10 Town of Somers

City of Kenosha
Bartlett Branch ......... Pike River T3N, R22E, 1.42 Town of Mt. Pleasant

SW1/4, Section 11
Waxdale Creek

(Worthington Lateral) ..... Pike River T3N, R22E, 1.95 Town of Mt. Pleasant

NW1/4, Section 21
Chicory Creek .......... Pike River T3N, R22E, 1.89 Town of Mt. Pleasant

SW1/4, Section 28
Lamparek Ditch ......... Pike River T3N, R22E, 2.94 Town of Mt. Pleasant

NE1/4, Section 32
Unnamed Tributary ....... Pike River T2N, R22E, 0.17 Town of Somers

NE1/4, Section 2
Sorenson Creek ......... Pike River T3N, R23E, 3.49 Town of Mt. Pleasant

SW1/4, Section 30 Town of Somers
Nelson Creek. . . . . . . . .. Sorenson Creek T2N, R23E, 0.80 Town of Somers

SE1/4, Section 6 Town of Mt. Pleasant
Pike Creek ............ Pike River T2N, R22E, 5.63 Town of

NE1/4, Section 33 Pleasant Prairie
T own of Somers

School Tributary ........ Pike Creek T2N, R22E, 3.10 Town of Somers

SE1/4, Section 5
Somers Branch. . . . . . . . . Pike Creek T2N, R22E, 2.38 Town of Somers

SW1/4, Section 9
Unnamed Tributary . . . . . . Pike Creek T2N, R22E, 0.63 Town of Somers

NE1/4, Section 20
Unnamed Tributary ...... Pike Creek T2N, R22E, 0.17 Town of Somers

NE1/4, Section 29
Unnamed Tributary ...... Pike Creek T2N, R22E, 0.19 T own of Somers

SE1/4, Section 28

Total -- -- 40.65 --

aTotal perennial stream length as determined from SEWRPC large-scale topographic maps and U. S. Geological Survey quadrangle maps.

Source: SEWRPC.

responding to a flood having a recurrence interval
of 100 years, with the natural floodlands being
defined as consisting of the river channel plus the
100-year floodplain.

A floodway is that designated portion of the regu
latory floodlands required to convey the 100-year
recurrence interval flood discharge. The floodway,
which includes the channel, is that portion of the
floodlands not suited for human habitation. All
fill, structures, and other development that would
impair floodwater conveyance by adversely increas
ing flood stages or velocities, or would itself be
subject to flood damage, should be prohibited
in the floodway.

The floodplain fringe is that portion of the regula
tory floodplain lying outside of the floodway.
Floodwater depths and velocities are small in this
regulatory area relative to the floodway and, there-
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fore, in a developed urban area further develop
ment may be permitted, although restricted and
regulated so as to minimize flood damage. Because
the regulatory floodway may result in increases in
the stage of the regulatory flood relative to that
which would occur under natural conditions, the
floodplain fringe may include at its edges areas that
would not be subject to inundation under natural
conditions, but would be subject to inundation
under regulatory floodway conditions.

The delineation of the natural floodlands in rural
or largely undeveloped watersheds is extremely
important to sound planning and development.
Flood hazard delineations have many practical uses
including identification of areas not well suited
to urban development but possible prime loca
tions for needed park and open space areas, iden
tification of flood hazard areas possibly requiring
structural or nonstructural floodland management



measures, delination of hazard areas for flood
insurance purposes, and provision of stage and
probability data needed to quantify flood damages
in monetary terms.

The problems of flooding and attendant damages
in the Pike River watershed have been a matter
of concern for many years. Several single-purpose
studies have been conducted in an effort to docu
ment the flooding problem of the Pike River water
shed and to delineate its floodlands. One such
study, performed by the Soil Conservation Service
of the U. S. Department of Agriculture~owas made
to provide data for increased public and private
awareness of the need for regulating land use and
development in the floodprone areas. None of these
studies have, however, included the development
of alternative and recommended flood control
plans for the watershed as a whole. It is, therefore,
the purpose of this comprehensive watershed study
to define the precise nature of the existing and
probable future flood control problems of the
watershed, identify the causes of those problems,
propose alternative solutions thereto, and recom
mend the best solution from among the alterna
tives, together with the most effective means for
carrying out that solution.

Existing flood problems can be best described in
terms of information describing reported historic
floods. Such information valuable to problem
definition is presented in Chapter VI. Floodland
management alternatives from which an integrated
water resource management plan for the watershed
can be synthesized are presented in Chapter XII,
which includes a review and evaluation including
the technical, economic, financial, legal, and admin
istrative feasibility and political acceptability of
each alternative. The recommended floodland man
agement element of the comprehensive plan for the
Pike River watershed along with the basis for the
plan synthesis and an analysis of the attendant
costs is presented in Chapter XIV.

10 This study entitled Flood Hazard Study, Pike
River, Racine and Kenosha Counties, Wisconsin,
December 1978, was performed by the Soil Con
servation Service of the U. S. Department of
Agriculture in cooperation with the Wisconsin
Department of Natural Resources, the Racine and
Kenosha County Soil and Water Conservation Dis
tricts, Racine and Kenosha Counties, and the City
of Racine.

Groundwater Resources: The Pike River watershed
is richly endowed with gL'oundwater resources.
In the still rural portions of the watershed, the
domestic water supply is provided by the ground
water reservoir. Public water supply is provided
to the urban areas of the watershed with Lake
Michigan as the source. Gradual discharge from
the groundwater reservoir supplies the baseflow
to the Pike River and its tributaries.

Rock units that yield water in usable amounts
to pumped wells and in important amounts to
lakes and streams are called aquifers. The aquifers
beneath the watershed differ widely in water yield
capabilities and extend to great depths, probably
attaining a thickness in excess of 1,500 feet in por
tions of the watershed. Three major aquifers exist
in the Pike River watershed. These are, in order
from land surface downward: 1) the sand and gravel
deposits in the glacial drift; 2) the shallow dolo
mite strata in the underlying bedrock; and 3) the
Cambrian and Ordovician strata, composed of sand
stone, dolomite, siltstone, and shale. Because of
their relative nearness to the land surface, the first
two aquifers are sometimes called the "shallow
aquifers" and the latter the "deep aquifer." Wells
tapping these aquifers are referred to as shallow
or deep wells, respectively.

The occurrence, distribution, movement, use, and
quality of groundwater resources and their rela
tionship with surface water resources and other
elements of the planning study are discussed in
subsequent chapters of this report.

Fish and Wildlife Resources
Fish and wildlife are desirable because of their
educational and aesthetic value, their importance
in the ecological system, and their enhancement
of certain recreational activities. The location,
extent, and quality of fishery and wildlife areas
and the type of fish and wildlife characteristic
of those areas are, therefore, important determi
nants of the overall quality of the environment in
the watershed.

Fishery: The distribution and abundance of fish in
rivers and streams may be used as an indication of
both short- and long-term changes in water quality
and general instream ecological conditions. There
are several advantages to using fish life as an indica
tor of the water quality and general ecological
health of a stream system. First, fish occupy the
top of the aquatic food chain and their presence,
therefore, implies the presence of many other
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types of plants and animals upon which they
feed. Second, fish live continuously for genera
tions in a water body and, therefore, over time
come to reflect the condition of that water body.
Finally, fish have been well studied; therefore,
accurate identification of species and more com
plete descriptions of their life histories are avail
able than for other aquatic species, permitting
relationships between fish and their environment
to be well assessed.

In using information about the specific population
of fish in a stream system as an indicator of water
quality and ecological conditions, that information
must be compared to information concerning the
natural population of fish in a clean and ecologi
cally sound stream system. Several characteristics
of the fish population of a clean and sound envi
ronment are important in such a comparison.
These characteristics include the presence of fish
species from all parts of the food chain including
the herbivorous or forage fish and several levels
of predator fish; the presence of a high diversity
of species; and a distribution of age classes reflect
ing a viable breeding population. Particular aquatic
habitats should contain representative fish species
e.g., riffle areas should contain some combination
of darters, daces, and certain species of minnows.
The fish species should be spread among the pollu
tion intolerant, tolerant, and very tolerant, with
the intolerant species dominating in the clean
water conditions. Knowing these characteristics
of the natural fish population, which may be
expected to exist in a clean and healthy environ
ment, one may make comparisons with existing
and historic populations and thereby assess the
degree of deviation from the undisturbed native
condition. Thus, typically, a natural undisturbed
fish population has species in each of the three
classifications with the intolerant species, however,
being the most numerous. Any deviation may be
attributed to the physical and water quality altera
tions in the habitat caused by the activities of man
in the watershed tributary to the stream channel
system, as well as to man-made changes on the
stream channel system itself.

The use of fish as indicators of prevailing water
quality conditions has been an important analytical
tool for water quality evaluation in past watershed
studies. Fish species may be categorized on the
basis of their tolerance to pollution. However, the
ranking of fish species on a pollution tolerance
scale does not provide a precise species-by-species
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hierarchy of pollution tolerance and, therefore;
an indication of water quality conditions. Rather,
such a ranking is intended to generally group
species according to their tolerance to pollution.
Generally, this pollution tolerance is related to dis
solved oxygen concentrations, although turbidity,
siltation, temperature, pH, and toxic substances
such as ammonia and pesticides are also important
factors in determining tolerance. Fish classified as
very tolerant can withstand large variations in
water quality conditions and may, therefore, be
expected to be found in both clean and in even
heavily polluted waters. Fish classified as tolerant
can withstand smaller variations in water quality
conditions than very tolerant fish, and may, there
fore, be expected to be found in clean and moder- .
ately polluted waters. Fish classified as intolerant
are, relative to other categories, very restricted in
the range of water quality conditions in which they
can exist and, therefore, may be expected to inhabit
only clean waters. Generally, the presence of intol
erant fish species indicates good water quality con
ditions, with high dissolved oxygen levels, low
turbidity, pH values within a 6.0 to 9.0 standard
units range, water temperatures which do not
exceed the natural daily and seasonal fluctua
tions, and no toxic substances present. In so far as
a stream network is a dynamic system and fish are
mobile animals, less tolerant fish species occasion
ally may find and temporarily reside in localized
niches that are of higher quality than the overall
quality of a particular reach of a stream system.

Historic Findings: Data from historic fish surveys
of the Pike River system are useful in assessing the
overall change in the fish populations and, there
fore, in water quality conditions. In most cases
where tolerant fish species have been significantly
reduced or eliminated, significant alteration in
the stream habitat may be assumed, such as chan
nelization; draining of connected wetlands; runoff
of fertilizers, sediment, pesticides and other
toxic substances from both rural and urban lands;
and the discharge of both municipal and indus
trial wastes.

Historic data from nine fishery surveys were evalu
ated and used to assess the changes over time that
have occurred in the fishery of the Pike River
watershed. Table 18 contains a list of the fish
species and shows the number of individual species
collected in the watershed since 1906. Figure 11
illustrates the spatial distribution of these species
at each collecting site on the stream system.



Figure 11

HISTORIC SPATIAL DISTRIBUTION OF FISH IN THE PIKE RIVER WATERSHED: 1906-1979
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In May 1957 the Wisconsin Department of Natural
Resources conducted a fish shocking survey of the
Pike River to determine the potential for future
sport fish management. Three additional species
previously not recorded in the Pike River water
shed were collected. They include the spottail
shiner, brown bullhead, and white crappie. These
three fish species were judged to be temporary
migrants into the Pike River system from Lake
Michigan and were not considered to represent
a breeding population. As a result of that 1957
survey, several conclusions were developed by the
Wisconsin Department of Natural Resources con
cerning the significance of the Pike River as
a potential sport fishery. The report stated that
Pike Creek, or the south branch of the Pike River,
"has all the characteristics of a drainage ditch
in the section that was shocked. In addition, the
stream bottom was covered with refuse from

and three very tolerant-white sucker, black bull
head, and fathead minnow. These early surveys
were conducted for the purposes of collecting
museum specimens as well as providing fish distri
bution records. These fish specimens are presently
preserved in the collection of the University of
Michigan at Ann Arbor, Michigan. The early fish
surveys provide the best available appraisal of the
native fish population in the Pike River watershed.

o
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The earliest recorded fish survey of the Pike River
watershed was conducted by George E. Wagner of
the University of Wisconsin on June 29, 1906 in
the vicinity of Lathrop Avenue in the Town of
Somers. At that time nine species of fish were col
lected of which four were found to be intolerant
southern redbelly dace, Johnny darter, hornyhead
chub, and rock bass, three tolerant-creek chub,
bluntnose minnow, and redfin shiner, and two
very tolerant-white sucker and central mudmin
now. In July 1924, five additional sites were sam
pled. Fourteen fish species were collected of which
seven were found to be intolerant-southern red
belly dace, Johnny darter, hornyhead chub, stone
roller, least darter, blacknose dace, and northern
hog sucker, four tolerant-creek chub, bluntnose
minnow, common shiner, and brook stickleback,

Source: SEWRPC.
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Table 18

HISTORICAL FISH SURVEYS CONDUCTED IN THE PIKE RIVER WATERSHED: 1906·1979

Fish Species According
Date of Su rvey

to Their Relative June 29, July 8-9, June 23, March 19, May 1, September 3-4, May 9, May 9,
Tolerance to Pollution 1906 1924 1966 1969 1975 1975 1978 1979

Very Tolerant
Central mudminnow

(Umbra limil ... X
~-

Goldfish
(Carassius~s) . X X X X

Carp
(Cyprinus carpio). X X X X

Black bullhead
(Ictalurus mal as) X X

White sucke-r-
(Catostomus commersonni) . X X X X X X X X

Fathead minnow
(Pimephales promelas) . X X X X

Tolerant
Bluntnose minnow

(Pimephales~). X X X
Green sunfish

(Lepomis cyanellus) . X X X X X
Pumpkinseed

(Lepomis gibbosus) .. X
Creek Chub

(Semotilus atromaculatusL X X X X
Bluegill

(Lepomis macrochirus) X
Largemouth bass

(Micropterus salmoides) . X
Brook stickleback

(Gulees inconstansl. ... X X X X
Smallmouth bass

(Micropterus dolomieui). X
Golden shiner

(Notemigonus chrysoleucasl X
Bigmouth shiner

(Notropis dorsalis) .. X
Common shiner

(Notropis cornutus) . X X
Redfin shiner

U:!Jotropis umbratilisl. X
Gizzard shar-

jDorosoma cepedianum). X X
Alewifea,b

(Alo.. pseudoharengus) . X X

Intolerant

Johnny darter
(Etheostoma nigrum) X X

Least da rter
IEtheostoma microperca) . X

Rock bass

(Ambloplites rupestris) X
Northern hog sucker

(Hypentelium nigricans) . X
Largescale stoneroller

(Campostoma oligolepis) X
Hornyhead chub

(Nocomis biguttatus). . X X
Blacknose dace

(Rhinichthys~) X X
Southern redbelly dace

(Chrosomus erythrogaster) X X X
Coho salmona,b

(Oncorhynchus kisutch I . ... X
Chinook salmond,rr---

(Oncorhynchus tshawytscha) . X
Rainbow troutd,b

(Salmo gairdneri) X
Redhorse

(Moxostoma sp.l . X

alntroduced fish species.

bAnadromous fish species from Lake Michigan.

Source: SEWRPC.
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a local dump and the water smelled of pollu
tion." Referring to the lower reaches of the
Pike River in August 1953, Wisconsin Department
of Natural Resources personnel observed that
"much of the stream bed is dry" and on that basis
recommended that because of "the intermittent
nature of the water flow, management of this
stream for smallmouth bass or any game fish is
certainly questionable."

During the summer of 1966, the Wisconsin Depart
ment of Natural Resources, as part of the DDT
residue studies in fish occurring in state waters,
included the Pike River as one of their fish sam
pling sites. During this survey, the lower reaches
of the Pike River, within one mile of the conflu
ence with Lake Michigan, were sampled for fish.
Seven fish species were collected during this survey
of which one was found to be intolerant-rock
bass, three tolerant-green sunfish, alewife, and
gizzard shad, and three very tolerant-white sucker,
carp, and goldfish. The rock bass, alewife, and
gizzard shad were probably Lake Michigan migrants
and as such did not represent local breeding popu
lations within the lower reaches of the Pike River.

In March 1969, the Department of Natural
Resources again conducted a survey of the lower
reaches of the Pike River in the vicinity of the
Alford Park-Carthage College area. The purpose of
this survey was to determine if this portion of the
river was used by trout from Lake Michigan for
spawning. No game fish were collected during the
survey. However, the four species of fish that were
collected-green sunfish and white sucker, carp and
goldfish-are classified, respectively, as being toler
ant and very tolerant to polluted water quality
conditions. The field report stated that this reach
of the Pike River "appears to be very polluted by
refuse of all kinds."

Two fish surveys were conducted in 1975 by the
Wisconsin Department of Natural Resources and
these surveys provide the most complete record of
fish collected in the watershed prior to 1980. One
survey conducted on May 1, 1975 in the lower
reach of the Pike River between the mouth and
Carthage College identified six fish species present
including coho salmon and rainbow trout finger
lings. The second survey conducted on Septem
ber 3 and 4, 1975 by the Wisconsin Department of
Natural Resources as part of a fish distribution
study established nine survey sites-one each on
Lamparek Ditch, Somers Branch, Sorenson Creek,
and Waxdale Creek, two on Pike Creek, and three

on the Pike River-in the watershed. Two additional
sites on the Pike River and School tributary were
added in 1978 and 1979, respectively. The results
of that survey appear in Table 18.

Two documented fish kills have occurred in the
Pike River watershed. On July 6, 1979 a major
fish kill occurred between the Kenosha Country
Club and through Petrifying Springs County Park.
Game fish, rough fish, and forage fish as well as
crayfish and frogs were reported dead as a result
of this fish kill. Oxygen depletion due to excessive
decomposition of accumulated organic matter was
postulated as being the cause of this particular fish
kill. The reach of the Pike River between Petrifying
Springs County Park and the Kenosha Country
Club is impounded and water movement was
slight at the time of the fish kill. A second fish
kill occurred near the mouth of the Pike River on
August 22, 1979. Both carp and bullheads were
found dead as a result of this fish kill. Water
quality data collected by the Commission from
the lower reaches of the Pike River between 1966
and 1976 indicated that 21 percent of the samples
analyzed in this reach had a dissolved oxygen
content of less than 5.0 milligrams per liter. Both
of these fish species are identified as being very
tolerant to polluted water quality conditions and
as such would have had to experience nearly
anoxic water quality conditions in order to have
been killed.

Existing Fisheries: Commission personnel inven
toried the fish population of the Pike River water
shed stream system in August 1980 in order to
determine the current status of the watershed
fishery. These field studies were intended to
provide a basis for analyzing the potential for
further fishery development within the watershed
stream system.

Survey Procedure: The fish survey was accomplished
using a one-quarter-inch mesh seine at each of
15 stations distributed throughout the watershed
surface water system. The fish survey stations were
selected to be representative of the major streams
in the watershed, to encompass the full spectrum
of natural to channelized conditions, and to pro
vide a basis with which historic fish collections
could be compared. The locations of the 15 fish
survey stations are shown on Map 18. Information
concerning the stations such as channel width,
flow, depth, and water conditions is provided in
Table 19.
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Table 19

FISH SURVEYSTATIONS 11\1 THE PIKE RIVER WATERSHED

Stream Crossings at
or Near Station Vegetal Condition

Channel Channel Observed
Civil Station River On Width Temperature Bottom Water

Watercou rse Division Number Name Mile Banks Instream Ifeetl Current (oF) Conditions Quality

Pike River Town of 1 Washington Avenue 14.94 Overhanging Manna grass, 6 Moderate 64 Muck Very
main stem Mt. Pleasant 15TH 201 grasses, sparse to fast over turbid

ditched grave)

Pike River Town of 2 Racine Avenue 13.29 Manna grass Manna grass 8 Moderate 69 Gravel 5lightly
main stem Mt. Pleasant 15TH 111 and reed and water- and turbid

canary grass, plantain, muck

ditched sparse

Pike River Town of 3 Braun Road 12.23 Manna grass, Potamogeton sp., 9 Slow to 69 Clay Turbid,
main stem Mt. Pleasant ditched sparse moderate and evidence

muck of sewage

Pike River Town of 4 Green Bay Avenue 10.38 Japanese None 12 Moderate _. Muck Very
main stem Somers (5TH 311 bamboo and (shadedl and turbid

reed canary gravel
grass

Pike River Town of 5 Petrifying Springs 8.26 Park lawn, None 24 Moderate 68 Gravel Very
main stem Somers County Park- overhanging Ishadedl to fast and turbid

south entrance trees and reed rocks
bridge canary grass

Pike River Town of 6 30th Avenue 6.60 Overhanging Elodea, 25 Moderate 69 Gravel Turbid
main stem Somers (CTH GI willows, Myriophyllum, to fast and

weeds, and Potamogeton sp., rocks
grasses all sparse

Pike River Town of 7 Lathrop Avenue 4.79 Overhanging Elodea and 26 Moderate 68 Gravel Slightly
main stem Somers (CTH TI trees, weeds Potamogeton sp., to fast and turbid

and reed all sparse rocks
canary grass

Pike River Town of 8 12th Street 3.27 Reed canary None 22 Moderate 69 Clay Very turbid,
main stem Somers (CTH EI grass Ishadedl and erosion

rocks from bridge
embankment

Waxdale Town of 9 Airline Road 0.29 Weedy, None 9 Moderate 72 Muck over Very turbid
Creek Mt. Pleasant ditched (shaded) to slow gravel and milky

Lamparek Town of 10 90th Street 1.56 Reed canary Dense reed 6 Moderate 66 Muck over Very
Ditch Mt. Pleasant grass, canary grass gravel turbid

hawthorn,
ditched

Sorenson Town of 11 County Line Road 1.56 Grazed Water cress, 10 moderate 70 Muck over Turbid
Creek Mt. Pleasant (CTH KR) pasture, Potamogeton spp., gravel

grasses, cat-tail, reed
and weeds canary grass

Pike Creek Town of 12 18th Street 3.34 Shrubs and None 12 Moderate 67 Muck and Very

Somers ICTH L) grasses, (shaded) to fast gravel turbid

ditched

Pike Creek Town of 13 12th Street 2.13 Overhanging None 20 Moderate 67 Gravel Turbid
Somers (CTH E) box elder (shaded) to fast

Pike Creek Town of 14 Green Bay Avenue 0.05 Mesic forest None 32 Fast 66 Gravel Very

Somers (5TH 311 (shaded) turbid

Somers Town of 15 72nd Avenue 1.11 Weedy Emergents, cat- 8 Moderate 66 Bedrock Very
Branch Somers (CTH EAJ tail, arrowhead, turbid

reed canary
grass, bulrush

Source: SEWRPC.
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Table 20

RESULTS OF FISH SURVEY IN THE PIKE RIVER WATERSHED: AUGUST 1980

Population and Number of Species According Ratios of
Subtotal

to Relative Tolerance to Organic Pollution Very Tolerant,
Number Number Species Population Tolerant, and

Vrory Tolerant Tolerant Intolerant
of PH Per Intolerantof

Stream Stations Species Population Species Population Species Population Species Station Population Station Populations

Upper Pike River. 2 350 5 118 7 1.75 468 117
Lower Pike River. 3 40 3 53 6 1.50 93 23
Pike Creek. 2 4 2 7 5 1.67 19 6 0.50,0.88,1.00
Waxdale Creek. 1 3 1 1.00 3 3
Lamparek Ditch. 1 44 1 16 2 2.00 60 60
Sorenson Creek. 1 15 4 20 6 6.00 38 38 5.00,6.67,1.00
Somers Branch

Tributary. 20 2.00 23 23

Watershed Total 15 476 217 11 10 0.67 704 47 43.27,19.73,1.00

Source: SEWRPC.

The fish survey process proceeded in an upstream
direction and the fish were netted after disrupting
the bottom habitat and stream bank vegetation. All
of the fish captured at each fish survey station were
identified by species and counted. All of the cap
tured fish are preserved as a part of the collection
of the University of Wisconsin-Waukesha Center.

Inventory Findings: As indicated in Table 20 and
Appendix B, a total of 704 fish representing
10 species were taken at the 15 stations during
the fish survey which was carried out on August 20
through 27, 1980. The five most common species
found in order of decreasing abundance were the
fathead minnow, brook stickleback, bigmouth
shiner, creek chub, and white sucker. Figure 12
indicates, in summary form, the fish species cap
tured, the number of each species, and the approxi
mate position of each species on a pollution toler
ance scale for the 15 fish survey stations.

Of the total 704 fish, 476, or 68 percent, were clas
sified as being very tolerant to pollution, 217, or
31 percent, were classified as being tolerant, and
the remaining 11, or 1 percent, were considered
intolerant. There were almost 65 times as many
pollution tolerant and very tolerant fish taken in
the survey as there were pollution intolerant fish.

A healthy fishery should contain a diversity of
species similar to that found in the Pike River
watershed in the 1906 and 1924 surveys. The con
verse presently exists in the Pike River watershed.
Insofar as the fish population serves as an index
of streamwater quality condition, the dominance
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of very tolerant and tolerant fish in the watershed
stream system is a manifestation of the poor water
quality conditions that generally exist in the water
shed as documented in Chapter VII of this volume.

Of the 10 species of fish captured at the 15 instream
stations, only the following three species are con
sidered to be of any sport fishing value: black bull
head, green sunfish, and bluegill. Considering the
watershed as a whole, fish of these three species
amounted to only 1 percent of the total number of
fish that were captured during the instream fish
survey. This clearly indicates that the Pike River
stream system-exclusive of the Lake Michigan
estuary portion-presently supports no significant
recreational fishery.

Although fish sampling stations were rather uni
formly distributed over the watershed, the number
of fish captured at the stations was not uniformly
distributed. For example, of the 704 fish taken
at the 15 instream stations, 435-or 63 percent
were collected at one station-Fish Survey Station
Number 1 located at Washington Avenue and the
Pike River. The relatively large number of fish
captured at this station does not, however, mean
that a desirable fishery exists in that portion of
the watershed, since about 77 percent of the fish
taken at this station were categorized as being very
tolerant to pollution.

A reach-by-reach comparison of the number and
type of fish captured during both present and past
fish surveys indicates a striking spatial and tem
poral variation in fishery characteristics. The upper



Figure 12

RESULTS OF FISH SURVEY CONDUCTED IN THE
PIKE RIVER WATERSHED: AUGUST 1980
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Pike River, which is defined as that portion of the
main stem of the Pike River above its confluence
with Pike Creek including Waxdale Creek and
Lamparek Ditch, yielded between 435 fish at Fish
Survey Station Number 1 to six fish at Fish Survey
Station Number 2 along the main stem. Waxdale
Creek and Lamparek Ditch yielded 3 to 60 fish,
respectively. Examination of Figure 11 indicates
that this section of the watershed lacks fish survey
records prior to 1975. This lack of information
prohibits a thorough analysis of the chronological
changes that have occurred in a fish population.
However, data are available to assess the recent
status of this segment. Figure 11 indicates that this
upper section of the Pike River watershed has been
dominated by species of fish either tolerant or very
tolerant to pollution. A single intolerant species,
the southern redbelly dace, was reported in the
1975 survey near Braun Road. However, this fish
species was not collected during August 1980.
Because of the present habitat conditions, it is

doubtful that a breeding population of small
mouth bass exists in the upper reaches of the
Pike River watershed.

Waxdale Creek was found to contain only two
species of fish, green sunfish and fathead minnow,
which are classified as tolerant and very tolerant
to pollution, respectively. The Lamparek Ditch
contains a similar fishery in that it also contains
only two species of fish, brook stickleback and
fathead minnow which are classified as tolerant
and very tolerant to pollution, respectively. How
ever, a much larger fish population-60 fish-was
found at the Lamparek Ditch station.

In general, the fish population of the upper portion
of the Pike River watershed does not support the
diversity of fish and numbers of intolerant species
which are expected in the headwaters of typical
southeastern Wisconsin streams. Most of the
species collected during the 1975 and 1980 sur
veys were small forage fish. No large predator
species were found. The population is obviously
unbalanced in favor of the pollution-tolerant
species indicating significant habitat alteration and
poor water quality conditions. The drainage of
wetlands, ditching of the stream channels, siltation,
use of pesticides and fertilizers on agricultural
lands, industrial waste spills, and organic pollution
may all have contributed to the decline of the fish
population in this portion of the Pike River water
shed. There also exists the potential for toxic
leachates from the Oakes Landfill site located in
the east one-half of Section 23, Township 3 North,
Range 22 East, in the Town of Mt. Pleasant, to
enter the Pike River and further affect the fish
populations in the event of failure of the leachate
collection system of the landfill.

A similar conclusion regarding the deterioration
of the upper reaches of the Pike River watershed
was drawn from a survey of benthic organisms
organisms that inhabit the bottom sediments of
surface waters such as tubifex worms, midges,
dragonfly nymphs, and mayfly nymphs-conducted
by the Wisconsin Department of Natural Resources
in 1966. Using the species diversity and population
of benthic organisms as indicators of water quality
it was concluded that, at best, this portion of the
Pike River watershed must be classified as severely
polluted to septic.

Water quality data collected by the Commission
in the lower reach of this portion of the Pike
River watershed clearly indicate that low dis-
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solved oxygen concentrations occurred frequently
over the 10-year period between 1966 and 1976.
Approximately 64 percent of the dissolved oxygen
concentrations recorded during this period were
below 5.0 milligrams per liter. Dissolved oxygen
concentrations below 5.0 milligrams per liter cause
intolerant fish species and benthic organisms to
experience severe physiological stress, which causes
the species to eventually be extirpated. There is
little doubt that low dissolved oxygen concentra
tions have been a major factor in the loss of many
of the more desirable fish species in this portion
of the watershed.

The lower Pike River, which is defined as that
portion of the main stem which encompasses all
of the main stem of the Pike River downstream
of Pike Creek and Sorenson Creek, yielded between
44 fish at Fish Survey Station Number 7 and
15 fish at Fish Survey Station Number 6, while
the Sorenson Creek Fish Survey Station yielded
38 fish. Figure 11 indicates that historical records
for this portion of the Pike River watershed date
back to 1906. Since 1906, 26 species of fish were
recorded as present in the lower reaches of the Pike
River. In 1924, 15 species of fish were added to
the 1906 list: three very tolerant species-carp,
goldfish, fathead minnow; eight tolerant species
green sunfish, pumpkinseed, brook stickleback,
golden shiner, largemouth bass, bigmouth shiner,
gizzard shad, and alewife, and four intolerant
species-coho and chinook salmon, rainbow trout,
and redhorse. However, three intolerant species
hornyhead chub, stoneroller, and Johnny darter,
one tolerant species-redfin shiner, and one very
tolerant species-central mudminnow, have not
been collected from this reach since 1924. The
loss of these five species, particularly the three
intolerant fish species, may be assumed to reflect
an alteration of conditions which favor more toler
ant fish species and which have caused an unnatural
condition in the species balance. It should also be
noted that some of the native species added to
the original list may also have been present in
1906. However, no sampling sites were established
in those portions vf the lower reaches of the
stream system where many of these additional
species were collected later.

The presence of the three salmonids in the lower
reach of the Pike River is due to the migratory
nature of these lake dwelling species, which causes
them to move into the river during the spawning
season. Spawning, however, is unsuccessful because
of the poor water quality conditions in the upper
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reaches of the watershed, such as excessive water
temperatures and lack of suitable spawning habitat.
In order for salmon to reproduce successfully,
spawning streams must contain gravel bottom riffle
zones which receive groundwater discharges. The
discharge of ground water through the gravel sub
strate suspends the salmon eggs keeping them well
oxygenated and removing metabolic wastes and silt
from the habitat. In the fall coho and chinook
salmon form a sport fishery in the lower reaches
of the Pike River, while in spring the fishery
include rainbow trout and white suckers. Young
largemouth bass have been collected in the lower
reaches of the Pike River but do not contribute
significantly to the fishery as no adults have been
reported. Netting of white sucker has been particu
larly successful between CTH E and the Kenosha
Country Club, and salmon movement has been
reported as far upstream as the impoundment
located in Petrifying Springs County Park. The
intolerant salmonids are apparently able to survive
in the river temporarily during the fall when water
levels and dissolved oxygen concentrations are
relatively high. However, complaints from property
owners concerning illegal trespass has prompted
the Wisconsin Department of Natural Resources to
establish a temporary weir under the first bridge
upstream from the mouth of the river-the Sheri
dan Road bridge-to prevent the larger salmon
from moving beyond that point. Fish snagging has
been permitted below the weir between October 1
and January 31 of each year.

As noted above, two major fish kills occurred in
1979. These two fish kills may account, in part,
for the large difference in the number of species
collected in this reach between 1975 and 1980.
Specifically, in 1975, 17 fish species were col
lected at CTH A, while in 1980 only five species
were collected at Lathrop Avenue, both stations
being located immediately downstream from the
Kenosha Country Club. A good indication of the
expected natural fish population within this reach
of the Pike River is given by the 1924 survey taken
at CTH G, when 11 species were collected: five
intolerant, four tolerant, and two very tolerant. In
1980, the same site was found to contain only one
tolerant and one very tolerant fish species, a signifi
cant change in the condition of the fish population.

It would appear that the natural immigration of
fish back into this reach of the Pike River has
barely begun and in fact, the stream may never
return to its 1924, or for that matter, 1975 diver
sity, because of a lack of sufficient diversity of



fish species in either the upstream or downstream
reaches. While migrant species from Lake Michigan
may reach this area, most are transient and spend
only a small portion of the year in the river. In
addition, the presence of a spillway near the
Kenosha Country Club and a dam at the Petrifying
Springs County Park inhibits the migration of fish,
particularly the smaller forage species that are
typical of the Pike River. The larger and stronger
species such as salmon and white sucker may be
able to negotiate the spillway and possibly even
the dam. However, these two species comprise only
a small component of the compliment of fish
needed to return the stream to its former diversity.

Sorenson Creek enters the main stem of the Pike
River downstream from the Kenosha Country
Club and may serve as a potential source of some
species of fish. The fish surveys conducted in 1975
and 1980 indicate a moderate diversity of fish
life in Sorenson Creek. The presence of an intoler
ant fish species-least darter; four tolerant fish
species-green sunfish, creek chub, brook stickle
back, and bigmouth shiner; and a very tolerant
fish species-fathead minnow; implies that stream
conditions are of a higher quality than those
occurring in the main stem and that a good variety
of fish may yet exist in Sorenson Creek. However,
Sorenson Creek may be too small in size to func
tion as a reservoir for the entire Pike River fishery.
It is, however, important that every effort be used
to maintain the good water quality and habitat
conditions in Sorenson Creek in order to protect
the existing fish population, particularly the least
darter population. This small fish has been iden
tified as a "watch list" species in Wisconsin because
of its significant statewide decline.11 It should be
noted that the least darter was formerly found at
several locations along the Pike River but is now
apparently confined to Sorenson Creek.

11 The Wisconsin Department of Natural Resources
has assigned a watch status to those plants and
animals which have a suspected, but not proven,
problem with their abundance or distribution
within the State. The purpose of this informal,
nonlegal category is to focus attention on certain
plants and animals before they become threatened
or endangered.

The sampling of the Pike Creek portion of the Pike
River watershed yielded 19 fish and that of Somers
Branch 23 fish. It should be noted that all of the
fish species captured in this portion of the Pike
River watershed were classified as tolerant or very
tolerant to pollution, with the exception of one
intolerant fish species-the blacknose dace-which
was captured at Fish Survey Station Number 13
located at CTH E and Pike Creek.

Fortunately, historic records for Pike Creek include
a survey conducted in 1924 and this provides
a basis for comparison with the more recent sur
veys. Figure 11 indicates that the July 1924 survey
identified six intolerant fish species-southern red
belly dace, blacknose dace, Johnny darter, least
darter, stoneroller, and northern hog sucker-while
the fish survey conducted in 1980 found but
a single intolerant fish species-blacknose dace. In
addition to the six intolerant fish species, four
tolerant-creek chub, brook stickleback, common
shiner, and bluntnose minnow-and two very
tolerant-white sucker and fathead minnow-fish
species were collected during the July 1924 survey
for a total of 12 species at the single survey station,
located at CTH E and Pike Creek. The 1975 and
1980 surveys identified one intolerant-blacknose
dace, five tolerant-creek chUb, green sunfish, blue
gill, largemouth bass, and bigmouth shiner, and
four very tolerant-white sucker, fathead minnow,
black bullhead, and carp-fish species for a total of
10 fish species for the entire Pike Creek. The
known diversity, then, has been reduced by two
species of fish since 1924. However, it should be
noted that this comparison involves three survey
locations along the Pike Creek in 1975 and 1980,
and a single survey location in 1924. It is likely
that additional collection sites during the July
1924 survey would have recovered additional
species. In addition, the number of very tolerant
species has increased by two. Clearly, the shift in
the fishery has been from a near natural fish popu
lation in 1924, with a significant proportion of
fish-six species-in the intolerant category, to
a population dominated by very tolerant species
in 1975 and 1980. During the approximately
50-year interval between the 1924 and 1975 sur
veys significant habitat alterations have occurred
in Pike Creek. It is also apparent that a significant
change has occurred in the fishery during the five
year period between 1975 and 1980 as six fish
species failed to be recaptured at the two sites
located at CTH Land STH 31. In the 1980 fish
survey no fish were collected after two extensive
attempts approximately one week apart on Pike
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Creek near its confluence with the Pike River. The
cause of this condition is unknown as the habitat
conditions appear to be quite good. The best
fishery within Pike Creek appears to exist in the
vicinity of CTH E upstream from the confluence
with the Somers Branch Tributary. This fish survey
site supports a good population of the intolerant
blacknose dace.

In general, Pike Creek lacks the compliment of
intolerant species normally occurring in natural
waters. While Pike Creek was found to possess
a variety of forage fish and a single predator
species-young largemouth bass-in 1975, it is not
known whether this represents fish migration from
other areas or a true local breeding population.
Most of these species were not encountered during
the 1980 survey. The loss of the intolerant fish
species in Pike Creek as well as the low diversity
of other fish species is probably due to a combina
tion of factors including ditching, loss of wetland
spawning areas, turbidity, siltation, use of pesti
cides and fertilizers in the tributary drainage areas,
and organic enrichment from a sewage treatment
plant located on the Somers Branch.

It should be further noted that the presence of
a landfill site near Pike Creek and CTH L was
reported by the Wisconsin Department of Natural
Resources in 1957 and inspection of the stream
bottom at that time noted the presence of refuse
along the stream bottom as well as a polluted odor
in the water. The possibility does exist that toxic
leachates from this landfill site have entered and
may be continuing to enter the stream and affect
the fish populations in this reach. This landfill site
is presently used as a solid waste transfer site by
the Town of Somers.

During the 1980 survey, a local resident indicated
that a canning company spilled a toxic chemical
into the stream approximately a decade ago. This
resident reported that the fish population was
killed off and has never recovered since that event.

The findings of the benthic organism survey con
ducted by the Wisconsin Department of Natural
Resources in 1966, correspond with the findings
of the recent fish surveys. The benthic organisms
survey reflects a decline from clean water to septic
water quality conditions in the 2.1 mile reach of
Pike Creek between CTH E and STH 31. Although
this survey was conducted approximately 14 years
ago, the results support the poor water quality
conditions of Pike Creek in the 1975 and 1980
fish surveys.
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Water quality data collected by the Commission
for Pike Creek demonstrate that low dissolved
oxygen concentrations have occurred occasionally
during the 10-year period from 1966 to 1976.
Approximately 7 percent of the dissolved oxygen
concentrations recorded during the 1966 to 1976
period were below 5.0 milligrams per liter. These
occasional low dissolved oxygen concentrations
may account for the lower diversity of fish life evi
dent in Pike Creek. However, other water quality
problems, such as toxic substances, are probably
more significant contributors to the decline in the
Pike Creek fishery.

Concluding Remarks: For purposes of evaluating
the general biological condition of the Pike River
and its tributaries, a fishery survey was conducted
as a part of the Pike River watershed study
together with a review of historical fisheries data.
Ten species distributed among 704 individuals were
collected in the survey at 15 stations located
throughout the Pike River watershed. Survey
results indicated that 693 fish, or 99 percent of
the fishery, consisted of tolerant and very tolerant
species, indicating the generally degraded condi
tions of the water quality itself and of the fishery
habitat of the approximately 40.7 miles of the
perennial streams in the watershed. Based on the
survey results, it was concluded that, as shown
on Map 19, 6.8 miles, or 17 percent of the total
stream system, have been irrevocably modified
beyond a condition that could support a balanced
warm-water fishery. It was further concluded that
about 8.2 miles, or about 20 percent of the total
stream system, still possessed the basic character
istics which would permit a balanced warm-water
fishery, and that these reaches should be protected
by proper land and water management. Finally, it
was concluded that the remaining 25.7 miles, or
about 63 percent of the total stream system, were
found to possess sufficient potential for fishery
rehabilitation to warrant further evaluation in the
alternative plan development process. Of special
note is that reach of the Pike Creek near its con
fluence with the Pike River in which good fishery
habitat conditions were found but in which the
fishery survey found a complete absence of the
species normally present under such conditions.
This absence could not be explained except on the
basis of the possible presence of toxic substances.

Wildlife Habitat: Since the settlement of the Pike
River watershed by Europeans, there has been
a sharp decrease in the variety and quantity of
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EXISTING FISHERY CONDITIONS IN THE PIKE RIVER WATERSHED: 1980
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A total of 704 fish representing 10 species were taker
at the 15 stations during the fish survey which wa!
carried out by Commission personnel on August 2C
through 27, 1980. Of the total 704 fish, 476. or 68 per
cent, were classified as being very tolerant to pollution
217. Or 31 percent, were classified as being tolerant
and the remaining 11, or 1 percent, were considerec
intolerant. There were almost 70 times as many poilu
tion tolerant and very tolerant fish taken in the surve\
as there were pollution intolerant fish. Of the 10 specie~

of fish captured at the 15 instream stations, only threl
species are considered to be of any sport fishing value
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wildlife. This is a loss not only to hunters and
other sportsmen, but to the health and diversity
of the total environment. Wildlife habitat areas
were initially inventoried for the Commission by
the Wisconsin Department of Natural Resources,
Bureau of Research, personnel in 1963, and this
initial inventory was updated in 1970. In addition
to providing a qualitative and quantitative descrip
tion of the existing wildlife resources of the water
shed, this inventory was intended to provide a basis
for identifying those wildlife habitat areas that
should, under the land use element of both the
regional land use plan and the Pike River watershed
plan, be preserved and protected. The findings of
the wildlife inventory are summarized below.

A total of 1,363 acres of wildlife habitat was iden
tified within the watershed and value rated as
shown on Map 20. Based on current condition,
each wildlife habitat area was categorized into one
of the following three value rating categories:

1. High-Value Wildlife Habitat Areas-High
value wildlife habitat areas contain a good
diversity of wildlife, are of adequate size to
meet all of the habitat requirements for
the species concerned, and are generally
located in proximity to other wildlife
habitat areas. Campbell's or Fink's Hard
woods in the Town of Mt. Pleasant and the
Truesdale Marsh located in the Town of
Pleasant Prairie are examples of high-value
wildlife habitat areas.

2. Medium-Value Wildlife Habitat Areas
Medium-value wildlife habitat areas gener
ally lack one of the three aforementioned
criteria for a high-value wildlife habitat.
However, they do still retain a good plant
and animal diversity. The Sander's Park
State Scientific Area located in the Town of
Mt. Pleasant is an example of a medium
value habitat area.

3. Low-Value Wildlife Habitat Areas-Low
value wildlife habitat areas are remnant in
nature in that they generally lack two or
more of the three aforementioned criteria
for a high-value wildlife habitat, but may,
nevertheless, be important if located in close
proximity to other medium- and/or high
value wildlife habitat areas, if they provide
corridors linking higher value wildlife habi
tat areas, or if they provide the only avail
able range in the area. The riverine area
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along the Pike Creek near its confluence
with the Pike River is typical of a low-value
wildlife habitat area.

The factors considered in assigning value ratings
to wildlife habitat areas were: diversity of animal
and plant species, territorial requirements of the
species, vegetative composition and structure,
proximity to other wildlife habitat areas, and dis
turbance. In addition to the value rating cate
gorization, the wildlife habitats in the Pike River
watershed were classified according to the principal
wildlife type to which the habitats were suited.
The wildlife types include deer, pheasant, water
fowl, muskrat-mink, songbird, squirrel or mixed
habitat. These designations were applied to help
characterize a particular wildlife habitat area as
meeting the particular requirements of the indi
cated species. This classification does not, however,
imply that the named species is the only or even
the most numerous or most important species in
that particular habitat. For example, an area desig
nated as a deer habitat may also provide squirrel
and songbird habitat as well.

Table 21 indicates that 997 acres, or about 73 per
cent, of the wildlife habitat areas remaining in the
Pike River watershed are in the low-value category.
A total of 18 medium-value wildlife habitat areas,
encompassing a total area of 236 acres, remain in
the watershed located predominantly in the head
water portions of the Pike Creek and along the
Racine/Kenosha County line. Twelve high-value
wildlife habitat areas, encompassing a total area of
130 acres, remain in the Pike River watershed, of
which nine are located within one mile of the
Racine/Kenosha County line.

Game and Nongame Wildlife Species: The foregoing
section described the quantity and quality of the
remaining wildlife habitat in the Pike River water
shed. The following section explicitly describes
the remaining wildlife of the watershed. The wild
life population of the watershed consists of fish,
amphibians, reptiles, birds and mammals. Each of
these classes of the animal kingdom as represented
in the watershed is described below, with the excep
tion of the fish, which were described in a fore
going section of this chapter.

Although a field inventory of amphibians, reptiles,
birds, and mammals was not conducted as a part
of the Pike River watershed study, it is possible
by using existing information such as the records
of the Milwaukee County Public Museum and
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WILDLIFE HABITAT IN THE PIKE RIVER WATERSHED: 1980
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Since the settlement of the Pike River watershed by
Europeans, there has been a sharp decrease in the
varietY and quantity of wildlife. A total of 1,363 acres
of wildlife habitat were identified within the watershed,
of which 997 acres, or about 73 percent. are in the low

value category. This is 8 10$$ not only to hunters and
other sportsmen, but to the health and diversity of the

total environment.

Source: SEWRPC.
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Table 21

WILDLIFE HABITAT AREAS IN THE PIKE RIVER WATERSHED: 1975

Wildlife Habitat (acres)

High Medium Low Township/
Township/ Value Percent Value Percent Value Percent County

County (acres) of Total (acres) of Total (acres) of Total Total

Pleasant Prairie ..... 87 67 153 65 232 23 472
Somers .......... 18 14 39 16 709 71 766

Kenosha County 105 81 192 81 941 94 1,238

Mt. Pleasant . . . . . . . 25 19 44 19 56 6 125

Racine County 25 19 44 19 56 6 125

Watershed Total 130 100 236 100 997 100 1,363

Source: SEWRPC.

by polling naturalists and wildlife managers fami
liar with the watershed to complete a list of
amphibians, reptiles, birds, and mammals which
should be found in the watershed under existing
conditions. The technique used in collating the
wildlife data involved obtaining lists of those
amphibians, reptiles, birds, and mammals known
to have existed and known to exist in the two
counties in which the Pike River watershed lies;
associating these lists with the historic and remain
ing habitat areas, as inventoried; and then project
ing the appropriate amphibian, reptile, bird, and
mammal species into the watershed. The net
result of the application of this technique is
a better understanding of which species were once
present in the watershed, which species are nor
mally present under existing conditions, and which
species could be expected to be lost as urbaniza
tion proceeds within the watershed. It should be
noted that this procedure does not result in the
inclusion of transient species which would be
found in the watershed only on rare occasions.

Amphibians and Reptiles: Although often unseen
and unheard, amphibians and reptiles are vital com
ponents of the ecologic system of an environmental
unit like the Pike River watershed. Examples of
amphibians native to the watershed include frogs,
toads, and salamanders. Turtles and snakes are
examples of reptiles common to the Pike River
watershed. Table 22 presents a summary of the
14 amphibian and 16 reptile species normally
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present in the Pike River watershed under present
conditions and identifies those species most sensi
tive to urbanization.

Most amphibians and reptiles have definite habitat
requirements which are adversely affected by cer
tain agricultural land management practices as well
as by advancing urban development. One of the
major detriments to the maintenance of amphi
bians in a changing environment is the destruction .
of breeding ponds. Frogs and salamanders often
return to the same breeding site year after year,
even if the pond is not there, in which case they
cannot breed. When an area is being filled and
developed some ponds must be selectively saved
if amphibians are to be maintained. Toads are
somewhat of an exception in this respect in that
they can better adapt to the changes in environ
ment which normally accompanies urbanization
than can other species of amphibians.

Another major consideration in the preservation of
both amphibians and reptiles is the maintenance of
migration routes. Many species annually transverse
distances of a mile or more from wintering sites to
breeding sites to summer foraging grounds. The
same pathways are used each year, and if species
are to be maintained in the watershed, these path
ways must be preserved. Protection of the envi
ronmental corridors of the watershed can assist
materially in this respect.



Table 22

AMPHIBIANS AND REPTILES IN THE

PIKE RIVER WATERSHED: 1980a

Species Reduced Species Lost
Scientific or Dispersed with With Full

(family) and Full Watershed Watershed
Common Name Urbanization Urbanization

Amphibians

Necturidae
Mudpuppy. · . . .. X ..

Ambystomatidae
Blue·spotted salamander. ... .- X
Spotted salamandera . .. -- X
Eastern tiger salamander. .. X --

Salamandridae
Central Newt · . · . · . X --

Bufonidae
American toad · . X --

Hylidae
Blanchard's cricket frog X --
Northern spring peeper. · . -- X
Eastern gray treefrog . -- X
Western chorus frog X _.

Ranidae
Bull frog. · . · . .- X
Green frog. X ..
Wood frog. · . -- X
Northern leopard frog .. X

Reptiles

Chelydridae
Common snapping turtle. X ..

Kinosternidae
Musk turtle (stinkpot) . X ..

Emydidae
True map turtle .. · . -- X
Midland painted turtle. X --
Blanding's turtlea . -- X

Colubridae
Northern water snake · . X ..

Northern brown snake. X ..

Red-bellied snake. · . X --
Eastern garter snake X ..

Chicago garter snake. · . X ..

Prairie (Plains) garter snake X --
Butler's garter snake . X --
Eastern hognose snake. .. X
Eastern smooth green snake. .. X
Western fox sna ke · . -- X
Eastern mil k snake .. · . .. X

NOTE: The technique used in collating the amphibian and reptile species
involved the association of known county records with the historic
and remaining habitat areas in the watershed.

a/dentified as threatened in Wisconsin.

Source: SEWRPC.

Certain amphibians and reptiles are particularly
susceptible to changes in food sources brought
about by urbanization. The Western fox snake and

Eastern milk snake, for example, are very likely to
be lost over time to the watershed because of the
reduction of rodents, their potential prey.

Birds: A large number of birds, ranging in size
from large game birds to small song birds, are
found in the Pike River watershed. Table 23 lists
those birds that normally occur in the watershed.
Each bird is classified as to whether it breeds
within the watershed, only visits the watershed
during the annual migration periods, or only visits
the watershed on rare occasions.

Game birds which are found in the watershed
include the pheasant, Hungarian (gray) partridge,
woodcock, jacksnipe, rails, dabbling ducks, diving
ducks, coots, and geese. Pheasant and Hungarian
partridge are upland game birds and provide some
opportunities for hunting. Although the watershed
lies within the Mississippi flyway, opportunities for
waterfowl hunting are now limited because of
habitat deterioration and urbanization. The fall
pheasant population within the watershed is irregu
larly distributed but fair populations live in the
larger existing habitats. In areas actively hunted
adjacent to the watershed, harvests may reach
20 or more cocks per square mile. Wintering flocks
may reach 50 to 100 birds. Flocks of that size
require good cover interspersed with fields contain
ing waste grain such as corn from farming opera
tions. Supplemental feeding of such flocks will
greatly aid in their survival during severe winters.

There is a significant population of waterfowl in
the watershed especially the mallards and teals.
Larger numbers move through during migration
when most of the regional species may be present
except those requiring large lakes such as loons and
scoters. Other species of water-based birds within
the watershed include herons, sandpipers, gulls,
plovers, and terns. Most of the waterfowl, shore
birds, and wading birds may be expected to occur
in and adjacent to the Pike River estuary.

Because of the mixture of lowland and upland
woodlots, meadows, prairie, and agricultural lands
still present in the watershed, along with the favor
able summer climate, the watershed supports many
other species of birds. Hawks and owls function
as major rodent predators within the ecosystem.
Swallows, whip-poor-wills, woodpeckers, nut
hatches, and flycatchers, as well as several other
species, serve as major insect predators. In addition
to their ecological roles, birds such as robins, red
wing blackbirds, orioles, cardinals, kingfishers, and
mourning doves serve as subjects for bird watchers
and photographers.
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Table 23

BIRDS IN THE PIKE RIVER WATERSHED

Birds

Scientific (family)
and Common Name Migrant Breeder Forager Rare

Gaviidae
Common Loon. ................ X X

Podicipedidae
Horned Grebe X
Pied-Billed Grebe. X

Phalaerocoracidae
Double-Crested Cormorant. ......... X X

Ardeidae
Great Blue Heron X
Great Egret .... X
Green Heron ... X X
Black-Crowned Night Heron X
American Bittern. X
Least Bittern . X

Anatidae
Whistling Swan. X X
Canada Goose X
Mallard ... X
Black Duck. X
Gadwall ... X
Pintail .... X
Green-Winged Teal. X
Blue-Winged Teal. . X
American Wigeon X
Northern Shoveler. X
Wood Duck ..... X
Redhead....... X
Ring-Necked Duck. X
Canvasback ..... X
Lesser Scaup .... X
Common Goldeneye. X
Bufflehead ..... X
Ruddy Duck ..... X
Hooded Merganser .. X
Red-Breasted Merganser. X

Cathartidae
Turkey Vulture . . ............ .. . X

Accipitridae
Sharp-Sh inned Hawk X
Cooper's Hawk .... X

Red-Tailed Hawk... X
Red-Shouldered Hawk. X X

Broad-Winged Hawk. X
Rough-Legged Hawk. X
Bald Eagle.. X X
Marsh Hawk X

Pandionidae
Osprey.. ... ........... . .... X X

Falconidae
American Kestrel . ........ ....... X



Table 23 (continued)

Birds

Scientific (family)
and Common Name Migrant Breeder Forager Rare

Phasianidae
Ring-Necked Pheasant (Introduced) . X
Gray Partridge (Introduced) X

Rallidae
Virginia Rail X
Sora ..... X
Common Gallinule. X
American Coot. X

Charadriidae
Semipalmated Plover X
Killdeer ........ X
American Golden Plover X
Piping Plover ..... X X
Black-Bellied Plover. X
Ruddy Turnstone X

Scolopacidae
Woodcock. X
Common Snipe .. X
Upland Sandpiper X
Spotted Sandpiper. X
Greater Yellowlegs. X
Lesser Yellowlegs X
Pectoral Sandpiper. X
White-Rumped Sandpiper. X
Least Sandpiper ..... X
Dunlin ........... X
Short-Billed Dowitcher. X
Long·Billed Dowitcher X
Semipalmated Sandpiper X
Sanderling. ........ X

Laridae
Herring Gull X
Ring-Billed Gull X
Bonaparte's Gull. X
Common Tern X X
Black Tern X X

Columbidae
Mourning Dove X
Rock Dove (Introduced) X

Cuculidae
Yellow-Billed Cuckoo. X
Black-Billed Cuckoo. X

Strigidae
Screech Owl X
Great·Horned Owl. X
Snowy Owl .... X X

Barred Owl .... X
Short-Eared Owl. X
Saw-Whet Owl X

Caprimulgidae
Whip-Poor-Will . X
Common Nighthawk. X

Apodidae
Chimney Swift . ................ X

Trochilidae
Ruby·Throated Hummingbird ........ X

Alcedinidae
Belted Kingfisher. ............... X
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Table 23 (continued)

Birds

Scientific (family)
and Common Name Migrant Breeder Forager Rare

Picidae
Common Flicker. X
Pileated Woodpecker .. X
Red-Bellied Woodpecker X
Red-Headed Woodpecker. X
Yellow-Bellied Sapsucker. X
Hairy Woodpecker .. X
Downy Woodpecker. X

Tyrannidae
Eastern Kingbird. X
Great Crested Flycatcher. X
Eastern Phoebe ....... X
Yellow-Bellied Flycatcher. X
Arcadian Flycatcher. X
Alder Flycatcher .. X
Willow Flycatcher .. X
Least Flycatcher ... X
Eastern Wood Pewee. X

Alaudidae
Horned Lark ............... '" X

Hirundinidae
Tree Swallow. X
Bank Swallow X
Rough-Winged Swallow. X
Barn Swallow. X
Cliff Swallow. X
Purple Martin. X

Corvidae
Blue Jay. X
Common Crow. X

Paridae
Black-Capped Chikadee . X
Tufted Titmouse. X

Sittidae
White-Breasted Nuthatch. X
Red-Breasted Nuthatch X

Certhiidae
Brown Creeper. ................ X

Troglodytidae
House Wren. ....... X
Winter Wren ....... X
Long-Billed Marsh WreJl. X
Short-Billed Marsh Wren X

Mimidae
Gray Catbird . X
Brown Thrasher X

Turdidae
American Robin. X
Wood Thrush ... X
Hermit Thrush .. X
Swainson's Thrush. X
Veery ....... X
Eastern Bluebird. X

Sylviidae
Blue-Gray Gnatcatcher X

Golden-Crowned Kinglet X
Ruby-Crowned Kinglet. X



Scientific Ifamily)
and Common Name

Motacillidae
Water Pipit

Bombycillidae
Cedar Waxwing.

Laniidae
Northern Shrike
Loggerhead Shrike.

Sturnidae
Starling (Introduced)

Vireonidae
Yellow-Throated Vireo
Red-Eyed Vireo

Warbling Vireo.

Table 23 (continued)

Birds

Migrant

x

x
X

Breeder

x

X

X

X
X

Forager Rare

X

Parulidae

Black-and-White Warbler
Golden-Winged Warbler.
Blue-Winged Warbler .
Tennessee Warbler .
Orange-Crowned Warbler.
Nashville Warbler.....

Northern Parula Warbler
Yellow Warbler .
Magnolia Warbler .
Cape May Warbler .
Yellow-Rumped Warbler
Black-Throated Green Warbler.
Chestnut-Sided Warbler.
Bay-Breasted Warbler
Blackpoll Warbler
Pine Warbler .
Palm Warbler .
Ovenbird .
Northern Waterthrush .
Mourning Warbler ...
Common Yellowthroat
Wilson's Warbler ..
American Redstart.

Ploceidae

House Sparrow Iintroduced) .

!cteridae

Bobolink .
Eastern Meadowlark.

Western Meadowlark.
Yellow-Headed Blackbird.
Red-Winged Blackbird.

Northern Oriole ..
Rusty Blackbird ..
Brewer's Blackbird.
Common Grackle .

Brown-Headed Cowbird.

Thraupidae
Scarlet Tanager.

Fringillidae
Cardinal .
Rose-Breasted Grosbeak.
Indigo Bunting ..
Dickcissel .....
Evening Grosbeak
Purple Finch ...

X
X

X

x
X

X

X

X
X
X
X

X

X
X

X
X

X

X

X

X

X

X

X
X
X
X

X

X

X
X
X

X
X
X

X
X

X

X
X
X
X
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Scientific (family)
and Common Name

Fringillidae (continued)
Pine Grosbeak .
Common Redpoll .
Pine Siskin .
American Goldfinch .
Red Crossbill .
White-Winged Crossbill .
Rufous-Sided Towhee .
Savannah Sparrow .
Grasshopper Sparrow .
Sharp-Tailed Sparrow .
Vesper Sparrow .
Dark-Eyed Junco .
Tree Sparrow .
Chipping Sparrow .
Field Sparrow .
White-Crowned Sparrow .
White-Throated Sparrow .
Fox Sparrow .
Lincoln's Sparrow .
Swamp Sparrow .
Song Sparrow .
Lapland Longspur .
Snow Bunting .

Table 23 (continued)

Birds

Migrant Breeder Forager Rare

X
X
X

X
X
X

X
X
X

X

X
X
X
X

X
X
X
X
X

X
X

X
X

Source: SEWRPC.

Not all birds are viewed as an asset from an eco
logical, economic, or social point of view. With
the advance of urbanization and, therefore, the loss
of natural habitat, conditions have become less
compatible for the more desirable bird species.
English sparrows, starlings, grackles, and pigeons
have replaced the more desirable birds in certain
areas of the watershed because of their great toler
ance for urban conditions. The redwing blackbird
particularly is beginning to feel the urban impact
as wetland areas, particularly cat-tail marshes, are
drained or filled.

Mammals: A variety of mammals, ranging in size
from large animals like the Northern white-tailed
deer to small animals like the pygmy shrew, is
found in the Pike River watershed. Table 24 lists
40 mammals whose range is known to extend into
the watershed.

The larger mammals still fairly common in the less
densely populated areas of the watershed include
white-tailed deer, cottontail rabbit, gray squirrel,
fox squirrel, muskrat, mink, weasel, raccoon, red
fox, skunk, and opossum. The first four are often
considered game mammals, while the balance are
classified as fur-bearing mammals.
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White-tailed deer are generally restricted to the
larger wooded areas of the watershed near the
Kenosha/Racine County line. The open meadows
and croplands adjacent to the woodlots, as well as
the shrub swamps, are also utilized by deer. While
human population and associated activities create
a stress condition for deer population, it is esti
mated that there may be 50 or more deer at times
within the watershed. Because of the urban and
urbanizing nature of the Pike River watershed,
there is little potential for an increase in the size
of the deer herd. Human and deer populations
living in proximity are incompatible. When deer
wander or are forced into residential, commercial,
or industrial areas, they typically exhibit extreme
panic, running wildly and presenting a threat to
people, property, and themselves. Foraging deer
sometimes cause damage to gardens, or ornamental
trees, croplands, and orchards. Deer and auto
mo~-.:1e collisions often occur on the fringes of
urban areas and are another example of the stress
conditions that exist when deer inhabit urban
fringe areas.

The cottontail rabbit is abundant throughout the
watershed even in urbanized areas. Rabbit hunting
is possible in some areas, while many people enjoy



Table 24

MAMMALS IN THE PIKE RIVER WATERSHED

Scientific (family) and Common Name

Didelphidae Castoridae
Virginia opossum Michigan beaver

Soricidae Cricetidae
Cinereous shrew Prairie deer mouse
Smoky shrew Northern white-footed mouse
American Pigmy shrew Meadow vole
Short-tailed shrew Prairie vole

Vespertilionidae Common muskrat
Little brown bat Muridae
Eastern long-eared bat Norway rat (introduced)
Silver-haired bat House mouse (introduced)
Big brown bat Zapodidae
Red bat Meadow jumping mouse
Hoary bat Canidae
Georgian bat Northeastern coyote

Leporidae Eastern red fox
Mearn's cottontail Gray fox

Sciuridae Procyonidae
Southern woodchuck Upper Mississippi Valley raccoon
Striped ground squirrel Mustelidae

(gopher) Allegheny least weasel
Franklin's ground squirrel New York long-tailed weasel
Ohio chipmunk Upper Mississippi Valley mink
Minnesota grey squirrel Jackson's badger
Western fox squirrel Northern plains skunk
Red squirrel Cervidae
Southern flying squirrel Northern white-tailed deer

Source: SEWRPC.

observing activities of this mammal. There is also
an abundance of grey squirrels and fox squirrels
in the watershed. The grey squirrel is found pri
II?-arily in woodlots and wooded residential sec
tions, while the fox squirrel is found in some of
the more open woods and countryside. Both
require trees of some maturity because natural
cavities in such trees are needed both for the rear
ing of young and for winter protection.

Although there are no data available on the actual
number of furbearing mammals in the watershed,
muskrat and mink populations are believed to be
relatively low due to the limited extent of the
remaining wetlands. Next to the cottontail rabbit
the muskrat is probably the most abundant and
widely distributed furbearing mammal in and near
the watershed and may bring an economic return
to some trappers. Muskrats may be attracted to
any significant water area in the watershed includ
ing wetlands, small ponds, creeks, and drainage
ditches, all of which may provide suitable habitat.
The familiar muskrat house contributes a certain

amount of interest to the landscape and is often
used by other wildlife. Waterfowl may make use
of the houses for nesting, and mink and raccoon
occasionally use muskrat houses as denning areas.
Preservation and improvement of muskrat habitat
would, therefore, benefit waterfowl, mink, and the
raccoon. In areas near the Pike River watershed
trapping still provides an income supplement to
part-time trappers in that a 40-acre marsh can pro
vide a yield of over 100 muskrats a year.

The raccoon is associated with the woodland areas
of the watershed. Much of the raccoon's food,
however, is water-based so it makes considerable
transient use of wetland areas. Scavenging raccoons
can become pests in wooded environments that
contain urban fringe development.

The red fox is more characteristic of mixed habitat
and farmland areas. Most people are tolerant of the
fox due to its aesthetic appeal while others less
well-informed consider it a threat to other wildlife.

Skunks and opossums are common watershed fur
bearers. Both of these mammals inhabit woodland
areas bordering farmlands and urban fringe develop
ment and venture into wetlands in search of food.
Skunks and opossums tend to become inactive in
cold weather although neither is a true hibernator.

Small mammals fairly common in the watershed
include the short-tailed shrew, striped ground
squirrel or gopher, meadow vole, white-footed
mouse, and little brown bat. These small mammals,
with the exception of bats, are commonly asso
ciated with meadows, fence rows, and utility and
transportation rights-of-way. They vary in their
importance from insect predators and food sources
for larger mammals and raptors-hawks and owls
to pests in croplands, gardens, and lawns.

Bats, despite their appearance and nocturnal habits,
generally have a positive impact on the urban
environment in that they are major insect pre
dators, often consuming one-third their weight
in insects a night. With the destruction of wood
land and wetland habitats through urban devel
opment, the more adaptable species of these
flying mammals may relocate within the areas of
urban development.

Overview: As a result of urban and agricultural
activity and the associated decrease in woodlands,
wetlands, prairies, and other natural areas, wild
life habitat in the Pike River watershed has been
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seriously depleted. The habitat that remains gen
erally consists of land parcels that have not to
date been considered suitable for cultivation or
urban development. Much of the remaining habitat
has been modified or has been deteriorated and
some of these remaining habitat areas are being
increasingly stressed by approaching or encircling
urban development.

As a consequence of the decrease in wildlife
habitat, the wildlife population within the water
shed has decreased. The fish, amphibian, reptile,
bird, and mammal species once abundant to the
watershed have diminished in type and quantity
wherever intensive urbanization and agricultural
land uses have occurred. Certain wildlife species,
such as some songbirds, have the capacity to exist
in small islands of undeveloped land within the
urban and agricultural land complex or to adapt
to this type of landscape, but this characteristic
is not generally shared by most wildlife.

The most important consideration in maintaining,
and even increasing, the existing remnants of
wildlife within the watershed lies in achieving
the required amount, type and pattern of habitat
and, therefore, in providing a land use pattern
within the watershed that preserves the remaining
good wildlife habitat. It is also necessary to con
stantly remember that all wildlife species are
dependent on each other in one way or another.
This means that the loss of habitat for one species
has an adverse effect on certain other species, even
though the required habitat for these other species
may remain.

Potential Values: Although little remains of the
natural wildlife habitat that once existed within
the watershed and, consequently, little remains
of the wildlife that once inhabited those areas,
that which does remain has the potential to sig
nificantly contribute to the quality of life in the
watershed. If selected wildlife habitat areas are
protected and properly managed, or if new wild
life habitat areas are created, sufficient wildlife
can be maintained within the watershed to provide
substantial aesthetic, ecological, educational and
research, and recreation value.

Observation Value: Wildlife habitat areas, with their
usual variety and richness of vegetal types, have
an inherent aesthetic value in the watershed. These
aesthetic values are heightened if the wildlife
habitats are in relatively close proximity to urban
development and can, therefore, provide a wel-
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come and restful visual contrast to the urban
scene. The aesthetic impact of wildlife habitat is
enhanced by the observation of the various forms
of wildlife-fish, amphibians, reptiles, birds, and
mammals-that may inhabit those areas. Some
forms of wildlife, such as birds, are readily seen
and heard by even the most casual observers,
whereas the viewing of other forms may require
more careful examination and study.

Through thoughtful planning and management,
some of the aesthetic benefits of wildlife and
their habitat can be made an integral part of the
watershed as illustrated by the Petrifying Springs
and Sanders county parks, as well as the Alford
and Pennoyer city parks. Opportunities for similar
aesthetic experiences could be provided in the
portions of the watershed adjacent to the Kenosha
Racine County line, along the lower reaches of
Pike Creek, and the stream reaches along the Pike
River between Petrifying Springs County Park
and CTH Y. These portions of the watershed con
tain a variety of low-, medium-, and high-value
wildlife habitat areas, most of which are in private
ownership, but could be protected through an
appropriate combination of zoning and public
acquisition to form an interconnected network of
linear wildlife habitat areas.

Ecological Function: As already noted, all wildlife
species within the ecosystem of the watershed and
its environments are interdependent. This means
that the loss of one species-through destruction
of its particular ecological niche-has an adverse
effect on certain other wildlife species even though
the ecological niche of those species may remain
intact. From a narrow human perspective, a quality
environment might be one in which certain "desir
able" wildlife species such as songbirds exist but
which is devoid of "troublesome" members of the
animal community such as insect pests. However,
it is generally not possible to have the benefit
of the most "desirable" elements of the wildlife
community without also accepting the less desir
able elements.

The ecological importance of the woodlands and
wetlands of the watershed and the wildlife residing
in such areas was noted earlier in this chapter and
will not be discussed further here. These woodland
and wetland areas, however, constitute the biologi
cally most productive areas of the watershed, and
are important to the maintenance of diversity in
watershed biota because of their ecological control
function. Open space linkages must, however, be



preserved between the best wildlife habitat areas,
and the environmental corridor concept is par
ticularly important in this respect. If adequately
protected and properly managed, the remaining
wildlife habitat in the watershed has the potential
to provide the minimum elements needed to main
tain a relatively heathy ecologic system.

Education and Research Function: Wildlife in the
context of their natural habitat are valued by
educators, naturalists, and researchers as objects
of observation and study. The potential educa
tion and research function of wildlife and their
habitats is very similar to the education and
research value of woodland and wetland areas
which were discussed earlier in this chapter. The
remaining wildlife and wildlife habitat of the Pike
River watershed have the potential to meet the
educational needs of watershed residents if selected
sites throughout the basin are protected by public
or private acquisition for that purpose.

Recreation Related Values: The presence of wild
life contributes to the enjoyment of certain out
door recreational activities. There is opportunity
for the development of a limited recreational
fishery in some of the watershed stream system
provided that the adopted water use objectives and
supporting standards are achieved. Bird watching
and photography may be readily enjoyed by resi
dents of the urban and urbanizing Pike River
watershed provided that sufficient habitat is pre
served. Opportunities for hunting are limited in
the watershed because of the small size of the
remaining habitat areas and, equally important,
hecause of their close proximity to urban areas.
Hunting for rabbit and other small game is pres
ently possible in the western portion of the basin,
but even these hunting opportunities may be
expected to diminish with the advance of urban
development in the watershed.

Park, Outdoor Recreation, and
Related Open Space Sites
Existing Sites: An inventory of the existing parks,
outdoor recreation areas, and related open space
sites was conducted within the Region and the
watershed during 1973, under the regional park,
outdoor recreation, and related open space plan
ning program of the Commission. This inventory
indicated a total of 35 existing park, outdoor
recreation, and related open space sites within the
watershed, totaling 1,918 acres (3.0 square miles),
or about 6 percent of the total area of the water
shed.12 The distribution of these sites by ownership

is shown in Table 25. The spatial distribution of
existing parks, outdoor recreation areas, and related
open spaces is shown on Map 21, while Figure 13
illustrates the relative size of such areas to the
watershed as a whole and also facilitates a compari
son of public and private holdings.

Of the total 35 sites, and 1,918 acres of existing
park, outdoor recreation, and related open space
in the watershed, public ownership accounts for
23 sites covering 1,418 acres, or 74 percent of the
total acreage. Nonpublic ownership accounts for
the remaining 12 sites encompassing 500 acres, or
26 percent of the total acreage. Of the 1,418 acres
of park, outdoor recreation, and related open
space sites in public ownership, 747 acres, or
apout 53 percent, are owned by the State of
Wisconsin, in the area belonging to the Univer
sity of Wisconsin-Parkside. County-owned land
amounts to 433 acres, or about 31 percent of these
public lands, with 353 acres of the county total
comprising Petrifying Springs Park.

12 The 3.00 square miles of "existing park, outdoor
recreation, and related open space sites" in the
watershed as inventoried in 1973 under the Com
mission's regional park, outdoor recreation, and
related open space planning program is 1.81 square
miles, or 152 percen t, greater than the 1.19 square
miles of ''park and recreation" land inventoried in
1975 under the Commission's continuing land use
transportation study. This difference is primarily
attributed to an ownership-based definition of
park, recreation, and open space used in the former
inventory, contrasted with a land use-oriented
definition of park and recreation in the latter
inventory. For example, a parking lot owned by
a county and contained within a county park was
considered part of a park, recreation, and open
space site in the ·1973 park and recreation study
inventory, but was not so included in the 1975
land use inventory because the primary use was
parking as opposed to recreation.
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Table 25

EXISTING PARK, OUTDOOR RECREATION, AND RELATED
OPEN SPACE SITES IN THE PIKE RIVER WATERSHED: 1973

Percent Percent of Percent
Number of of Public Nonpublic of Total

Ownership Sites Acres Sites Acres Sites Acres Sites Acres

Public
State .......... 1 747 4.3 52.7 -- -- 2.9 38.9
County ......... 2 433 8.7 30.5 -- -- 5.7 22.6
City-Village....... 6 93 26.1 6.6 -- -- 17.1 4.9
Town .......... 3 14 13.1 1.0 -- -- 8.6 0.7
School District. . ... 11 131 47.8 9.2 -- - - 31.4 6.8

Subtotal 23 1,418 100.0 100.0 -- -- 65.7 73.9

Nonpublic
Organizational . . . . . 1 159 -- .- 8.3 31.8 2.9 8.3
Commercial ...... 7 137 -- - - 58.4 27.4 20.0 7.2
Private (restricted). .. 4 204 -- -- 33.3 40.8 11.4 10.6

Subtotal 12 500 -- -- 100.0 100.0 34.3 26.1

Total 35 1,918 -- -- - - -- 100.0 100.0

Source: SEWRPC.

The nonpublic recreation sites, consisting of pri
vate, organizational, and commercially operated
recreational lands, account for about 34 percent
of the number of sites in the wa~rshed and 26 per
cent of the acreage. About 23 percent of the
nonpublic acreage, or 363 acres, is owned by
organizations such as parochial schools and private
clubs. The remaining 137 acres are operated on
a profitmaking commercial basis.

Potential Sites: According to an inventory of poten
tial outdoor recreation and related open space sites
which was also conducted within the Region
during 1974 under the Commission's regional park,
outdoor recreation, and related open space plan
ning program, eight potential recreation and
related open space sites exist in the Pike River
watershed, as shown on Map 21. Four of these
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sites, covering 243 acres, are located in the Town
of Mt. Pleasant in Racine County. The remaining
four sites, covering 610 acres, are located in the
Town of Somers in Kenosha: County.

Environmental Corridors
One of the most important tasks completed under
the regional planning effort has been the identi
fication and delineation of those areas of the
Region in which concentrations of recreational,
aesthetic, ecologiCal, and cultural resources occur
and which, therefore, should be preserved and pro
tected. Such areas normally include one or more
of the following eight elements of the natural
resource base which are essential to the mainte
nance of both the ecological balance and natural
beauty of the Region: 1) lakes, rivers, and streams
and their associated shorelands and floodlands;



Map21

EXISTING AND POTENTIAL PARK, OUTDOOR RECREATION, AND
RELATED OPEN SPACE SITES IN THE PIKE RIVER WATERSHED: 1973

A total of 35 park, outdoor recreation. and related open
space sites encompassing 1,918 acres exist in the Pike
River watershed. About 74 percent of this land is owned
bv public entities such as the State, theCounw. cities,
and school systems. The remainder of park, outdoor
recreation, and related open space sites are owned by
nonpublic entities such as parochial schools and pri
vate clubs. Potential outdoor recreation sites encompass
about 853 acres.
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Figure 13

AREAL EXTENT OF EXISTING PARK, OUTDOOR RECREATION, AND RELATED
OPEN SPACE SITES IN THE PIKE RIVER WATERSHED BY OWNERSHIP: 1973

TOTAL WATERSHED AREA
51.54 SQU/llR£ MILES

PUBL.IC

COMMERCIAL-C.21 SQUARE MILE------'

ORGANIZATIONAL-c,25 SQUARE MILE----'

PRIVATE - O.~2 SQUARE MILE ----'

NONPUBLIC-Q,7S SQUARE MILE

CITY, VI-LAGE, OR TOWN
0.17 SQUARE MILE

PUBLIC-2.ZZ SQUARE MILES

SCHOOL-O.ZO SQUARE MILE-------"

Source: SEWRPC.

2) wetlands; 3) woodlands; 4) prairies; 5) wildlife
habitat areas; 6) wet, poorly drained or organic
soils; 7) rugged terrain and high relief topography;
and 8) significant geological formations and phy
siographic features. While the foregoing elements
comprise the integral parts of the natural resource
base, there are five additional elements which,
although not part of the natural resource base
per se, are closely related to or centered on that
base and are a determining factor in identifying
and delineating areas with recreational, aesthetic,
ecological, and cultural value: 1) existing park and
open space sites; 2) potential park and open space
sites; 3) historic, archaeological, and other cultural
sites; 4) significant scenic areas and vistas; and
5) natural and scientific areas'.

The delineation of these 13 natural resource and
natural resource-related elements on a map results
in an essentially linear pattern of relatively narrow,
elongated areas which have been termed "environ
mental corridors" by the Commission. Primary
environmental corridors include a wide variety of
such important resource and resource-related ele-

ments and are at least 400 acres in size, two miles
in length, and 200 feet in width. Secondary envi
ronmental corridors connect with primary environ
mental corridors, and are at least 100 acres in size
and one mile in length.

In any discussion of environmental corridors and
important natural features, it is important to
point out that because of the many interacting
relationships existing between living organisms
and their environment, the destruction or dete
rioration of an important element of the total
environment may lead to a chain reaction of
deterioration and destruction. The drainage of
wetlands, for example, may have far-reaching
effects since such drainage may destroy fish
spawning grounds, wildlife habitat, groundwater
recharge areas, and natural filtration and flood
water storage areas of interconnecting stream sys
tems. The resulting deterioration of surface water
quality may, in turn, lead to a deterioration of the
quality of the groundwater which serves as a source
of domestic, municipal, and industrial water supply
and upon which low flows of rivers and streams
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may depend. Similarly, the destruction of wood
land cover may result in soil erosion, stream silta
tion, more rapid runoff, and increased flooding,
as well as the loss of wildlife habitat. Although the
effects of anyone of these environmental changes
may not in and of itself be overwhelming, the com
bined effects must eventually lead to serious
deterioration of the underlying and supporting
natural resource base and of the overall quality of
the environment for life. The need to maintain the
integrity of the remaining environmental corridors
and important resource features within the Pike
River watershed thus becomes apparent.

Primary Environmental Corridors: The primary
environmental corridors in the Pike River water
shed are located primarily along the main stem of
the Pike River from the area within and adjacent
to Petrifying Springs County Park located in the
Town of Somers in Kenosha County to the mouth
of the Pike River located in the City of Kenosha.
These primary environmental corridors contain
most of the remaining high-value woodlands, wet
lands, and wildlife habitat areas in the watershed;
are, in effect, a composite of the best individual
elements of the natural resource base; and have
truly immeasurable environmental and recreational
value. The protection of the primary environ
mental corridors from intrusion by incompatible
rural and urban uses, and thereby from degradation
and destruction, should be one of the principal
objectives of the watershed planning program. The
primary environmental corridors should be consid
ered inviolate; their preservation in an essentially
open, natural state-including park and open space
uses, limited agricultural uses, and country estate
type residential uses-will serve to maintain a high
level of environmental quality in the watershed,
protect its natural beauty, and provide valuable
recreation opportunities. As indicated on Map 22,
about 1,189 acres, or 3 percent of the total water
shed area, are encompassed within the primary
environmental corridors.

Secondary Environmental Corridors: The secondary
environmental corridors in the Pike River watershed
are located along the main stem of the Pike River
through the Town of Mt. Pleasant and upstream
from the primary environmental corridors within
and adjacent to Petrifying Springs County Park,
along Pike Creek located in the Towns of Somers
and Pleasant Prairie, also upstream from the pri
mary environmental corridors within and adjacent
to Petrifying Springs County Park, and along
several intermittent streams tributary to the main

stem of the Pike River located in the Towns of
Mt. Pleasant and Somers. These secondary environ
mental corridors contain a variety of resource
elements, often remnant resources from former
primary environmental corridors which have been
developed for intensive agricultural or urban pur
poses. Secondary environmental corridors facili
tate surface water drainage, maintain "pockets" of
natural resource features, and provide corridors for
the movement of wildlife, as well as for the move
ment and dispersal of seeds for a variety of plant
species. Such corridors are also important to the
maintenance of environmental quality and should
be preserved in an essentially open, natural state.
As indicated on Map 22, about 596 acres, or 2 per
cent of the watershed, are encompassed within
secondary environmental corridors.

Isolated Natural Features: In addition to the pri
mary and secondary environmental corridors, other
smaller pockets of concentrations of natural
resource base elements exist within the watershed
area. These pockets are isolated from the environ
mental corridors by urban development or agri
cultural uses, and although separated from the
environmental corridors network, such "isolated"
natural features may have important natural values.
Isolated natural features may provide the only
available wildlife habitat in an area, provide good
locations for local parks and nature study areas,
and lend unique aesthetic character or natural
diversity to an area. Important isolated natural fea
tures within the Pike River watershed include the
Sanders County Park hardwoods-which have been
designated as a state scientific area-and a variety
of important isolated wetland and woodland areas
located throughout the watershed. These isolated
natural features should also be protected and pre
served in their natural state whenever possible.
Such isolated areas within the watershed are shown
on Map 19, as those areas of woodlands and wet
lands which do not correspond to primary or
secondary environmental corridors. About 654
acres, or 2 percent of the watershed area, are
encompassed within isolated natural areas that
are five acres or greater in size.

SUMMARY

The Pike River watershed is a complex of natural
and man-made features that interact to provide
a changing environment for human life. Future
changes in the watershed ecosystem and the favor
able or unfavorable impact of those changes on the
quality of life within the watershed will be largely
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Map 22

ENVIRONMENTAL CORRIDORS IN THE PIKE RIVER WATERSHED: 1975

Environmental corridors encompass almost all of the
remaining high-value woodlands, wetlands, and wildlife
habitat areas in the watershed, as well as many of the
stfeams and associated undeveloped shorelands and
floodlands; the significant topographic and geologic
formations; and important ecological, recreational, his
toric, and cultural resources of the watershed. Primary
environmental corridors in the watershed include a wide
variety of these important resources and are located
along the main stem of the Pike River from the area
within and adjacent to Petrifying Springs CountY Park
to the mouth of the Pike River. Seconoary environ
mental corridors, which generally are less diverse and
smaller in size than the primary environmental corri
dors, also include important resources and are located
along the upper reaches of the main stem of the Pike
River and along other streams tributary to the Pike
River. The preservation of the natural resources encom
passed within the environmental corridors and the
protection of such corridors from intrusion by incom
patible rural and urban uses, and thereby from degrada
tion and destruction, should be one of the principal
objectives of the watershed planning program. In addi
tion to the primary and secondary environmental cor·
ridors, other pockets of important natural resources
exist within the watershed. Such pockets of isolated
natural features-which may provide the only available
wildlife habitat in an area, which provide good locations
for local parks and nature study areas, end which lend
unique aesthetic character and natural diversitY to an
area-should also be preserved and protected when
ever possible.
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determined by human actions. The Pike River
watershed planning program seeks to rationally
direct those actions so as to favorably affect the
overall quality of life in the watershed. This
chapter describes the natural resource base and
man-made features of the watershed, thereby
establishing a factual base upon which the water
shed planning process may be built.

The man-made features of the watershed include
its political boundaries, its land use pattern, its
public utility network, and its transportation
system. These features along with the resident
population and the economic activities within the
watershed may be thought of as the socioeconomic
base of the watershed.

The 51.54-square-mile Pike River watershed com
prises 2 percent of the Southeastern Wisconsin
Planning Region and is the fifth smallest of the
11 distinct watersheds located wholly or partly
within the Region. The watershed lies in two coun
ties, three townships, two villages, and two cities.

The 1975 resident population of the watershed was
estimated at about 29,000 persons, or about 2 per
cent of the total population of the Region. From
1950 to 1960, the Pike River watershed growth
rate was slightly higher than that of Kenosha and
Racine Counties and of the Region. However, from
1960 to 1970, the growth rate was significantly
higher than that of Kenosha and Racine Counties
and of the Region. Population densities within the
watershed range from less than 350 persons per
gross square mile in the still rural areas of the
watershed to a maximum of 3,700 persons per
gross square mile in the urbanized areas. Median
age in the watershed is slightly less than that of
the Region, whereas household size and house
hold income are somewhat higher than that for
the Region.

Total employment in the watershed in eight major
industrial groups is estimated at 9,200. Of that
total, 2,600 jobs, or 28 percent, are provided in the
manufacturing sector. Of that sector total, 1,900
jobs, or 72 percent, are provided in the chemical,
petroleum, rubber, and plastic products category.

Urbanization occurred first within the watershed
in the vicinity of the Village of Sturtevant and by
1963 had occurred not only in the Sturtevant area
but in scattered small areas throughout the water
shed, constituting approximately 19 percent of the
total area of the watershed. By 1975, approxi-

mately 28 percent of the total area of the water
shed was in urban use. As of 1975,37 square miles,
or 72 percent of the watershed area, were in rural,
as opposed to urban land use. The dominant land
use in the watershed is still agriculture, which
encompasses 32 square miles, or 63 percent of the
total watershed area.

The watersheds' public utility base is composed of
its sanitary sewerage, water supply, electric power,
and gas service systems. Adequate supplies of both
electric power and natural gas are available to all
areas of the watershed. A total of eight sanitary
sewerage systems or portions thereof serve about
19 percent of the total area of the watershed and
approximately 85 percent of the total resident
population of the watershed. Two sewage treat
ment plants serving a population of 5,100 persons,
or 18 percent of the population of the watershed,
and 21 percent of the sewered population of the
watershed, discharge treated effluent to the sur
face waters of the watershed. The rest of the
sewered area of the watershed drains to two large
treatment plants located on Lake Michigan and
a small treatment facility located outside the
watershed in the Town of Pleasant Prairie. Four
public water supply systems serve the urban areas
of the Pike River watershed. The Kenosha Water
Utility and Racine Water Department operate
complete and independent water supply services,
and provide wholesale service to the Town of
Somers Sanitary District No.1 and the Sturtevant
Water and Sewer Utility, respectively. These four
public water utilities all utilize Lake Michigan as
a source of supply.

The watershed is well served by an extensive all
weather arterial street and highway system. Two
types of bus service are available in the watershed:
urban mass transit and intercity bus service, urban
mass transit service being provided by the Cities
of Kenosha and Racine. Railroad service in the
watershed is limited to freight hauling, except for
scheduled Amtrak passenger service over a line of
the Milwaukee, St. Paul & Pacific Railroad Com
pany (The Milwaukee Road) between Milwaukee
and Chicago, with a stop in Sturtevant, and a com
muter service from Kenosha to Chicago operated
by the Chicago & North Western Transportation
Company. Kenosha Municipal Airport, the only air
port in the basin, provides general aviation service.

The natural resource base of the watershed is
a composite of climate, physiography, geology,
soils, water resources, and fish and wildlife
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resources. Inasmuch as the underlying and sus
taining natural resource base is highly vulnerable
to misuse and destruction, management of the
remnants of that resource base must be a primary
consideration in the Pike River watershed plan
ning effort.

Because of its midcontinental location, far removed
from the moderating effect of the oceans, the Pike
River watershed has a climate characterized by
a progression of markedly different seasons. An
essentially continuous pattern of distinct weather
changes occurring at about three day intervals is
superimposed on the seasonal pattern. Air tem
peratures in the watershed range from a daily
average of about 220 F in January to 720 F in July.
Watershed temperature extremes have ranged from
a low of about - 240 F to a high of approximately
1030 F. The eastern portion of the watershed
exhibits lakeshore temperature characteristics such
as summer average daily maximum temperatures
l oF to 40 F lower than those experienced in the
western portion of the basin which exhibits inland
temperature characteristics.

Average annual precipitation within the watershed
is 32.4 inches expressed as water equivalent, and
average monthly amounts range from a low of
1.27 inches in February to a high of 3.89 inches
in June. The average annual amount of snow and
sleet expressed as snow and sleet is 46.3 inches
which, when converted to its water equivalent,
constitutes 14 percent of the total annual precipi
tation. About 90 percent of the annual snowfall
occurs in the four months of December, January,
February, and March. Annual total precipitation
in the vicinity of the watershed has varied from
a low of 17 inches to a high of 50 inches. Snowfall
has, relative to the annual average, historically
exhibited a wider variation than total precipitation,
with the annual snowfall ranging from a low of five
inches to a high of approximately 109 inches. As
a result of its proximity to Lake Michigan, the
eastern part of the watershed experiences an aver
age of about 4.7 inches more seasonal snow and
sleet accumulations than does the western part of
the watershed.

With respect to snow cover, there is a 0.25 proba
bility of having five or more inches of snow on
the ground during January and the first half of
February. A minimum of six or more inches of
frozen ground normally exists in the watershed
during January, February, and the first half of
March. Annual potential evaporation in the water
shed is about 29 inches and is approximately equal,
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both annually and seasonally, to precipitation. Pre
vailing winds follow a clockwise pattern in terms
of prevailing direction over the seasons of the year,
being northwesterly in the late fall and winter,
northeasterly in the spring, and southwesterly in
the summer and early fall.

Daylight in the watershed ranges from a minimum
of 9.0 hours on about December 22nd to a maxi
mum of 15.4 hours on about June 21st. The
smallest amount of daytime sky cover occurs from
July through October, when the mean monthly
daytime sky cover is approximately 0.5, whereas
a sky cover of about 0.7 may be expected from
November through March.

Watershed topography and physiographic features
have been largely determined by the underlying
bedrock and overlying glacial deposits. The last of
the four major stages of glaciation occurred about
11,000 years ago and was the most influential in
sculpturing the watershed land surface. Watershed
topography is asymmetrical, with the eastern
border of the watershed being lower--about 80 to
170 feet-than the western edge of the basin. Sur
face elevations within the watershed range from
a high of approximately 780 feet above National
Geodetic Vertical Datum at the border of the
watershed west of the Village of Sturtevant to
a low of approximately 590 feet above National
Geodetic Datum at the mouth of the Pike River,
a maximum relief of 190 feet.

Surface drainage within the watershed is very
diverse with respect to channel cross-sectional
shape, channel slope, degree of stream sinuosity,
and floodland shape and width. The heterogeneous
character of the surface' drainage system is due
partly to the natural effect of glacial drift and
partly to channel modifications and other results
of urbanization in the basin.

The geology of the Pike River watershed is a com
plex system of various layers and ages of rock
formations. These formations slope gently down
toward the east, and consist of, in ascending order,
predominantly Precambrian crystalline rocks
granite and quartzite; Cambrian through Silurian
sedimentary rocks-sandstone, siltstone, dolomite,
and shale; and unconsolidated surficial deposits
clay, silt, sand, gravel, and boulders.

Streams and associated floodlands comprise the
most important elements of the natural resource
base of the watershed, primarily because of the
associated aesthetic, recreational, and economic



values. There are 40.7 lineal miles of perennial
streams within the watershed, and inasmuch as
there are no major lakes of 50 acres or more in
size in the watershed, these streams along with
ponds and wetlands constitute the watershed's
surface water resources.

Extensive groundwater resources underlie the Pike
River watershed and are an integral part of the
much larger groundwater system that lies beneath
the Southeastern Wisconsin Planning Region. The
aquifers lying beneath the watershed, which attain
a combined thickness in excess of 1,500 feet, may
be subdivided so as to identify three distinct
groundwater sources. In order from the land sur
face downward they are the sand and gravel
deposits in glacial drift, the shallow dolomite
strata in the underlying bedrock, and the deeper
bedrock strata composed of sandstone, dolomite,
siltstone, and shale. The combined groundwater
reservoirs are the source of water supply for the
rural areas of the watershed while the gradual dis
charge from the groundwater reservoir supplies
the baseflow to the Pike River and its tributaries.

Since the early settlement of the Pike River water
shed there has been a sharp decrease in the variety
and quantity of wildlife due to the decrease in
woodlands, wetlands, and other natural areas.
Woodlands and wetlands are both presently being
lost at a rate of five acres per year due to activi
ties such as agriculture and highway construction.
Most of the remaining wildlife habitat areas are
located in the headwater portions of the Pike

Creek and along the Racine/Kenosha County line.
The remaining fish and wildlife resources are par
ticularly significant to the Pike River watershed
because of the recreational, educational, and aes
thetic value they impart.

There are 35 existing park, outdoor recreation, and
related open space sites within the watershed,
totaling 1,918 acres, or about 6 percent of the
watershed area. Of this total, 23 sites encompassing
1,418 acres, or 74 percent of the total acreage, are
in public ownership. A watershedwide inventory
indicated the existence of only eight potential rec
reation and related open space sites, encompassing
a total area of 853 acres.

The delineation of selected natural resource and
natural resource-related elements in the watershed
produces an essentially lineal pattern of narrow,
elongated areas which have been termed environ
mental corridors by the Southeastern Wisconsin
Regional Planning Commission. As of 1975, pri
mary and secondary environmental corridors
encompassing the best remaining elements of the
natural resource base-including the surface waters,
associated shorelands and floodlands, and the best
remaining woodlands, wetlands, wildlife habitat
areas, and existing and potential park sites-as well
as isolated natural features occupied 2,439 acres,
or 7 percent of the watershed area. The preserva
tion of the remaining environmental corridors and
isolated natural features in essentially natural, open
uses is essential to maintaining a high level of
environmental quality in the Pike River watershed.
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Chapter IV

ANTICIPATED GROWTH AND CHANGE IN THE WATERSHED

INTRODUCTION

In any planning effort, forecasts are required for
all future events and conditions which are consid
ered to lie outside the scope of the plans to be
prepared, but which affect~ither the design of
the plans or their 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
employment levels. Although the spatial distribu
tion of future population and employment levels
can be influenced by public land use regulation,
control of changes in population and economic
activity levels per se lies largely outside the scope
of governmental activity-at least at the regional
and local levels. In the preparation of a compre
hensive watershed plan, therefore, future popula
tion and economic activity levels 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 can be
prepared to meet this demand. This land and water
use plan can, in turn, provide a basis for the prepa
ration of supporting water resource management
facility plans.

It should be noted that the population and employ
ment forecasts presented in this chapter have not
been independently prepared for the current study,
but rather are common to the forecasts used in the
preparation of the Commission's regional land use
and transportation plans, as well as to other func
tional elements of the comprehensive regional plan
for southeastern Wisconsin-induding the areawide
water quality management plan. The use of this
common body of data on anticipated change helps
assure full coordination. of all aspects of the Com
mission's long-range areawide planning activities.
The forecasts and the techniques used to prepare
those forecasts are fully described in Chapter III
of SEWRPC Planning Report No. 25, A Regional
Land Use Plan and a Regional Transportation Plan
for Southeastern Wisconsin: 2000, Volume Two,
Alternative and Recommended Plans, published in
May 1978. The population data presented in this
chapter were also based upon SEWRPC Technical
Report No. 22, Recent Population Growth and

Change in Southeastern Wisconsin, 1970-1977,
which presents the findings of a reevaluation of
the population forecasts contained in SEWRPC
Planning Report No. 25.

While the design year 2000 population and employ
ment levels and the corresponding 1985 stages for
the Region and for Kenosha and Racine Counties
as set forth in this chapter represent forecast levels,
the design year 2000 and intermediate stage 1985
population and employment levels for the Pike
River watershed represent levels expected to exist
in the watershed if the forecast population and
employment increases are spatially distributed in
accordance with the adopted regional land use plan.
Similarly, the year 2000 and year 1985 land use
summaries presented represent planned changes in
land use rather than forecasts of land use change.
The procedures and methodology whereby forecast
changes in population and employment are allo
cated to geographic units smaller than counties
thereby developing a Pleasure of the changes in
land use necessary to accommodate these popula
tion and employment changes---are reported in
Chapter VII of Planning Report No. 25 cited
above. The methodology is based upon both
regional and local land use development objec
tives and standards and is consistent with federal
policies which seek to centralize urban develop
ment and to protect environmentally significant
areas and prime agricultural lands.

POPULATION GROWTH

The regional population forecast for the design
year 2000 selected in 1974 by the Commission
staff and Commission advisory committees antici
pated that the resident population of the Region
would reach a level of approximately 2.22 mil
lion persons by the year 2000 (see Table 26 and
Figure 14). This would represent an increase of
about 460,000 persons, or about 26 percent, over
the 1970 level of about 1.76 million persons. This
anticipated population increase-equivalent to
about 15,300 persons per year from 1970 to
2000-is less than the actual rate of increase of
18,200 persons per year experienced in the Region
from 1960 to 1970, and substantially less than the
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Table 26

ANTICIPATED POPULATION CHANGE FOR THE REGION, KENOSHA COUNTY,
RACINE COUNTY, AND THE PIKE RIVER WATERSHED: SELECTED YEARS 1970-2000

Watershed
Population as

Southeastern Pike Percentage of

Wisconsin Kenosha Racine River Regional

Year Region County County Watershed Population

1970 1,756,083 117,917 170,838 24,224 1
1975 1,789,871 126,651 178,916 28,722 2
1985 1,954,100 149,800 195,500 39,100 2
2000 2,219,300 174,800 217,700 56,300 3

1970·2000
Percent Change 26.4 48.2 27.4 132.4 ..

"

\

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

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

Figure 14

POPULATION TRENDS AND FORECASTS FOR THE
REGION, KENOSHA COUNTY, RACINE COUNTY,
AND THE PIKE RIVER WATERSHED: 1950-2000
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The county population forecasts to the design year
2000 developed for Kenosha and Racine Counties
envisioned continued population increase in both
of these counties. Kenosha County was forecast to
increase from a resident population of 117,900
persons in 1970 to 174,800 persons in 2000-an
increase of 56,900 persons, or about 48 percent.
Racine County was forecast to increase from a resi
dent population of 170,800 persons in 1970 to
217,700 persons in 200Q-an increase of 46,900
persons, or about 27 percent. The 1975 resident
populations of the two counties are estimated to
be approximately 126,700 persons and 178,900
persons, respectively. This represented increases
of about 8,800 persons-or about 7 percent-in
Kenosha County and 8,100 persons-or about
5 percent-in Racine County.

rate of 33,300 persons per year experienced from
1950 to 1960. The 1975 resident population of
the Region is estimated to be 1,789,900 persons
about 33,800 persons, or about 2 percent~ greater
than in 1970. This was equivalent to an average
annual increase of about 6,800 persons per year.

The population of the Pike River watershed almost
doubled between 1950 and 1970, increasing from
a level of about 13,300 persons in 1950 to about
24,200 persons in 1970, an increase of about
82 percent. Based upon the anticipated regional
population increase, and upon an allocation of
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that population to the Pike River watershed-an
allocation based upon regional and local land use
development objectives and standards-this rapid
population growth may be expected to continue
to the year 2000, with a forecast increase of
32,100 persons over the 1970 level to a level in
the design year 2000 of about 56,300 persons.
This would represent an increase of 132 percent.
The 1975 resident population of the watershed
is estimated at 28,700 persons-an increase of
4,500 persons, or 19 percent, over the 1970 resi
dent population.

The 132 percent increase in population anticipated
for the Pike River watershed between 1970 and
2000 substantially exceeds that anticipated for
Kenosha and Racine Counties and for the South
eastern Wisconsin Region as a whole. A higher rate
of growth for the Pike River watershed reflects
an anticipated substantial increase in population
in the areas of the Region peripheral to the Cities
of Kenosha and Racine. As a result of higher
growth rates, the Pike River watershed may be
expected to increase in its proportion of the
regional population from about 1 percent in 1970,
to about 3 percent in 2000.

EMPLOYMENT GROWTH

Economic activity, considered primarily in terms
of employment opportunities, is not linked func
tionally to watershed patterns within southeastern
Wisconsin. Rather, the forces from which eco
nomic activity orginates and is sustained operate
over the entire urbanizing Southeastern Wisconsin
Region. Employment in the Pike River watershed
is expected to increase substantially between 1970
and 2000, exceeding the growth rate forecast for
the Region as a whole. Since the watershed was
still predominantly rural in character in 1970, its
higher anticipated rate of growth in employment
reflects a continued decentralization of economic
activity from the established urban areas of the
Region to suburban and rural fringe area locations.
As shown in Table 27, employment opportunities
within the watershed may be expected to increase
by about 204 percent, or by about 16,900 jobs,
between 1970 and 2000, from about 8,300 jobs in
1970 to 25,200 jobs in 2000. This contrasts with
the 37 percent increase in employment that is fore
cast for the Region over this same time period. By
1975, the employment in the watershed was esti
mated to be 9,200 jobs-an increase of 900 jobs,
or 11 percent, above the 1970 leve1. 1

Table 27

ANTICIPATED EMPLOYMENT FOR THE
REGION AND THE PIKE RIVER WATERSHED

SELECTED YEARS 1970-2000

Watershed
Employment

Southeastern Pike as Percentage

Wisconsin River of Regional

Year Region Watershed Employment

1970 741,600 8,300 1

1975 779,000 9,200 1
1985 878,800 19,500 2
2000 1,015,900 25,200 2

1970-2000
Percent Change 37.0 203.6 _.

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

LAND USE DEMAND

The anticipated population increase of 32,100 per
sons and the anticipated increase in employment
of 16,900 jobs between 1970 and the design year
2000 in the Pike River watershed may be expected
to require the continued conversion of land from
rural to urban uses within the watershed. Between
1963 and 1970 approximately 2.2 square miles
of land were converted from rural to urban uses,
increasing the proportion of the total area of the
watershed in urban land uses from 19 percent-

1 The regional employment forecasts and the
methodology by which they were produced are
discussed in SEWRPC Technical Report No. 10,
The Economy of Southeastern Wisconsin, 1972,
and in Chapter III of SEWRPC Planning Report
No. 25, A Regional Land Use Plan and a Regional
Transportation Plan for Southeastern Wisconsin:
2000, Volume Two, Alternative and Recommended
Plans, 1978. The methodology by which antici
pated future employment levels are determined
for subregional areas such as watersheds is dis
cussed in Chapter VII of Planning Report No. 25,
Volume Two.
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equivalent to about 9.6 square miles-in 1963 to
23 percent-equivalent to about 11.8 square
miles-in 1970. The adopted regional land use
plan calls for the conversion of an additional
5.9 square miles of land from rural to urban land
uses between 1970 and 200Q-an increase of about
50 percent in urban land use over the plan period.
By the plan design year 2000 approximately 17.7
square miles-about 34 percent of the approxi
mately 52 square mile watershed-would be in
urban land uses. By 1975 it is estimated that
approximately 14.2 square miles-about 28 percent
of the watershed area-was in urban land uses,
indicating that about 2.4 square miles of the total
planned change of 5.9 square miles had already
occurred between 1970 and 1975.

SUMMARY

The resident population of the Pike River water
shed is expected to increase from a 1970 level of
about 24,200 persons to a design year 2000 level
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of about 56,300 persons-an increase of 32,100
persons, or about 132 percent. Between 1970 and
2000 employment within the watershed may be
expected to increase by about 16,900 jobs, or
about 204 percent, from approximately 8,300 jobs
in 1970 to 25,200 jobs in the year 2000.

The substantial increase in population and employ
ment anticipated for the Pike River watershed by
the design year 2000 is a function of the antici
pated urban development that will occur in the
watershed in the immediate proximity of the exist
ing Kenosha and Racine urbanized areas, both of
which are anticipated to grow over the period of
the forecasts. This anticipated growth in both
population and employment will require the con
version of 5.9 square miles of land from rural to
urban uses within the watershed between 1970
and the design year 2000. This will represent an
increase of approximately 50 percent over the
11.8 square miles of urban land uses that existed
in the watershed in 1970.



Chapter V

HYDROLOGY AND HYDRAULICS

INTRODUCTION

Hydrology may be defined as the study of the
physical behavior of the water resource from
its occurrence as precipitation to its entry into
streams and lakes or its return to the atmosphere
via evapotranspiration. In accordance with this
definition, an inventory and analysis of the hydro
logy of a watershed may include consideration of
precipitation, evapotranspiration, and other ele
ments of the hydrologic budget; examination of
such factors as soil types and land use that affect
rainfall-runoff relationships; review of stream
gaging records to ascertain the volume and timing
of that portion of the precipitation that ultimately
reaches the surface water system of the watershed
as runoff; and determination of the volume of
water that moves to and from and is contained
within the aquifers lying beneath the watershed.

Hydraulics may be defined as the study of those
factors that affect the physical behavior of water
as it flows within stream channels and associated
natural floodlands; under and over bridges, culverts
and dams; through lakes and other impoundments;
and within the aquifer system of the watershed.
In accordance with this definition, an inventory
and analysis of the hydraulics of a watershed may
include examination of the length, slope, flow resis
tance, and other characteristics of both natural and
modified stream reaches within the watershed;
determination of the hydraulic significance of
the numerous and varied hydraulic structures
bridges, culverts, dams, channelized sections
located throughout the stream system; and deter
mination of the flow characteristics of the aquifers
underlying the watershed.

Comprehensive planning for the wise use and devel
opment of the land and water resources of the
Pike River watershed requires knowledge and
understanding of the relationships existing among
the many natural and man-made features that
together comprise the hydrologic-hydraulic system
of the watershed. The objective of this chapter
is to present a description of the hydrologic
hydraulic system of the Pike River watershed, with
emphasis upon the behavioral characteristics of

that system pertinent to comprehensive watershed
planning. An understanding of this system is impor
tant to the watershed planning process inasmuch
as the system and its behavior form the frame
work within which all the water resource and water
resource-related problems of the watershed must
be analyzed and resolved. Because of the close
interdependence between the various elements
of the hydrologic and hydraulic system of
a watershed, any planned modification to, or
development of, one of these elements must con
sider the potential effects on the other elements.
Only by considering the hydrologic-hydraulic
system as a whole can a sound, comprehensive
watershed plan be prepared and the water-related
problems of the basin ultimately abated.

Digital computer simulation was used in the Pike
River watershed study to aceomplish the neces
sary integrated analysis of the hydrologic-hydraulic
system of the watershed. The primary purpose
of inventorying and analyzing the hydrologic and
hydraulic data and information as presented in this
chapter was to provide the data required by the
hydrologic-hydraulic simulation model.

HYDROLOGY OF THE WATERSHED

The Hydrologic Cycle
The quantity and quality of water at a particular
location within the Pike River watershed may vary
greatly from time to time. These variations may
occur rapidly or slowly and may occur in the
atmosphere, on the land, in the surface waters, or
in the groundwater of the watershed. Moreover,
these variations may involve water in all its
states-solid, liquid, and vapor. This continuous,
unsteady pattern of circulation of the water
resource from the atmosphere to and under the
land surface and, by various processes, back to the
atmosphere is known as the hydrologic cycle.

Precipitation is the primary source of all water in
the Pike River watershed. Part of the precipitation
runs directly off the land surface into stream chan
nels and is ultimately discharged from the water
shed; part is temporarily retained in snow packs,
ponds, and depressions in the soil or on vegetation,
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and is subsequently transpired or evaporated, while
the remainder is retained in the soil or passed
through the soil into a zone of saturation or
groundwater reservoir. Some water is retained in
the groundwater system; but in the absence of
groundwater development, much eventually returns
to the surface as seepage or spring discharge into
ponds and surface channels. This discharge con
stitutes the entire natural flow of surface streams
in the Pike River watershed during extended
periods of dry weather.

With the exception of the groundwater in the deep
sandstone aquifer underlying the watershed, all of
the water on the land surface and underlying the
Pike River basin generally remains an active part
of the hydrologic system. In the deep aquifer,
water is held in storage beneath the nearly water
tight Maquoketa shale formation and is, therefore,
taken into the hydrologic cycle in only a very
limited way. Since the deep aquifer recharge area
lies entirely west of the Pike River watershed,
artificial movement through wells and minor
amounts of leakage through the shale beds provide
the only connection between this water and the
surface water and shallow groundwater resources
of the watershed.

The Water Budget: Quantification
of the Hydrologic Cycle
A quantitative statement of the hydrologic cycle,
termed the water budget, is commonly used to
equate the total gain, loss, and change in storage
of the water resource in a watershed over a given
time period. Water is gained by a basin from
precipitation and subsurface inflow, while water
is lost as a result of evaporation, transpiration, and
surface and subsurface outflow. A change in sur
face and groundwater storage results from an
imbalance between inflow and outflow. The
complete hydrologic budget applicable to the
watershed for any time interval may be expressed
by the equation:

P - GW - E - T - R = S

in which the individual terms are volumes expressed
in inches of water over the entire area of the water
shed and are defined as follows:

P precipitation on the watershed
GW net inflow or outflow of groundwater

from the aquifer beneath the watershed
E evaporation from the watershed'
T transpiration from the watershed'
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R =!' runoff from the watershed measured
as streamflow

S = net change in total surface and ground
water storage

Quantitative data, however, are normally available
for only a few of the elements of the hydrologic
budget. Quantitative measurements, or estimates,
compiled for the Pike River watershed include
precipitation, streamflow, evaporation, and ground
water levels; but the records of each of the phe~

nomena are incomplete or of a relatively short
duration. It is necessary, therefore, to express the
hydrologic budget on an average annual water-year
basis in a simplified form which includes the signi
ficant components of the hydrologic cycle but
excludes those components for which sufficient
data are not available. A water-year time frame..
October 1 of a given year through September 30
of the following year-is used because the begin
ning and end of that period normally correspond
to low and stable streamflows and groundwater
levels; 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
Pike River watershed can be developed consider
ing only the surface and shallow groundwater sup
plies. In its simplest form, then, the long-term
hydrologic budget for the Pike River watershed
may be expressed by the equation:

ET = P - R

where evaporation and transpiration have been
combined into one variable, ET, denoting evapo
transpiration, and where net groundwater flow out
of the watershed has been assumed to be zero, as
has the net change in the total surface and ground
water stored within the watershed. Because of sea
sonal variations in the behavior of the phases of
the hydrologic cycle, this simplified equation is
not generally valid for time durations of less than
a year.

, Evaporation is the process by which water is
transformed from the liquid or solid state to the
vapor state and returned to the atmosphere. Trans
piration is the process by which water in the liquid
state moves up through the plants, is transformed
to the vapor state, and returned to the atmosphere.
Evapotranspiration is the sum of the two processes.



As stated in Chapter III of this report, the aver
age annual precipitation over the watershed is
32.4 inches. Streamflow records collected since
October 1, 1971 at the U. S. Geological Survey
gaging station on the Pike River at the University
of Wisconsin-Parkside campus (station number
04087257) indicate that the average annual dis
charge at that location is about 37.9 cubic feet
per second, which is equivalent to 13.3 inches of
water spread uniformly over the land surface of
the watershed upstream from the gaging station.
Substitution of these values for precipitation and
runoff into the simplified hydrologic budget equa
tion indicates an average annual evapotranspiration
of 19.1 inches. On an average annual water-year
basis, therefore, about 59 percent of the precipi
tation that falls on the Pike River watershed is
returned to the atmosphere by the evapotranspira
tion process, while the remaining 41 percent leaves
the watershed as streamflow.

Atmospheric Phase of the Hydrologic Cycle
The processes of precipitation and evapotrans
piration constitute the atmospheric phase of the
hydrologic cycle of the Pike River watershed. On
a water-year basis, precipitation accounts for
essentially all the water entering the watershed
while evapotranspiration is the process by which
most of the water leaves the watershed.

Precipitation: The average annual total precipita
tion for the Pike River watershed based on a Thies
sen polygon network analysis of data from three
observation stations located near the watershed
is 32.4 inches, as described in Chapter III of this
report, whereas the average annual snow and sleet
fall is 46.3 inches measured as snow and sleet. The
location of these three stations and the availability
of temperature and other meteorological data are
shown on Map 11 and in Table 7 in Chapter III.
That chapter also discusses the significance of pre
cipitation data in the watershed planning process,
and includes information on precipitation-related
climatic factors such as temperatures, snow cover,
and frost depth. Chapter X discusses the results
of various statistical analyses of the basic precipi
tation data, with the results being presented in
graphical and tabular form in Appendix C of this
report. That appendix includes point rainfall
intensity-duration-frequency relationships in both
graphical and tabular form, point rainfall depth
duration-frequency curves, and depth-duration
area curves.

Evapotranspiration: Annual evaporation from
water surfaces, such as ponds and streams, within
the Pike River watershed is about 29 inches and,
therefore, approximately equal to the average
annual precipitation of 32.4 inches. The average
annual evapotranspiration, as calculated in the
hydrologic budget for the watershed, is about
19.1 inches. The lO-inch difference between the
potential for evaporation from a free water surface
and long-term evapotranspiration over the water
shed occurs because evapotranspiration from soils
and plants, depending upon such factors as land
use, temperature, available water, and soil condi
tions, is normally less than evaporation from free
water surfaces.

Surface Water Phase of the Hydrologic Cycle
Surface water in the Pike River watershed is com
posed almost entirely of streamflow since, as
indicated in Chapter III, there are no major lakes
that is, lakes of 50 acres or more in surface area
located within the watershed. Small ponds, which
have a combined surface area of 153 acres, com
prise the remainder of the surface water.

Monitoring Stations: Streamflow is unique among
the components of the hydrologic cycle in that
it is the only component so confined as to pass
a finite location and is, therefore, amenable to
relatively precise measurement of its total quan
tity. As shown on Map 23, three types of stream
stage and discharge monitoring stations have been
constructed and are, or have been, operated in the
watershed by the U. S. Geological Survey.

Streamflow generally is not measured directly at
discharge monitoring stations but is usually derived
from measurements of "stage," that is, of water
surface elevation at monitoring stations along
a stream. In order to convert a measured stage to
its corresponding discharge, a stage-discharge rela
tionship must be developed for each monitoring
site. Such relationships are normally constructed
by making field measurements of discharge for
a wide range of river stages. For each such stage,
discharge is determined by partitioning the total
flow cross section into subareas, using a meter
to measure the flow velocity in each subarea,
multiplying the velocity times the area for each
subarea to obtain subarea discharge, and summing
the discharges for all subareas to obtain the total
discharge. Stage is determined by various types
of indicators with the readings made at intervals by
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an observer or recorded by automatic instruments.
Stage indicators are classified according to the
method by which the stage is measured and by
the manner in which it is read. The principal types
are staff gages, crest stage indicators, wire weight
gages, and continuous recording gages. 2

Gaging stations operated principally for low-flow
studies typically are nonrecording stations, and
usually do not have stage-discharge relationships
developed similar to those at continuous record or
crest-stage gaging stations. Discharge measurements
are made for a range of base-flow conditions. These
base flow measurements are then correlated with
simultaneous discharge at a nearby continuous
record gaging station. Long-term discharge records
for the continuous record station are then used to
estimate discharge at the low-flow gaging site for
the ungaged base flow periods.

The U. S. Geological Survey (USGS) publishes
streamflow data collected each year in a series
of annual publications entitled "Water Resources
Data for Wisconsin." Crest-stage and low flow
gaging data are summarized in USGS reports.3

Table 28 lists the sites in the Pike River watershed
where streamflow data have been collected by the
USGS, describes the type of data collected at each
site, defines the period of record, and identifies
publications containing the data for each site.

2 For a description, including photographs, of the
various types of stage indicators, see SEWRPC
Planning Report No. 26, A Comprehensive Plan for
the Menomonee River Watershed, Volume One,
Inventory Findings and Forecasts, October 1976,
pp. 104-109.

3 Duane H. Conger, Estimating Magnitude and Fre
quency of Floods in Wisconsin, U. S. Geological
Survey Open-File Report, Madison, Wisconsin,
1971 (reprinted in 1976).

B. K. Holmstrom, Low-Flow Characteristics of Wis
consin Streams at Sewage Treatment Plants and
Industrial Plants, U. S. Geological Survey Water
Resources Investigations 79-31, March 1979.

Stephen J. Field, Low-Flow Characteristics of
Small Streams in Proposed Public Law 566 Basins,
U. S. Geological Survey Open-File Report 78-664,
October 1978.
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One continuous record gaging station is currently
being operated in the Pike River watershed by the
USGS in cooperation with the Commission and the
Kenosha Water Utility. The gage is located on the
Pike River at the University of Wisconsin-Parkside
campus, and monitors runoff from 38.7 square
miles, or about 75 percent of the watershed. The
gage has been in operation since October 1, 1971.

One crest-stage gaging station is currently being
operated on Pike Creek near Kenosha by the USGS
in cooperation with the Wisconsin Department of
Transportation. This station has been in opera
tion since 1960 and monitors peak discharges from
a drainage area of 7.25 square miles.

No low-flow gages were in operation in the water
shed, as of June 1980, but low-flow data were
collected previously at eight sites in the watershed
by the USGS in cooperation with the Wisconsin
Department of Natural Resources.

Seasonal Distribution of Peak Stages: Flood stages
recorded at two U. S. Geological Survey gaging
stations in the Pike River watershed-on the Pike
River near Racine (station number 04087257)
and on Pike Creek near Kenosha (0408725)-were
used to evaluate the seasonal distribution of annual
flood peaks. The seasonal distribution of the
recorded peak discharges are shown in Figure 15.

The 20-year record for the station on the predomi
nately rural Pike Creek near Kenosha-which has
a drainage area of 7.25 square miles-indicates that
the occurrence of highwater events is not limited
to anyone season, with annual peaks having
occurred during the months of February through
October. The low frequency of occurrence of
annual peaks in the months of November, Decem
ber and January is typical of not only small pre
dominantly rural watersheds, but also of large
predominantly rural watersheds in southeastern
Wisconsin. The months of March, April, and June
apparently were the most active flood runoff
periods in the Pike Creek watershed between
1960 and 1979, with 65 percent of the recorded
annual peaks having occurred in these months.

The eight years of record available for the station
on the Pike River near Racine-which has a pre
dominantly rural drainage area of 38.7 square
miles-support this conclusion, with seven out of
eight recorded annual peaks having occurred in the
months of March, April, and June.



Map 23

STREAM STAGE AND DISCHARGE STATIONS IN THE PIKE RIVER WATERSHED
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Streamflow is unique among the various components of
the hydrologic cycle in that it is the only component
that is concentrated and confined so as to pass a limited
number of identifiable locations and is. therefore, amen·
able to relatively accurate and precise measurement of
the total quantities involved. As shown above, three
types of stream stage and discharge monitoring stations
have been installed and are, or have been, operated in
the watershed.
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STREAMFLOW GAGING IN THE PIKE RIVER WATERSHED

Period Crest Low-Flow
Station Station of Continuous Stage or Other Data
Number Site Record Recorder Gage Site Source

04087244 Pike River tributary September 12, 1972- X 2
at Sturtevant September 18, 1975

04087247 Pike River tributary October 25,1973 X 2
near Sturtevant September 19, 1974

04087250 Pike Creek near June 29, 1959- X X 1,2,5
Kenosha continuing

04087255 Pike Creek tributary October 25,1973 X 2
near Somers September 19, 1974

04087257 Pike River near October 1, 1971- X 5
Racine continuing

04087260 Pike River near April 26, 1962- X 2
Kenosha August 16, 1967

October 26,1973
September 20, 1974
October 22, 1977

40872465 Pike River tributary October 25,1973- X 2
near Sturtevant September 19, 1974

DS12 Pike River tributary September 2, 1972 X 3,4
at Sturtevant July 17,1973

August 8,1973
October 25, 1973
September 19, 1974
September 19, 1975

DS15 Pike River tributary September 2, 1972 X 3,4
at Somers July 17,1973

August 8, 1973
October 26,1973
September 19, 1974
September 19, 1975

Data Sou rces

1. Duane H. Conger, Estimating Magnitude and Frequency of Floods in Wisconsin, U. S. Geological Survey Open-File Report, Madison, Wis
consin, 1971 (reprinted in 1976).

2. Stephen J. Field, Low-Flow Characteristics of Small Streams in Proposed Public Law 566 Basins, U. S. Geological Survey Open-File Report
78-664, October 1978.

3. W. A. Gebert and B. K. Holmstrom, Low-Flow Characteristics of Wisconsin Streams at Sewage Treatment Plants, U. S. Geological Survey
Water Resources Investigations 45·74, December 1974.

4. B. K. Holmstrom, Low-Flow Characteristics of Wisconsin Streams at Sewage Treatment Plants and Industrial Plants, U. S. Geological Survey
Water Resources Investigations 79-31, March 1979.

5. U. S. Geological Survey, Water Resources Data for Wisconsin, U. S. Geological Survey Water Data Report, published yearly since 1961.

Source: SEWRPC.

A review of the Pike Creek data record indicated
a similarity with the seasonal distribution of peak
stages for the predominantly rural Milwaukee River
watershed. Sixty-four years of gaging record for
the Milwaukee River at Milwaukee indicate that
67 percent of the annual peaks occurred in the
months of March, April, and June, as compared to
65 percent for Pike Creek for the same months for
the 20-year period of record. However, the longer
term Milwaukee River data also indicate that a rela
tively high number of annual peaks occurred in
February. Including the February data in the
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analysis, it was found that 80 percent of the annual
peaks in the Milwaukee River watershed occurred
in what appear to be two distinct periods, Feb
ruary through April and the month of June. The
Pike Creek data for the period 1960-1979 con
tained only one annual peak in the month of
February. However, the Milwaukee River data also
show only one February annual peak during the
'same period. Therefore, based on the above analy
ses, it appears that for the predominantly rural
Pike Creek watershed, and probably for the rural
areas of the entire Pike River watershed, two flood-



Figure 15

SEASONAL DISTRIBUTION OF ANNUAL PEAK DISCHARGES FOR THE PIKE RIVER
NEAR RACINE (04087257) AND FOR PIKE CREEK NEAR KENOSHA (04087250)
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ing seasons may exist. The period February through
April may be classified as a high runoff period
because of the effects of snow accumulation and
frozen ground in February and March, and the
effects of snowmelt or rainfall on near-saturated
soils in March and April when the drying effects of
transpiration are still minimal and when air and
surface temperatures still inhibit evaporation. Fre
quent severe thunderstorms occurring in the month
of June but before the peak period of summer
evapotranspiration may explain the relatively
frequent occurrence of major floods during June
as compared to July and August, two months of
potentially more severe precipitation, but periods
of heavy foliation and evapotranspiration losses
of soil moisture.

In contrast to the predominantly rural areas of the
Pike River watershed, streams draining predomi
nantly urban areas, such as the upper reaches of

Sorenson Creek, exhibit a more uniform distribu
tion of major flooding events during the period
February through November. Although the occur
rence of flooding events is not equally distributed
among these months of the year, the occurrence
of events causing high water in highly urbanized
watersheds is not concentrated within any given
season. The explanation for this phenomenon is
that in predominantly urban watersheds relatively
large proportions of impervious surface area inhibit
infiltration, thereby significantly increasing land
surface runoff during even minor rainfall events
or snowmelt periods. Because significant rainfall
events can be expected for the most part to occur
during all months of the year with the possible
exception of the winter months of December and
January, and because the runoff dampening effects
of infiltration and leaf interception of rainfall
during the summer months are diminished in urban
areas, it follows that the annual distribution of
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flood events in highly urbanized watersheds is
somewhat similar to the annual distribution of
significant rainfall events, and is therefore more
uniformly distributed than that in predominantly
rural watersheds. As a consequence, if uncontrolled
urbanization encroaches into undeveloped areas
in the Pike River watershed, a change in the
annual distribution of major flooding events can
be expected to occur.

Rainfall-Runoff Response: From the perspective of
watershed hydrology and hydraulics, urbanization
is the conversion of floodland and nonfloodland
areas of a basin from rural to urban uses. The
urbanization process, in the absence of compen
satory detention storage or other similar structural
flood control measures, may increase downstream
flood discharges and stages. Increased discharges
result from the more extensive areas being covered
by impervious surfaces and from the shortened
runoff times which usually accompany the conver
sion of land from rural to urban uses.

The rainfall-runoff relationship is influenced by the
degree of imperviousness of the surface in that the
proportion of runoff resulting from a given amount
of rainfall may be expected to increase as the pro
portion of impervious surface increases. Since
urbanization is normally accompanied by an
increase in area covered by impervious surfaces,
it follows that urbanization will result in larger
volumes of runoff for given rainfall events.

The response time of the watershed or subwater
shed varies with the hydraulic resistance character
istics of its surfaces, which in turn are determined
largely by land use. Smooth surfaces, such as paved
areas and the paved channels, gutters, and sewers
typical of urban drainage systems, reduce runoff
times and reduce the base and increase the peak
of runoff hydrographs. In summary, then, the
increase in imperviousness and increased efficiency
of drainage systems associated with the urbaniza
tion process increases runoff volumes and decreases
runoff times. These two effects of urbanization are
additive with the result that incremental urbaniza
tion can cause large increases in flood volumes,
discharges, stages, and areas subject to inundation.

Because of the impact of urbanization, small,
intensely urbanized basins tend to show a rapid
rise in runoff hydrographs subsequent to the begin
ning of rainfall events relative to the rate of rise of
runoff hydrographs in rural basins of similar size.
The primary significance of the rapid response of
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flood flow hydrographs to rainfall events in highly
urbanized watersheds is that very little time is
available to warn riverine area residents of impend
ing flood damage and disruption.

Because significant urbanization may be expected
to occur in the Pike River watershed, the impacts
of such urbanization upon flood flows and stages
and response time have been evaluated in the
watershed planning effort. This evaluation is
described in the analysis of alternative plans, set
forth in Chapter XII of this report.

High-Flow Discharge-Frequency Relationships: The
most important hydrologic characteristics of floods
for watershed planning purposes are the frequency
of occurrence, the peak rate of discharge, the
volume of runoff, and the duration and timing of
the event. Frequency-or "probability"- of occur
rence is defined as the chance of occurrence, in any
year, of a flood equal to or exceeding a specified
magnitude. Probability may be expressed as a deci
mal, a fraction, or a percentage. "Recurrence inter
val" is defined as the average time interval between
floods of a given magnitude and is equal to the
reciprocal of the probability. For example, a flood
that would be equalled or exceeded on the average
of once in 100 years would have a recurrence inter
val of 100 years and a 0.01 probability, or 1 per
cent, chance of occurring or being exceeded in
any year.

A long and continuous record of river discharge
is the best basis for determining flood discharge
frequency relationships. Discharge records for the
Pike River at the University of Wisconsin-Parkside
campus encompass the period since October 1971,
and for the crest-stage gaging station on Pike Creek
at STH 142, the period since 1960. These records
were considered to be of insufficient length to
provide a direct basis for discharge-frequency analy
sis. However, the available streamflow record, in
combination with historic flood stage data, was
considered invaluable for the calibration of the
hydrologic-hydraulic model of the watershed
system as described in Chapter VIII of this report.
Simulated annual instantaneous peak discharges
of the Pike River at Parkside, for Pike Creek at
STH 142, and for other locations throughout
the watershed for the 40-year period from 1940
through 1979 were used to determine one- through
500-year recurrence interval discharges for existing
land use and channel-floodplain conditions. Statisti
cal analyses required to compute the discharges cor
responding to the desired recurrence intervals were



conducted using the log Pearson Type III mpthod
of analysis. That method was used because, as
discussed in Chapter X, "Watershed Development
Objectives, Principles, and Standards," it is recom
mended by the U. S. Water Resources Council and
is specified for floodplain regulatory purposes by
the Wisconsin Department of Natural Resources.
A graphical representation of the resulting exist
ing watershed condition discharge-frequency rela
tionships for the Pike River at Parkside and Pike
Creek at STH 142 is shown in Figure 16.

Whereas Figure 16 presents the discharge-frequency
relationship for instantaneous peak discharges under
existing conditions in the watershed, Figure 17
shows high-flow discharge-frequency relationships
under existing conditions in the watershed at Park
side for periods of 1, 7, 30, and 120 days. These
relationships also were developed using simulated
stream flows and the log Pearson Type III method
of statistical analysis. For a specified discharge,
these curves facilitate estimating the probability
that a specified high streamflow will be maintained

Figure 16
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or exceeded for a given period of time during any
water year. For example, the probability of main
taining an average flow of 100 cubic feet per
second (cfs) or more for a seven-day period in any
water year is about 97 percent, while the prob
ability of maintaining that average flow for 30 days
is a lower 58 percent, and for 120 days an even
lower 6 percent.

Low-Flow Discharge-Frequency Relationships:
Figure 18 shows low-flow discharge-frequency
relationships for the Pike River near Parkside for

periods of 1, 7, 30, and 120 days. Simulated dis
charges for the 40-year period from 1940 through
1979 were used, in conjunction with the log Pear
son Type III method of statistical analysis, to
develop these relationships.

Low-flow discharge-frequency relationships are
useful in water quality management aspects of
comprehensive watershed studies. For example, the
low-flow condition established by the Wisconsin
Department of Natural Resources for evaluating
compliance with water use objectives and sup-

Figure 18

LOW-FLOW DISCHARGE-FREQUENCY RELATIONSHIPS FOR THE PIKE RIVER
NEAR RACINE AT THE UNIVERSITY OF WISCONSIN-PAR KSIDE GAGE (04087257)

EXISTING LAND USE·FLOODLAND DEVELOPMENT CONDITIONS
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Figure 19

FLOW DURATION RELATIONSHIPS FOR THE PIKE RIVER NEAR RACINE AT THE UNIVERSITY OF
WISCONSIN-PARKSIDE (04087257): EXISTING LAND USE-FLOODLAND DEVELOPMENT CONDITIONS
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porting standards is a streamflow equivalent to the
minimum average seven-day flow expected to occur
once on the average of every 10 years. The seven
day-10 year low flow for the Pike River at Parkside,
as obtained from Figure 18, is 5 cfs. However, as
shown in Figure 18, the minimum flow possible is
2 to 3 cfs due to the constant nature of the exist
ing upstream industrial discharges.

Flow Duration Analysis: 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 equalled or
exceeded. Figure 19 is a flow duration curve for
existing land use-floodland and channel develop
ment conditions based on simulated hourly stream
flows for the Pike River at Parkside for the 40 water
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years from 1940 through 1979. The hourly simu
lated flows, on which the Pike River flow duration
relationship is based, range from a low of 2 to 3 cfs
from industrial discharges to a high of 2,900 cfs
on March 30, 1960. Since the flow duration curve
is based on all hourly flows in the simulated
period, it is an effective means of summarizing
streamflow characteristics.

Flow duration curves are most frequently used as
an aid in forecasting the availability of specified
rates of flow. For example, the flow duration curve
for the Pike River at Parkside indicates that an
hourly flow of 2 cfs has been, and may be expected
to be, exceeded 95 percent of the time under exist
ing land use-floodland development conditions,
whereas much higher hourly discharges of 80 cfs
and 550 cfs have been, and may be expected to be,
exceeded only 10 percent and 0.2 percent of the
time, respectively.

Groundwater Phase of the Hydrologic Cycle
That part of precipitation that infiltrates into the
ground and escapes becoming evapotranspiration
or part of the soil moisture percolates downward
until it reaches the zone of saturation and becomes
part of the groundwater reservoir. The inventory
and analysis of the groundwater resources may be
subdivided into two phases: groundwater hydro
logy and groundwater hydraulics. Groundwater
hydrology, as described below, has to do with the
vertical and horizontal extent of the significant
aquifers 4 underlying the watershed, their relative
positions, and the quantities of water contained
within them. In contrast, groundwater hydraulics
relates to such factors as the flow resistance of the
aquifers and the flow patterns associated with
those aquifers.

As stated in Chapter I of this report, the Pike River
watershed planning program is directed primarily
at the resolution of existing and possible future
surface water quantity problems, that is, flooding
problems and surface water pollution problems.
However, an overview of groundwater hydrology
is presented below inasmuch as it contributes to
an understanding of surface water quantity and
quality. Groundwater hydraulics are not discussed

4 An aquifer is a porous water-bearing geologic
formation. As used here, it is a relative term
designating geologic formations, or deposits, that
contain significant amounts of groundwater which
can be used as a principal source of water supply.

in this report with the exception of a brief treat
ment of the potentiometric surface of deep and
shallow aquifers.

Principles of Occurrence: Groundwater in satu
rated rock occupies the pore spaces and other
openings in the rock materials. Similarly, in loose,
unconsolidated materials, groundwater occupies
the spaces between individual grains of silt, clay,
sand, or gravel. In rock, the openings that may be
filled with water include those along bedding
planes, fractures, faults, joints, and solution cavi
ties. Solution cavities probably are important in
the dolomite formations of the Pike River water
shed. Intergranular pore openings in rocks may be
fewer and smaller than those in unconsolidated
materials because they are often constricted by
cementing material, such as calcite and silica. In
rocks such as dolomite, which contain little or
no intergranular pore space, the groundwater
occupies primarily the fractures and crevices that
pass through such rocks.

Groundwater occurs under water table conditions
whenever the surface of the zone of saturation is at
atmospheric pressure. Groundwater occurs under
confined or artesian conditions wherever a satu
rated formation is directly overlain by a relatively
impermeable formation which confines the water
in the permeable unit under pressure greater than
atmospheric pressure. Flow of groundwater from
an artesian aquifer is similar to gravity flow from
a high elevation reservoir through a pipe distribu
tion 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 most of
the recharge of the artesian aquifer occurs where
the confining stratum is missing. Uncased wells
provide conduits for the movement of groundwater
between aquifers in a multiaquifer system, such
as that present in the Pike River watershed, both
upward under artesian head and downward under
gravity flow conditions. Flowing wells result if the
static water level at the well is higher than the land
surface. Flow continues until the water level is
lowered below the land surface.

Groundwater is released from storage in water
table and artesian aquifers as the result of different
physical processes. In a water table aquifer, ground
water is released to wells by gravity drainage of the
aquifer pore spaces. In an artesian aquifer, water is
released to the well as the result of compression
of the aquifer and expansion of groundwater. An
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aquifer consisting of tightly packed, well-sorted
spherical particles of sand may contain up to
40 percent water by volume-about three gallons
per cubic foot of aquifer. Given sufficient time,
about one-half of this volume of water may be
drained by gravity from a water table aquifer with
the other half adhering to the aquifer against the
force of gravity. The quantity of groundwater
released from a cubic foot of similar materials
under artesian conditions is extremely small by
comparison because, under artesian conditions, the
aquifer is not drained but the released water is
instead attributable solely to the expansion of the
water and the compression of the solid material
comprising the aquifer. This expansion of the
water and contraction of the aquifer material is in
response to the reduced water pressure caused by
pumping the aquifer. The practical consequence of
this difference in the origin of water taken from an
unconfined aquifer, compared to a confined or
artesian aquifer, 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 of similar vertical and
horizontal extent and materials.

Hydrologic Characteristics by Aquifer: There are
three principal aquifers underlying the Pike River
watershed: the sandstone aquifer, the deepest of
the three; the dolomite aquifer; and the sand and
gravel aquifer, the shallowest of the three. The
latter two are hydraulically interconnected and,
therefore, are sometimes considered to comprise
a single aquifer. The dolomite aquifer also is com
monly, although incorrectly, called the "limestone"
aquifer. The deep sandstone aquifer is separated
from the shallower dolomite aquifer by a layer of
relatively impermeable shale. The more important
of the three aquifers are the sandstone and the
dolomite aquifers, which underlie the entire water
shed and are generally available for use in any
locality. The sand and gravel aquifer is of lesser
importance because, although it reaches a thickness
of 250 feet in some watershed areas, it does not
yield large quantities of water, and it is particularly
susceptible to pollution from overlying land uses.
The stratigraphic units comprising each of the three
aquifers are summarized in Table 13 of Chapter III.
Hydrologic characteristics of each of the three prin
cipal aquifers are discussed below.

The Sandstone Aquifer: In the Pike River water
shed, the sandstone aquifer includes all of the
geologic units bounded above by the Maquoketa
shale and bounded below by the Precambrian
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rocks. Although it is commonly referred to as the
sandstone aquifer, some of the units contained
within it-for example, the Galena dolomite-are
not sandstones. The Maquoketa shale confines
water in the sandstone aquifer under artesian pres
sure and the shale is normally cased off in wells
to prevent destruction of the well by caving of
the formation.

The surface of the sandstone aquifer is located
approximately 500 to 600 feet beneath the ground
surface of the Pike River watershed. The sandstone
aquifer dips gently downward in an easterly direc
tion at a slope of about 20 feet per mile (about
0.4 foot per 100 feet). The thickness of the sand
stone aquifer beneath the watershed is known to
exceed 1,200 feet. Assuming an average porosity of
15 percent, it is estimated that at least 5.9 million
acre-feet of water are contained within that por
tion of the aquifer lying immediately beneath the
Pike River watershed. This volume of water would
be sufficient to cover the entire watershed to the
depth of 180 feet.

Recharge to the sandstone aquifer enters the aqui
fer system in three ways. It occurs as infiltration of
precipitation through glacial deposits in a recharge
area located west of the watershed along the
western edge of the seven-county Planning Region
where the Maquoketa shale and younger forma
tions are absent. Second, a small amount of
recharge occurs as vertical leakage through the
Maquoketa shale because of the hydraulic head
difference existing between the top and the
bottom of the shale. Third, and also because of
that hydraulic head difference, deep wells uncased
in both the dolomite and sandstone aquifers allow
movement of water from a dolomite aquifer imme
diately above the Maquoketa shale to the sand
stone aquifer beneath. The elevation of the
potentiometric surface ranges from a high between
500 and 525 feet above National Geodetic Vertical
Datum (Mean Sea Level Datum) in the southern
three-quarters of the watershed to a low of about
490 feet in the extreme northern portion of
the basin.

The direction of groundwater movement in the
sandstone aquifer is defined by the potentiometric
surface of the aquifer. Groundwater in about the
northern two-thirds of the sandstone aquifer
beneath the Pike River watershed flows in a gen
erally northerly direction toward the Milwaukee
area, and in the southern one-third toward the Chi
cago area.



The potentiometric surface of the sandstone aqui
fer sloped gently eastward throughout the water
shed in 1880, when the sandstone aquifer was
first tapped by wells. Wells in the aquifer in the
Kenosha-Racine area generally flowed at the sur
face as a result of the artesian pressure. Subsequent
development of the aquifer in southeastern Wis
consin and northeastern Illinois has resulted in
a decline of the potentiometric surface within the
Pike River watershed in excess of 250 feet and
consequently wells no longer flow.

As noted earlier, a small amount of sandstone
aquifer recharge occurs as downward flow through
the Maquoketa shale from the overlying dolomite
aquifer. This flow occurs because there is a hydrau
lic head difference between the dolomite and sand
stone aquifers. The difference in elevation between
the potentiometric surfaces of these two aquifers
defines the approximate head difference acting
across the Maquoketa shale at any locality. If the
vertical permeability of the Maquoketa shale is
assumed to be uniform, leakage will be greatest
where the head differences are largest.

Map 24 indicates the potentiometric surface for the
combined dolomite aquifer and glacial deposits.
The elevation of the potentiometric surface of the
combined dolomite aquifer and glacial deposits is
greater than the elevation of the potentiometric
surface of the sandstone aquifer throughout the
watershed. The difference in hydraulic head for the
two aquifers ranges from 70 to 200 feet. Because
of the head difference between these aquifers, deep
wells encased in both the dolomite and sandstone
aquifers allow easy movement of water from the
dolomite aquifer into the sandstone aquifer.

The Dolomite Aquifer: The dolomite aquifer
underlies the entire Pike River watershed and
consists of silurian dolomite. Maps 13 and 14 in
Chapter III graphically represent, respectively, the
surface topography of the dolomite aquifer and the
thickness of the sand and gravel aquifer. The rela
tively impermeable Maquoketa shale is positioned
immediately below the aquifer, whereas uncon
solidated glacial till, drift, and alluvial deposits,
varying in thickness from 100 to 250 feet, lie
immediately above.

The topography of the surface of the dolomite
aquifer, as shown on Map 13 in Chapter III,
indicates a low-lying area extending roughly from
west to east across the central part of the water
shed as a result of erosion prior to deposition of
the overlying glacial till. The aquifer has a thick-

ness of approximately 200 feet and dips gently
downward in an easterly direction at about 20 feet
per mile (about 0.4 foot per 100 feet).

Recharge to the dolomite aquifer is primarily from
infiltration of precipitation through overlying
glacial deposits. The entire 200-foot thickness of
the dolomite aquifer lies beneath the water table
and is, therefore, saturated with groundwater.
Assuming an average porosity of 5 percent, about
330,000 acre-feet of water exist beneath the Pike
River watershed in the dolomite aquifer. This
quantity of water would be sufficient to cover the
entire watershed to a depth of 10 feet.

The potentiometric surface for the combined dolo
mite aquifer and glacial deposits, as shown on
Map 24, approximately defines the direction of the
groundwater movement in these units in the
watershed. The elevation of the potentiometric
surface ranges from a high of about 700 feet above
National Geodetic Vertical Datum along the north
westerly edge of the watershed to a low of about
580 feet near the watershed outlet at the con
fluence with Lake Michigan. Movement is down
the hydraulic gradient toward Lake Michigan.

The Sand and Gravel Aquifer: The sand and gravel
aquifer consists of stratified, unconsolidated glacial
and alluvial sand and gravel deposits. As shown on
Map 14 in Chapter III, the thickness of the uncon
solidated deposits forming the sand and gravel
aquifer varies from 100 to 250 feet in the Pike
River watershed. The thickness of the zone of
saturation, however, varies from about 230 to
50 feet with an average value of about 110 feet.
Assuming an average porosity of 0.30, about
1.1 million acre-feet of water exist within the satu
rated strata of the sand and gravel. This quantity of
water would ~)e sufficient to cover the watershed
to a depth of about 35 feet.

Direct infiltration of precipitation is a major source
of recharge to the sand and gravel aquifer. Recharge
is greatest where the sand and gravel deposits and
associated permeable soils occur at the surface, and
it is smallest where fine-grain soils, clay, silt, or till
form the surficial deposits. Water in the subsurface
moves downward through the soils to the water
table and then laterally toward streams and pump
ing areas. The potentiometric surface for the com
bined dolomite aquifer and glacial deposits, as
shown on Map 24, defines approximately the
direction of movement of the groundwater in these
units and also the approximate elevation of static
water levels in wells tapping these units.
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Map 24

GENERALIZED POTENTIOMETRIC SURFACE OF THE DOLOMITE
AQUIFER AND GLACIAL DEPOSITS IN THE PIKE RIVER WATERSHED

6:i!O ELEVATION OF THE POTENTIOMETRIC SUfWACE
OF THE Sl-lALLOW AQUIFER IN FEET ABOVE
NATIONAL GEOOETIC DATUM
CONTOUR INTERYAL 20 FEET

LEGEND

NOTE' THIS MAP WAS DEVELOPED USING WELL WATER
LEYEL RECORDS FROM DIFFERENT YEARS
AND SEASONS

The approximate direction of groundwater movement
in the dolomite aquifer and glacial deposits in the water

shed is shown by the above map of the potentiometric
surface-the elevation to which water would rise in an
open well tapping the aquifer. Movement is down the
hydraulic gradient towards discharge points generally
located at the mouth of the watershed near the Lake
Michigan shoreline. Groundwater discharge sustains the
dry-weather flow of the streams in the watershed.
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Natural discharge of groundwater from the glacial
deposits occurs as seepage into the surface water
system, by direct evaporation to the atmosphere
where the water table is shallow, by plant trans
piration during growing seasons, and by filtration
to the dolomite aquifer. Groundwater seepage into
the surface water system, primarily from glacial
deposits, is estimated to be 31.1 inches annually
under existing land use-floodland development con
ditions. 5 This is approximately 74 percent of the
total dry-weather flow of streams in the watershed:
the remaining 1.1 inches, or 26 percent, come from
municipal and industrial point source discharges.

Map 25 shows the estimated depth to seasonal high
water in the sand and gravel aquifer for the Pike
River watershed. Seasonal high water is the aver
age of annual highest groundwater levels most of
which occur in the spring. Soils mapping and soils
moisture information was used by the U. S. Geo
logical Survey to determine the seasonal high water
levels.6 Seasonal high water in this aquifer may be
expected to be less than 10 feet beneath the land
surface for about 44 percent of the watershed area.
The seasonal high water may be expected to be
between 10 and 30 feet beneath the land surface
for 55 percent of the watershed area and in excess
of 30 feet beneath the land surface for the remain
ing 1 percent of the watershed.

HYDRAULICS OF THE WATERSHED

As defined earlier in this chapter, hydraulics-in
the context of comprehensive watershed planning
involves the inventory and analysis of those factors
that affect the physical behavior of water as it
flows within stream channels and on attendant
natural floodplains; under and over bridges, cul
verts and dams; through lakes and other impound
ments; and within the watershed aquifer system.
The preceding portion of this chapter has con
centrated on the hydrology of the Pike River
watershed under the broad categories of surface
water and groundwater hydrology. This section
of the chapter describes the results of the inven-

5Determined using the hydrologic-hydraulic model
described in Chapter VIII.

6 Map 25 was developed from an unpublished map
of the Planning Region entitled "Depth to Seasonal
High Water" prepared by the U. S. Geological
Survey in January 1977 for the SEWRPC areawide
water quality management planning program.

tory and initial analysis of surface water hydraulics
in the Pike River watershed. Inasmuch as there are
no major lakes in the Pike River watershed, the
surface water system of the watershed consists
essentially of the streams and associated flood
plains. An overview of the watershed surface water
resources is presented in Chapter III, "Description
of the Watershed."

Portion of the Stream System Selected for
Development of Detailed Flood Hazard Data
The lineal extent of the perennial and intermittent
streams in the watershed is extensive if each tribu
tary to the Pike River is traced upstream to its
origin. The cost of hydrologic-hydraulic simula
tion-which includes the cost of data collection,
collation and coding; the cost of computer runs;
and the cost of analyzing model results-increases
in proportion to the lineal miles of streams that
are modeled. Therefore, a decision was required
on the portion of the watershed stream system for
which detailed flood hazard information would
be developed by hydrologic-hydraulic simulation
studies prior to inventorying the hydraulic features
of the stream system. Detailed t100d hazard data
are defined to include discharge-frequency rela
tionships under existing and probable future land
use conditions and corresponding flood stage pro
files and areas subject to inundation by floods of
selected recurrence intervals.

Selected Reaches: Stream reaches studied were
selected by the Pike River Watershed Committee
based on historic and anticipated flooding prob
lems as determined by deliberations with local
officials and citizens of the watershed, based on
previous data availability, and based on availability
of funding.

It should be noted that the stream reaches selected
for study are independent of the perennial or
intermittent nature of the streams as defined on
U. S. Geological Survey quadrangle maps. The
perennial or intermittent classification of a stream,
particularly in an urban area, was considered to be
of no consequence since it is not an index to the
severity of either existing or potential flood prob
lems in an urban area or an indication of the
availability of data for analyzing those problems.

Parts of 12 streams within the Pike River water
shed were selected for hydrologic-hydraulic simula
tion leading to the development of detailed flood
hazard information including discharge-frequency
relationships under existing and probable future
development of floodland and nonfloodland areas;
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Map 25

SEASONAL HIGH GROUNDWATER IN THE PIKE RIVER WATERSHED
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The seasonal high groundwater may be expected to
be between 10 and 30 feet beneath the land surface
for 55 percent of the watershed area and in excess
of 30 feet for the remaining 1 percent of the basin.
As would be expected, seasonal high groundwater is
closest to the land surface in topographically low areas
such as those along the Pike River, Pike Creek, and
maior tributaries.
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and corresponding flood stage profiles and areas of
inundation. These streams are shown on Map 26
and consist of: 1) the main stem of the Pike River
in the Towns of Mt. Pleasant and Somers, and in
the City of Kenosha; 2) Pike Creek in the Towns
of Pleasant Prairie and Somers; 3) Somers Branch,
Airport Branch and Tributary to Airport Branch
(tributary to Pike Creek), and Kenosha Branch
(tributary to the Pike River), all in the Town of
Somers; 4) Lamparek Ditch, Chicory Creek, Wax
dale Creek, and Bartlett Branch (tributary to the
Pike River) in the Town of Mt. Pleasant; 5) Tribu
tary to Waxdale Creek in the Village of Sturtevant;
and 6) Sorenson Creek and Nelson Creek in the
Towns of Mt. Pleasant and Somers. Tables 29 and
30, and Map 29 present selected information on
these stream reaches and the tributary drainage
areas. As indicated in Table 29, detailed flood
hazard information was developed for a total of
42.27 miles of streams in the Pike River watershed.

Subsequent to the identification of the above
42.27 miles of stream, the Commission conducted
a detailed engineering inventory of the selected
reaches. This inventory included collection, colla
tion, and preliminary analysis of floodland charac
teristics as well as definitive data on bridges and
culverts and physical information about dams
and sills.

Floodland Characteristics: Included in the category
of floodland characteristics are the magnitude and
variation of channel slope, floodplain shape and
roughness, and the extent and nature of channel
improvements. For a given discharge, each of these
floodland characteristics can be a primary deter
minant of river stage.

Channel Profiles: Figure 20 shows channel profiles
for the 42.27 miles of stream selected for the
development of detailed flood hazard information.
The sources of data for these channel bottom pro
files were channel bottom elevations at bridges,
CUlverts, dams, and drop structures which were
determined from U. S. Soil Conservation Service
and SEWRPC structure drawings, field surveyed
channel cross sections, and stream channel contour
crossings shown on the large-scale topographic
mapping of the watershed. All of these data were
collected and collated as part of the watershed
hydraulic structure inventory.

Channel slopes are irregular, with the steepest
slopes being on the Upper Pike River and generally
flatter slopes on the Lower Pike River and Pike
Creek. All other hydraulic factors being equal or
similar, steep channel slopes result in high stream
flow velocities and shorter runoff times, whereas
flat slopes produce lower velocities and longer
runoff times. Channel slopes in the Pike River and
Pike Creek range from 5.9 to 6.2 feet per mile,
whereas much steeper slopes occur in the smaller
tributaries, ranging from 8.4 to 29.8 feet per mile.

Although the channel profiles do illustrate the
magnitude and variation of slopes throughout
the watershed stream system, the primary pur
pose of developing the profiles was to provide
a basis for estimating channel bottom elevations
for channel-floodplain cross sections located at
points between the bridges, culverts, dams, and sills
at which channel bottom elevations were not deter
min.ed by field surveys. Channel bottom elevations
for these intermediate locations-as obtained from
the channel bottom profiles and in some cases field
surveyed channel cross sections-were required for
the development of floodland cross sections as
discussed below. This procedure was used on all
the streams studied under the Pike River watershed
planning program.

Floodland Cross Sections: The size and shape of
the floodlands, that is, the channel and its natural
floodplain, particularly the latter, are important
floodland characteristics inasmuch as they influ
ence flood stages and the lateral extent of inunda
tion for a given flood discharge. Approximately
700 floodland cross sections at an average spacing
of 300 feet were developed for the 42.27 miles of
stream studied in the Pike River watershed for the
development of detailed flood hazard information.
The aforementioned cross sections exclude those
immediately upstream and downstream of bridges,
culverts, and other hydraulic structures inasmuch
as the latter are intended to represent the config
uration of the riverine area near and around the
structures. In contrast, cross sections located 50 or
more feet upstream and downstream of structures
are intended to reflect the full conveyance of the
unobstructed floodland area. After conversion
to numeric form, these cross sections were input
to the hydraulic submodel of the hydrologic
hydraulic similation model as described in Chap
ter VIII, "Water Resources Simulation Model."
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Map 26

STREAM REACHES IN THE PIKE RIVER WATERSHED SELECTED
FOR PREPARATION OF FLOOD HAZARD INFORMATION

LEGEND

STREAM REACHES FOf'I WHICH FLOOD DISCHARGES
AND PROFILES WERE DEVELOPED UNDER THE
WATERSHEO STUDY

t
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A total of 42.27 miles of streams in the Pike River
watershed were selected for development of. detailed
flood hazard information. A detailed inventory was
conducted of the 42.27 miles of selected stream reach
to det8rm ine the storage and conveyance characteristics
of the floodlands and the hydraulic capacity of all

bridges, culverts, dams. and drop structures.
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Table 29

SELECTED HYDRAULIC DATA FOR THE PIKE RIVER WATERSHED: 1980

Stream Reach Elevation
For Which Difference Major Channel

Flood Stage in Feet from Stream Bridges and Culverts8 Dams and Sills All Structures Modifications

Profiles Were Length Mouth to Slope Hydraulically Hydraulically Hydraulically Hydraulically Hydraulically Hydraulically
Developed (miles) Upstream End (feet/mile) Significant Insignificant Total Significant Insignificant Total Significant Insignificant Total Miles Percent

Upper Pike River. 6.63 40 6.2 9 5 '4 9 5 14 5.43 81
Lower Pike River. 9.61 58 6.0 15 '8 33 '7 18 35
Pike Creek. 7.35 44 5.9 10 5 '5 10 5 15 4.65 76
Sorenson Creek. 3.70 64 17.4 9 2 " 9 2 l' 2.14
Nelson Creek 1.80 36 25.1 6 4 '0 6 4 10
Kenosha Branch. 1.21 36 29.8 3 2 5 3 2 5
Bartlett Branch . 1,53 '2 8.4 6 3 9 6 3 9 1.53 100
Waxdale Creek and

Tributary to WaxdaJe Creek. 1.95 46 23;6 0.47 24
Chicory Creek. 1.89 50 26.6 1.13 60
Lamparek 0 itch. 2.83 62 21.9 2.83 100
Somers Branch 2.38 44 18.5
Airport Branch 0.97 20 21.1 0.52 55
Tributary to Airport Branch. 0.42 3 10.7

Total 42.27 78 50 '28 80 50 130 18.70 41

aIncludes tunnel inlets and outlets and outfall structures.

Source: SEWRPC.

Table 30

SELECTED HYDROLOGIC DATA FOR THE PIKE RIVER WATERSHED: 1975

1975 Land Use
Total Area

RuralTributary to
Downstream- Agriculture Other Total

SUbwate~heda Area Most Point Subbasins and Related Open Landsb Rural

Mean
Square Percent Largest Smallest Area Percent Percent Percent

Acres Miles of Square (square (square (square of of of
Number Name 1'9751 1'9751 Watershed Acres Miles Number miles) miles) miles) Acres Subwatershed Acres Subwatershed Acres Subwatershaj

Pike Creek .. 11.874.19 18.52 36.1 11,874.19 18.52 '6 2.13 0.06 1.20 9.277 78.1 443 3.7 9,720 81.8
Upper Pike River. 11,399.83 17.78 34.6 11,399.83 17.78 '5 2.18 0.42 1.16 7,177 63.0 1,077 9.4 8,254 72.4
Lower Pike River. 9,636.12 15.04 29.3 32,910.14 51.34 15 1.84 0.20 0.94 4,204 43.6 1,616 16.8 5.820 60.4

Total 32.910.14 51.34 100.0 32.910,14 5'.34 46 2.18 0.06 '.'0 20.658 62.8 3.136 9.5 23.794 72.3

1975 Urban Land Use

Retail Governmental Park Transportation,

and and and Communications, and Total

Subwatersheda Residential Service Industrial Institutional Recreational Utility Facilities Urban

Percent of Percent of Percent of Percent of Percent of Percent of Percent of

Number Name Acres Subwatershed Acres Subwatershed Acres Subwatershed Acres Subwatershed Acres Subwatershed Acres Subwatershed Acres Subwatershed

Pike Creek .. 622 5.2 16 0.2 158 1.3 48 0.4 208 1.8 1,103 9.3 2,155 18.2

Upper Pike River. 1;516 13.3 7' 0.6 228 2.0 282 2.5 4' 0.4 1,007 8.8 3,145 27.6

Lower Pike River. 1,874 19.4 58 0.6 62 0.7 323 3.4 522 5.4 977 10.1 3,816 39.6

Total 4,012 12.2 '45 0.4 448 1.4 653 2.0 77' 2.3 3,087 9.4 9.116 27.7

a With the exception olsubbasin areas, data presented in this table were determined by means of approximating the subwatersheds Pv U. $. Public Land Survey quarter sections. The actual measured total watershed area is 51.54 SQua~
miles. whereas the watershed area as approximated by 205 quarter sections is 51.34 SQuare miles.

b Includes water, wetlandt. woodlands, quarries, and other open lands.

Source: SEWRPC.

Floodland cross sections were developed from
several sources including the available large-scale
topographic maps, and field-surveyed cross sec
tions obtained under the watershed study. Channel
bottom elevations for some cross sections were

obtained from the channel profiles prepared under
the study. Map 27 indicates the primary source of
floodland cross-section data by river reach through
out the 42.27 miles of stream for which detailed
flood hazard information was developed. A flood-
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Figure 20

CHANNEL BOTTOM PROFILES FOR THE PIKE RIVER AND SELECTED TRIBUTARIES
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land cross section, typical of those that were drawn
prior to coding the data for input to the hydraulic
submodel, is shown in Figure 21.

Numerous factors were considered in the selection
of the location, length, and orientation of the flood
land cross sections. These factors included non
hydraulic plan preparation and implementation as
well as strictly hydraulic considerations.

A principal hydraulic consideration was the selec
tion of locations representative of the reach
encompassed by the cross section. Other hydrau
lic factors influencing cross-section location
included abrupt changes in cross-sectional area
or shape of the channel, or abrupt changes in
natural floodplain roughness, and discontinuities
in channel slope. Cross sections were generally
located at close, regular intervals so as to assure

that computed flood stages would be of sufficient
accuracy to be useful in all phases of floodland
management including the delineation of flood
land regulatory zones. Furthermore, closely spaced
cross sections facilitate, subsequent to completion
of the watershed plan, the hydraulic evaluation of
proposed floodland developments or other riverine
area changes.

One nonhydraulic factor entering into the loca
tion of floodland cross sections was placement
at points where civil division boundaries intersect
the streams, which was done to permit the evalua
tion of the hydraulic effect of proposed riverine
area developments in one community on upstream
or downstream communities. Another nonhydrau
lic consideration was placement of cross sections
at the points where U. S. Public Land Survey sec
tion and quarter section lines intersect the streams
in order to facilitate the preparation of large-scale

126



Map 27

SOURCES OF CROSS SECTION DATA FOR CHANNEL AND FLOODPLAIN IN THE PIKE RIVER WATERSHED

LARGE SCALE TOPOGRAPHIC MAPPING
QATE OF toER IAL PHOTOGRAPHY

Approximately 700 floodland cross sections at an
average spacing of 300 feet were developed for the
42.27 miles of stream modeled under the Pike River
watershed study. The flood land cross sections were
developed from the several sources shown above which
include large-scale topographic maps of the riverine
areas and field-surveyed cross sections of the riverine
areas. Floodland cross sections are used to determine
the hydraulic characteristics of the stream channel
and floodplains, characteristics that determine flood
stage and the lateral extent of inundation for a given
flood discharge.
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Figure 21

TYPICAL CROSS SECTION OF CHANNEL AND FLOODPLAIN IN THE PIKE RIVER WATERSHED I
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flood hazard maps showing the numerical value of
the regulatory flood stages related to real property
boundary lines.

With respect to orientation, the floodland cross
sections were positioned to be approximately per
pendicular to the main flow of the stream and its
floodplain during flood flow conditions. The ter
minal points of the cross sections were established
at sufficient distance laterally from the stream so
as to be well outside of the anticipated 100-year
recurrence interval floodland limits.

Roughness Coefficients: The Manning roughness
coefficient is a relative measure of the ability of
a channel and its floodplain to convey flow. The
discharge that can be conveyed in a given reach
of channel at a specified channel slope and water
stage is inversely proportional to the Manning
roughness coefficient. Thus, the carrying capacity
of the channel and its floodplain diminishes as the
value of the roughness coefficient increases. Rough
ness coefficients are a function of several factors,
including the kind of material-such as earth, gravel,
and rock-forming the channel and attendant natu
ral floodplain; the kind and density of vegetation
for example, rooted aquatic plants in the channel,
and grass, agricultural crops, brush, and trees on
the adjacent natural floodplains; and the sinuosity
or degree of meandering of the channel.

Floodland Manning roughness coefficients were
assigned on the basis of field examination of the
42.27 miles of stream in the watershed for which
detailed flood hazard information was to be
developed. Values were estimated on the basis
of the various factors summarized in Table 31,
assuming summer or growing season conditions.
These data which, in a particular reach, were
developed separately for the channel and each
attendant natural floodplain, were input to the
hydrologic-hydraulic model used in the watershed
planning program.

Channel Modifications: Channel modifications-or
channelization as it is commonly termed-usually
include one or more of the following changes to
the natural stream channel: channel straightening;
channel deepening and thereby lowering of the
channel profile; channel widening; placement of
a concrete invert and sidewalls; removal of dams,
sills, or other obstructions to flow; and reconstruc
tion of selected bridges and culverts. At times the
natural channel may be relocated or completely
enclosed in a conduit. These modifications to the
natural channel generally yield a lower, hydrau-

lically more efficient waterway, which results in
significantly lower flood stages within the chan
nelized reach. While channelization can be an
effective means of reducing flood damages, it may
entail high aesthetic and ecological costs. Further
more, because of decreased floodplain storage and
increased streamflow velocities resulting from
channelization, channel modifications tend to
increase downstream peak flood discharges and
stages, and, therefore, may cause new flood prob
lems or aggravate existing ones.

Channelization is also employed with artificial
subsurface drainage for agricultural drainage pur
poses to lower high groundwater tables beneath
fields near streams to improve soil moisture con
ditions for crops and for the operation of farm
machinery. Such channelization may also be
beneficial for flood control purposes because of
the increase in channel size attendant to channel
deepening. However, channelization for agricul
tural drainage purposes, as for urban drainage
purposes, can cause increased flood flows and
stages in downstream reaches.

A large portion of the stream system of the Pike
River watershed has been intentionally modified
for flood control and agricultural drainage pur
poses. Of the 42.27 miles of stream system in the
watershed selected for development of detailed
flood hazard data, approximately 18.70 miles, or
44 percent, are known to have undergone some
type of major man-made channel modification.
The channel modifications for the most part have
been made over a long period of time, presumably
by numerous public and private parties, and con
sequently adequate records are not available to
identify all of the stream reaches so modified.

Artificial Subsurface Drainage: Artificial subsur
face drainage is a factor primarily affecting the
low-flow regimen of a watershed and is often
closely associated with channel improvement.
Large portions of the Pike River watershed have
such poor surface drainage under natural condi
tions that it has been deemed 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 have been installed, it is not possible
to determine precisely the total tile-drained area.
Map 3 shows the drainage districts within the
Pike River watershed where tile underdrains may
exist. Tile outfalls observed at numerous other
locations in the watershed indicate that artificial
subsurface drainage of agricultural lands is wide-
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Table 31

MANNING ROUGHNESS COEFFICIENTS APPLIED TO THE
CHANNEL AND FLOODPLAINS OF THE PIKE RIVER WATERSHED

Channel Floodplain

Roughness
Roughness Coefficient

Coefficient
Condition Componenta Condition Minimum Normal Maximum

Material Concrete 0.013
Involved

Earth 0.020 Pasture Short grass 0.025 0.030 0.035

Rock cut 0.Q25 High grass 0.030 0.035 0.050
n1

Fine gravel 0.024 Cultivated No Crop 0.020 0.030 0.040
Areas

Coarse gravel 0.028 Mature row crops 0.025 0.035 0.045

Degree of Smooth 0.000 Mature field crops 0.030 0.040 0.050
Irregularity

Minor 0.005 Brush Scattered brush, heavy weeds 0.035 0.050 0.070
n2

Moderate 0.010 Light brush and trees, in winter 0.035 0.050 0.060

Severe 0.020 Light brush and trees, in summer 0.040 0.060 0.080

Relative Effect Negligible 0.000 Medium to dense brush, in winter 0.045 0.070 0.110
of Obstructions

Minor 0.010-0.015 Medium to dense brush, in summer 0.070 0.100 0.160

n3
Appreciable 0.020-0.030 Trees Dense willows, summer, straight 0.110 0.150 0.200

Severe 0.040·0.060 Cleared land with tree stumps, 0.030 0.040 0.050
no sprouts

Vegetation Low 0.005·0.010
Same as above, but with heavy 0.050 0.060 0.080

Medium 0.010-0.025 growth of sprouts
n4

High 0.025-0.050 Heavy stand of timber a few 0.080 0.100 0.120
down trees, little undergrowth,

Very high 0.050-0.100 flood stage below branches

Degree of Minor 1.000 Same as above, but with flood 0.100 0.120 0.160
Meandering stage reach ing branches

Appreciable k 1.150

Severe 1.300

aThe composite Manning roughness coefficient for a channel reach = k (n 1 +n2 + n3 + n4J.

Source: Chow, V. T., Open Channel Hydraulics, Chapter 5, McGraw-Hili Book Co., 1959.

spread in the
through not
improvement.
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basin. Tile-drained areas are often,
always, associated with channel
This is because straightening and

deepening of natural channels is often required
to provide adequate outlets for the agricultural
drain tiles.



The effect of artificial drainage on the flow regi
men of a watershed is particularly difficult to
analyze, because the effect of the drainage is not to
reduce the surface water storage, but rather to
increase the capacity for temporary soil water
storage during the growing season. The net result
may generally be expected to increase the total
volume of streamflow due to a reduction of evapo
transpiration losses. In the spring, when ice and
snow conditions cause blocking of the drainage
courses, there is probably little overall effect on
natural flow conditions. During the frost-free
months, however, when tile underdrains are fully
operable, it is probable that areas that have been
tiled to eliminate poor surface drainage, or to
lower a high groundwater table, will exhibit
a decrease in peak surface runoff due to the
increased storage made available in the dewatered
soil profile, but will result in the ultimate release
of a greater volume of flow. However, for the more
infrequent, high-intensity, short-duration rainfall
events during which soil infiltration capacity is the
limiting factor, it is doubtful that tiling in the Pike
River watershed has a significant influence on peak
rates of runoff.

Map 28 shows the lineal extent and the nature of
known major man-made channel modifications
within the Pike River watershed on the stream
system selected for development of detailed flood
hazard data. The following two types of channel
ization were observed in the Pike River watershed:

1. Minor channelization: Localized clearing and
widening with scattered straightening. Little
or no concrete or masonry on either the
channel bottom or side slopes. Channel modi
fications not readily apparent to the casual
observer. Examples of minor channelization
include drainage improvements along Somers
Branch in the Town of Somers and urban
area modifications along the tributary to
Waxdale Creek in the Village of Sturtevant.

2. Major channelization: Continuous and exten
sive deepening, widening, and straightening,
possibly with major relocations. Extensive
application of concrete or masonry to chan
nel bottom or side walls. Channel modifi
cations are readily apparent to the casual
observer. Major channelization is exempli
fied by Lamparek Ditch in the Town of
Mt. Pleasant and in the urbanized reaches of
Sorenson Creek in Elmwood Park.

The 42.27 miles of the watershed stream system
selected for hydrologic-hydraulic simulation con
tain, as shown in Table 29, about 18.70 miles of
known major channel modifications, or about
44 percent of the stream system selected for
development of detailed flood hazard data. It is
difficult to identify with certainty all of those
stream reaches in the minor channelization cate
gory as various degrees of channel modifications
are located throughout the Pike River watershed,
which suggests that widespread mitigation of flood
damage to riverine area agricultural and urban
development along with agricultural subsurface
drainage have been the primary motivations for
channel modifications in the Pike River watershed.

As for downstream riverine areas, the hydraulic
effect of channelization is very similar to that of
floodplain fill and development. Channelization,
like floodplain fill and development, reduces the
floodwater storage capability of the modified
reach, thereby generally giving rise to downstream
flood hydrographs that have, relative to prechan
nelization conditions, shorter bases and higher
peaks. It is possible, however, depending on the
relative position of the channelized reach or
reaches in the watershed stream system, for chan
nelization to result in reduced downstream dis
charges. For example, channelization in the lower
reaches of a watershed may provide for the rapid
removal of runoff from the lower portion of the
watershed prior to the arrival of middle and upper
watershed drainage, thereby reducing lower water
shed discharges and stages.

The effects of channel improvement projects are
the reverse of the effect of other structural flood
control measures, such as reservoirs, which are
designed to impede flow, decrease velocity, and
cause backwater effects. Channel improvements
accelerate flow, increase velocity, and reduce
upstream backwater effects. Floodwater storage
structures tend to prolong the base time of sur
face runoff and decrease peak discharges in the
downstream direction, while channel improve
ments have the effect of decreasing base time and
increasing stage and peak flow rates downstream
from the improvement.

It is apparent, therefore, that haphazard and
uncoordinated channel modification may cause
adverse effects elsewhere in a watershed, resulting
in little or no net overall improvement of the
floodwater problems of a watershed. This pos-
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Map 28 I
CHANNEL MODIFICATIONS IN THE PIKE RIVER WATERSHED
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A large portion of the stream system of the Pike River

watershed has been intentionally modified for flood
control and agricultural drainage purposes. For example,
of the 42.27 miles of stream system in the watershed
selected for development of detailed flood hazard data
approximately 18.70 miles, or 44 percent, are known to
have undergone some tYpe of major man-made channel
modification, All of the streams selected for develop
ment of flood hazard data have experienced various

degrees of channel modification.



sibility points to the need for proper water man
agement practices based upon a comprehensive
watershed plan. In recognition of the need to
evaluate the potential downstream effect of chan
nelization proposals within the Pike River water
shed, one of the standards supporting the adopted
water control facility development objectives, as
set forth in Chapter X, "Watershed Development
Objectives, Principles, and Standards," requires the
explicit determination of the downstream impact
of proposed channel modifications. Because his
toric data are lacking, it is not possible to make
a meaningful quantitative evaluation of the overall
effect which the existing channel improvement
projects have had on the history of the flow regi
men of the stream system of the watershed.

Bridges and Culverts: Depending on the size of the
waterway opening and the characteristics of the
approaches, bridges and culverts can be important
elements in the hydraulics of a watershed, particu
larly with respect to localized effects. The constric
tion caused by an inadequately designed bridge or
culvert under flood discharge conditions can result
in a large backwater effect and thereby create
upstream flood stages that are significantly higher
and an upstream floodland that is significantly
larger than would exist in the absence of the bridge
or culvert.

As of the end of 1979, the 42.27 lineal miles of
Pike River watershed stream system selected for
hydrologic-hydraulic modeling were crossed, as
shown on Map 29, by 113 bridges and culverts
having an average spacing of 0.4 mile. While the
hydraulic submodel of the hydrologic-hydraulic
simulation model, as described in Chapter VIII, has
the capability of accommodating any number or
type of bridges or culverts, the cost of the field sur
veys necessary to acquire the input data for the
submodel required that a determination be made,
based on a field reconnaissance, of the hydraulic
significance of each bridge or culvert in order to
significantly reduce the number of structures for
which complete physical descriptions would have
to be obtained.

A bridge or culvert was defined as being hydrau
lically significant if field inspection suggested that
the structure might increase flood stages for the
10- through 100-year recurrence interval flood
discharges. In examining each bridge or culvert to
evaluate its potential hydraulic significance, the
structure was considered to consist of the roadway

or railroad approaches as well as the structural
components, such as abutments, piers, and deck, in
the immediate vicinity of the waterway opening.
One category of hydraulically insignificant bridges
and culverts consists of those having a relatively
small superstructure compared to the combined
width of the channel and its natural floodplain.
Such structures typically have approaches that do
not rise significantly above the floodplain while the
portion of the structure in the immediate vicinity
of the channel simply spans the channel. Pedestrian
crossings and private roadway bridges and culverts
comprise most of the bridges and culverts in this
category of hydraulically insignificant structures.
An example of this type of hydraulically insignifi
cant structure is, as shown in Figure 22, a park
pedestrian bridge over the Pike River in Petrifying
Springs Park in the Town of Somers.

The second category of hydraulically insignificant
bridges and culverts consists of those that are ele
vated on piers well above the channel and the
floodplain. While being major or significant struc
tures in the transportation sense in that they carry
railroads and public streets and highways and par
ticularly arterial streets and highways across the
floodland, they are hydraulically insignificant in
that they utilize little or no fill for the approaches
and, therefore, offer little impedance to flow during
even major flood events. An example of this type
of hydraulically insignificant structure, as shown in
Figure 22 is the Chicago, Milwaukee, St. Paul &
Pacific Railroad bridge over the Pike River in the
Town of Mt. Pleasant.

Hydraulically significant bridges and culverts gen
erally are characterized by relatively small water
way openings in combination with approaches that
are constructed well above the elevation of the
floodplain. Such structures function as dams and
have the potential for obstructing streamflow
during major flood events. As shown in Figure 23,
examples of hydraulically significant structures
include the CTH E-12th Street-and CTH Y-22nd
Avenue-crossings of the Pike River in the Town
of Somers.

Based on field reconnaissance, 78, or 61 percent,
of the 128 bridges or culverts on that portion of
the Pike River watershed stream system selected
for development of detailed flood hazard data
were determined to be hydraulically significant.
The location of these hydraulically significant
bridges and culverts is shown on Map 29 and the
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Map 29

HYDRAULIC STRUCTURE INDEX FOR THE PIKE RIVER WATERSHED: 1979

One silt, one dam, and 128 bridges and culverts were
inventoried during the course of the Pike River water·
shed study. Data obtained from this inventory were
used to identify those sills, control structures, bridges,
and culverts that can be expected. by virtue of hydrau
lic capacity and lOcation in the watershed, to signifi
cantly influence flood discharges and stages along the
principal stream channels in the basin. As a result of
this screening process, 78 bridges and culverts, one dam,
and one sill were identified for later incorporation into
the water resources simulation model, as described in
Chapter VIII.
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Figure 22

EXAMPLES OF HYDRAULICALLY INSIGNIFICANT RIVER CROSSINGS IN THE PIKE RIVER WATERSHED

FOOTBRIDGE OVER THE PIKE RIVER

Source: SEWRPC.

CHICAGO, MILWAUKEE, ST. PAUL & PACIFIC
RAILROAD CROSSING OF THE PIKE RIVER

Figure 23

EXAMPLES OF HYDRAULICALLY SIGNIFICANT RIVER CROSSINGS IN THE PIKE RIVER WATERSHED

COUNTY TRUNK HIGHWAY E-
12TH STREET-CROSSING OF THE PIKE RIVER

Source: $EWRPC.

number of structures on each of the selected
stream reaches is set forth in Table 29. The aver
age spacing of these hydraulically significant struc
tures is 0.4 mile.

To meet the input data needs of the hydraulic
submodel, it was necessary to obtain detailed data
on these 78 structures, Data needs included mea
surement of the waterway opening, determination
of channel bottom elevations, and construction of
a profile-from one side of the floodplain to the
other-along the crown of the roadway or the top
of rail of the railroad, The necessary information
for each of the 78 hydraulically significant bridges
and culverts was obtained by field survey, A net-

COUNTY TRUNK HIGHWAYY-
22ND AVENUE-CROSSING OF THE PIKE RIVER

work of vertical survey control stations-bench
marks-referenced to National Geodetic Vertical
Datum (Mean Sea Level Datum) was established on
all hydraulically significant bridges and culverts
prior to the acquisition of detailed data on the
structures, Closed spirit level circuits were run to
establish permanent bench marks on each struc
ture to third order accuracy, At least one reference
bench mark was established for each permanent
bench mark and a record of vertical survey con
trol, like that shown in Figure 24, was prepared
for each hydraulically significant bridge or culvert,
As part of the field survey work needed to estab
lish the vertical survey control network, the channel
bottom elevation was determined at the upstream
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DATE OF SURHY -"'Ja""'"""arLy~19'_'_77 _

Figure 24

SOUTHEASTERR IISCGl~R REGIORAL PLAUIRI COMMISSIOR
RECORll Of VERTICIL CORnOL STlTlON

The vertical survey control network discussed
above was extended to the hydraulically significant
dam and sill, and channel bottom elevations were
determined at each structure. Detailed information
on the physical characteristics of the dam and sill
was obtained from the U. S. Soil Conservation Ser
vice. Additional necessary information was obtained
by field survey. Cross section drawings were pre
pared for the dam and the sill prior to coding the
g~ta for use in the hydrologic-hydraulic modeling.

The sill, located on the Pike River 3,500 feet
upstream from the confluence with Sorenson
Creek, and the dam were determined by field
examination to be hydraulically significant using
criteria similar to those applied to bridges and
culverts. The locations of the dam and the sill are
shown on Map 29. Of the 130 hydraulic structures
located on the stream system, a total of 80 or
about 62 percent, were determined to be hydrau
lically significant.

a sill, for a total of 130 hydraulic control struc
tures. The dam is on the Pike River in Petrifying
Springs Park and is used to control the pool level
in a pond upstream.

TOnSHIP_-----""-__ R, RlIIIE_--,',,-'__SECTlOR __'-----_

TYPICAL RECORD OF A VERTICAL
CONTROL STATION ALONG THE PIKE RIVER

WATERSHED STREAM SYSTEM: 1977

Kenosha eQUITY

BEliCH UAIIO PK 205 £LEU no. 606.081 '

IEfEREICE SEICH IIRIIO. R' 105 ELEIATIOI 603.388'

SET 81 IlSHR I ASSOCIATES,IIC , EKIIHI~ RlOISOR,IISCORSIl

VERTICIL OlTllM lUI SU LEVEL, Il1llDJUSTJlEIT

VERTICIL COITROLACCUIlCl

DETAILED DESCRIPTION
About 0.25 mjle north of the Sf corner of sectlQn 1 12 N R 22 E

SUBWATERSHEDS AND SUBBASINS
IN THE PIKE RIVER WATERSHED

Source: SEWRPC.

face of each of the 78 hydraulically significant
bridges and culverts, which, in addition to pro
viding information about the waterway opening,
facilitated the drawing of channel bottom profiles.

Prior to coding the bridge and culvert data for
input to the hydraulic model, the structure infor
mation was used to draw a cross section showing
the physical configuration of the waterway open
ing and the approach roads. Figure 25 shows
a structure drawing typical of those prepared for
each of the hydraulically significant bridges and
culverts in the Pike River watershed.

Dams and Sills: In addition to the 128 bridges and
culverts located on that portion of the Pike River
watershed stream system selected for development
of detailed flood hazard information, there is one
dam and a low dam-like structure, herein called

Whereas previous sections of this chapter have
described watershed hydrologic-hydraulic charac
tersitics on the basis of the entire watershed, this
last section of the chapter presents hydrologic and
hydraulic data for each subwatershed. More specifi
cally, data and information on subbasins, land use,
channel slopes, hydraulic structures and channel
modifications are presented and discussed below.
Summaries of hydraulic and hydrologic data by
subwatershed are set forth in Tables 29 and 30,
respectively, and subwatershed and subbasin areas
are set forth in Table 32.

Subwatersheds
The Pike River watershed may be considered to
be a composite of three subwatersheds, as shown
on Map 30, each of which is defined as the
area directly tributary to all or portions of the
12 stream reaches selected for application of
hydrologic-hydraulic simulation culminating in the
development of detailed flood hazard data. These
subwatersheds are: 1) the Lower Pike River sub
watershed which encompasses 15.00 square miles,
or 29.1 percent of the total watershed area; 2) the
Upper Pike River subwatershed which encompasses
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Figure 25

TYPICAL DRAWING OF A HYDRAULIC STRUCTURE IN THE PIKE RIVER WATERSHED
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Table 32

AREAS OF SUBWATERSHEDS AND SUBBASINS IN THE PIKE RIVER WATERSHED

Su bwatersheds Subbasins

Total Area Total Area

Tributary to Tributary to

Subwatershed Subwatershed

Area Discharge Point Area Discharge Point

Number Name (square miles) (square miles) Identification (square miles) (square. miles)

1 Pike Creek 19.205 19.205 PC-l 1.111 1.111

PC-2 1.568 2.679

PC-3 0.830 3.509
PC-4 1.585 1.585

PC-5 2.128 7.222

PC-6 1.812 9.034
PC-7 1.957 1.957

PC-8 1.516 12.507

PC-9 0.693 13.200

PC-10 1.186 1.186
PC-11 1.488 2.674

PC-12 0.253 16.127

PC-13 1.327 1.327

PC-14 0.400 1.727

PC-15 1.292 3.019

PC-16 0.059 19.205

2 Upper Pike River 17.338 17.338 UPR-1 1.668 1.668

UPR-2 1.246 1.246

UPR-3 1.458 4.372

UPR-4 1.755 1.755
UPR-5 2.182 8.309
UPR-6 1.055 1.055
UPR-7 0.531 1.586

UPR-8 0.619 2.205

UPR·9 1.980 12.494

UPR-l0 0.833 0.833
UPR-ll 0.421 1.254
UPR-12 1.006 14.754

UPR-13 0.953 0.953
UPR-14 0.659 1.612
UPR-15 0.972 17.338

3 Lower Pike River 14.997 51.540 LPR-1 0.574 37.117

LPR-2 1.149 1.149
LPR-3 0.966 39.232
LPR-4 0.680 39.912
LPR-5 1.024 40.936
LPR·6 0.855 0.855
LPR-7 0.204 41.995
LPR-8 1.610 1.610
LPR-9 1.437 3.047

LPR-10 0.713 3.760
LPR-11 1.184 46.939
LPR-12 0.889 47.828
LPR-13 1.135 48.963
LPR-14 1.844 50.807
LPR-15 0.733 51.540

Source: SEWRPC.
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Map 30

SUBWATERSHEDS OF THE PIKE RIVER WATERSHED
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Three subwatersheds were delineated within the Pike
River watershed with areas of 17.34, 15.00. and 19.20
square miles for the Upper Pike River, Lower Pike River.
and Pike Creek subwatersheds. respectively. In addition
to providing rational units for hydrologic analysis, the
subwatersheds serve as geographic units that enable
the watershed resident to readily identify the relation·
ship of his or her local drainage area to the large Pike
River watershed.

Source: SEWRPC.
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17.34 square miles, or 33.6 percent of the total
watershed area; and 3) the Pike Creek subwater
shed which encompasses 19.20 square miles, or
37.3 percent of the total watershed area.

In the Upper Pike River subwatershed, major
channel modifications are known to have occurred
in over 83 percent of the stream reaches selected
for development of flood hazard information and
in the Pike Creek subwatershed over 57 percent
are known to have been modified. In the Lower
Pike River, the extent of channel modifications is
unknown but appears to be minimal at least with
respect to the flood control impacts.

Subbasins
Hydrologic-hydraulic simulation modeling, the
function of which is described in Chapter VIII,
"Water Resource Simulation Model," requires that
the subwatersheds be further subdivided into
hydrologic subbasins. Hydrologic subbasins are
the basic "building blocks" for simulating the
hydrologic-hydraulic response of the watershed
land surface. As shown on Map 31, a total of
46 subbasins was delineated in the watershed,
ranging in size from 0.06 to 2.18 square miles,
and having an average area of 1.12 square miles.
These subbasins were delineated using topographic
mapping, supplemented with street grade data
and information on the location, configuration,
and elevation of storm sewer systems as available
and necessary.

A number of factors were considered in the delin
eation of the subbasins. Some of these were strictly
hydrologic-hydraulic factors while others were
more directly related to plan preparation and
implementation. Subbasins were delineated to
encompass areas tributary to intermittent streams,
drainageways, and storm sewers. Even through
those streams and drainageways may not have
been selected for development of detailed flood
hazard data under the watershed planning program,
such delineations may be useful in subsequent
extensions and refinements of the Pike River
watershed plan. The boundaries of subbasins were
selected to reflect land use, vegetative cover, and
land slope. The existence of prominent natural
features, such as potential sites for surface water
impoundments and prominent man-made features,
such as dams, or long or high railroad and roadway
embankments, also entered into selection of the
discharge point to be delineated for some sub
basins. Subbasins were delineated to terminate at
streamflow and water quality monitoring stations,
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near village and city boundaries, and at the
upstream end of stream reaches for which flood
hazard data were to be developed. Some subbasins
were established to correspond to areas of special
concern for watershed management, such as those
areas subject to urbanization or to other significant
land use changes.

SUMMARY

This chapter describes those elements of the
hydrologic-hydraulic system of the Pike River
watershed which constitute the framework within
which all the water resource-related problems of
the watershed must be analyzed and resolved.
Included in the description of the hydrology of the
watershed are data on precipitation, evapotranspira
tion, and other aspects of the hydrologic budget;
data on the volume and timing of runoff as revealed
by stream gaging records; and data on the location
and quantity of water contained within the aqui
fers lying beneath the watershed. Included in the
discussion of the hydraulics of the watershed are
data on the length, slope, and flow resistance of
the stream system; and an evaluation of the hydrau
lic significance of hydraulic structures.

Knowledge of the complex hydrologic cycle as it
affects the watershed is necessary to assess the
availability of surface and groundwater for various
uses and to improve the potential managment of
water during times of flooding or 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 32.4 inches annually. Surface water runoff
and evapotranspiration losses constitute the pri
mary outflow from the basin. The average annual
runoff approximates 13.3 inches and the annual
evapotranspiration loss total is about 19.1 inches.

Streamflow and flood stage records available for
the Pike River stream system reveal that for pre
dominantly rural areas two periods during the year
are the most likely to produce major flooding. His
torically, the period February through April and
the month of June have produced about 80 per
cent of the annual flood peaks in the rural areas
of the Pike River watershed. In contrast, highly
urbanized watersheds which contain relatively large
amounts of impervious surface area, extensive
storm water drainage systems, and channelization
works exhibit a more uniform annual distribution
of flooding events somewhat similar to the annual
distribution of major rainfall events which can be



Map 31

SUBBASINS OF THE PIKE RIVER WATERSHED
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A total of 46 subbasins were delineated within the Pike
River watershed for purposes of hydrologic-hydraulic
simulation, ranging in size from 0.06 to 2.18 square
miles and having an average area of 1.12 square miles.
The boundaries of subbasins were selected to reflect
homogeneous hydrologic soil groups, land use, vegetal
cover, and land slope, and thus permit more ready char
acterization of hydrologic-hydraulic behavior of the
land surface.
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expected, for the most part, during all months of
the year with the possible exception of the months
of December and January.

Approximately 42.27 lineal miles of the watershed
stream system were selected for development of
detailed flood hazard information, including dis
charge-frequency relationships, flood stage profiles,
and mapped areas of inundation for selected flood
recurrence intervals. Detailed data were obtained
for 81 hydraulically significant bridges, culverts,
dams, and sills on that portion of the stream
system, and for 700 floodland cross sections,
all of this data being required as input to the
hydrologic-hydraulic simulation model developed
for the watershed.

There are three main groundwater aquifers beneath
the watershed: the deep sandstone, the shallow
dolomite, and the unconsolidated sand and gravel
aquifers. The confined or artesian sandstone aqui
fer is the deepest of the three systems and, except
for minor leakage and a connection to the recharge
area, is hydraulically separated from the remainder
of the hydrologic-hydraulic system by the over
lying semipermeable Maquoketa shale formation.

142

The dolomite aquifer and the unconsolidated sand
and gravel aquifers are, in contrast to the sandstone
aquifer, recharged locally. It is estimated that the
volume of water contained within the three aqui
fers directly beneath the watershed would be
sufficient to cover the entire watershed to a depth
at least 200 feet. Groundwater in the deep sand
stone aquifer beneath the northern two-thirds of
the watershed moves in a generally northerly direc
tion toward Milwaukee, whereas in the southern
third of the watershed the flow is generally to the
south toward Chicago area wells. Flow in the
dolomite and sand and gravel aquifers tends to be
more varied but exhibits an overall movement
toward Lake Michigan.

The Pike River watershed may be considered as
a composite of three subwatersheds, namely the
Upper Pike River, Pike Creek, and Lower Pike
River subwatersheds having areas of 17.34, 19.20,
and 15.00 square miles, respectively. Hydrologic
hydraulic information, including land use, channel
slopes, hydraulic structure, and channel modifica
tion data, was inventoried and analyzed for each
of these subwatersheds.



Chapter VI

HISTORIC FLOOD CHARACTERISTICS AND PROBLEMS

INTRODUCTION

Flooding of the stream system of the Pike River
watershed has been, and, in the absence of correc
tive action, may be expected to continue to be
a common and natural occurrence. In portions of
the watershed, the streams leave their channels and
occupy portions of the adjacent natural floodplains
almost annually as a result of late winter-early
spring snowmelt or snowmelt-rainfall events or in
response to spring, summer, and fall thunderstorms.
Damage from this flooding has been largely a conse
quence of the failure to recognize and understand
the relationships which should exist between the
use of land-in both floodlandand nonfloodland
areas of the basin-and the hydrologic-hydraulic
behavior of the stream system. Unnecessary occu
pancy of the natural floodlands by flood-vulnerable
land uses, together with development-induced
changes in the flow characteristics of the streams,
has produced serious flood problems in the water
shed. Some of these problems, but not all, have
been at least partially resolved through the con
struction of channel improvements. In some cases
channel improvements have aggravated flooding
problems downstream.

Comprehensive watershed planning is the first step
in achieving or restoring a balance between the use
of land and the hydrologic-hydraulic regimen of
the watershed. To ensure that future flood damage
will be held to a minimum, plans for the proper
utilization of the riverine areas of the watershed
must be developed so that control of land uses in
flood hazard areas, public acquisition of flood
lands, and river engineering can be used to properly
direct new development into a pattern compatible
with the demands of the river system on its natural
floodlands and to achieve an adjustment or balance
between land use development and floodwater
flow and storage needs.

Flood damage potential and flood risk have grown
from a nuisance level during initial development of
the watershed to substantial proportions as urban
land use has increased. Some of the present flood
risk can be ascribed to the unnecessary location
of flood-damage-prone urban development in the

natural floodlands-unnecessary since adequate
alternative locations are available within the water
shed and Region for such development-aggravated
by increased flood flows attributable to upstream
urbanization. Because the Pike River watershed is
not yet highly urbanized, opportunity still exists
for limiting flood damage risk through sound land
use development in relation to the riverine areas of
the watershed.

This chapter presents a summary of historic infor
mation on the character and nature of flooding
within this primarily rural but urbanizing basin.
Included in this chapter are discussions of direct,
indirect, and intangible flood losses and risks; the
categorization of flood losses and risks by private
and public ownership; and the methodology used
to quantify flood risks in monetary terms.

This chapter, which discusses historic flood charac
teristics and damage, and most of Chapter XII,
"Alternative Floodland Management Measures," are
directed primarily at the inventory, analysis, and
resolution of flood problems along the 42.27 miles
of stream channels in the Pike River watershed
selected for development of detailed flood hazard
data and attendant flood control plans, as shown
on Map 26. The Pike River watershed plan is
intended to provide recommendations for the
resolution of existing flood problems along the
selected stream channel reaches and the prevention
of future flood problems in the associated riverine
areas. The watershed planning process is not
intended to address the resolution of storm water
problems not directly attributable to flooding of
the watershed stream system.

Basic Concepts and Related Definitions
Flooding is herein defined as inundation of the
floodplains of the watershed, that is, of the rela
tively wide, low-lying, flat to gently sloping areas
contiguous to and usually lying on both sides of
the stream channels, as a direct result of stream
water moving out of and away from the major
stream channels. Flooding is a natural and certain
process in hydrologic-hydraulic systems-one that
is unpredictable only in the sense that the exact
time of occurrence of a flood of a given magnitude
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cannot be predetermined, although the average
recurrence interval of such a flood is amenable to
engineering analyses. How much of a natural flood
land will be occupied depends on the severity of
the flood and, more particularly, on the peak eleva
tion of the floodwaters. Thus, an infinite number
of outer limits of natural floodlands may be delin
eated, each related to a specified recurrence inter
val as determined by engineering analyses. Based
upon such analyses, floodlands may be delineated
on large-scale topographic maps as continuous
linear areas lying along the streams and water
courses. Flooding is not necessarily synonymous
with the presence of flood problems. Flood prob
lems-and the demand for flood control works
and measures-are created only when flood
damage-prone land uses are allowed to intrude
upon the natural floodlands of the watershed in
such a fashion and to such an extent that the
certain, although random, inundation of the flood
lands results in disruption, monetary damages, and
risks to human health and life.

Storm water inundation is defined herein as the
localized ponding of storm water runoff which
occurs when such runoff moving toward streams
and other low-lying areas via small intermittent
channels, storm sewers, and other drainageways, or
as overland or sheet flow, either exceeds the con
veyance capacity of those channels, sewers, or
drainageways and flows onto adjacent low-lying
areas, or, in the case of overland flow, encounters
flow resistance or obstruction and temporarily
accumulates on the land surface.

Storm water inundation and riverine area flooding,
as defined herein, differ in several significant ways.
While storm water inundation involves water
moving downslope toward major rivers, flooding is
caused by water moving in the opposite way, that
is, out and away from major stream channels.
Flooding is generally associated with river reaches
having tributary drainage areas of tens or hundreds
of square miles, whereas tributary drainage areas
pertinent to storm water inundation are small
generally less than one square mile. Flooding gen
erally occurs along the major perennial streams,
whereas storm water inundation is associated with
intermittent channels or man-made drainageways
or drainage swales. In contrast to areas experi
encing flooding, areas experiencing storm water
inundation tend to be discontinuous, consisting of
a series of relatively small and scattered pockets
not necessarily located in the lowest areas or near
major streams or even near small intermittent
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channels or other well-defined drainageways. The
definition of urban areas subject to storm water
inundation requires detailed analysis of local
topography and local street and associated build
ing grades and of local storm water drainage and
sanitary sewerage systems, whereas the definition
of flood-prone areas requires a broader, water
shedwide analysis of the riverine areas of the
major streams.

Storm water problems are not necessarily synony
mous with storm water inundation. Storm water
problems, and the demand for works and measures
to control storm water runoff as it moves toward
the natural and man-made drainageways, are
created only when urban development occurs with
out proper regard for storm water runoff convey
ance and storage needs. Such local problems in
urban design are to be differentiated from the area
wide problems referred to as flooding-associated
with the movement of waters away from a chan
nel, and up onto adjacent lands. Thus, the analysis
of local storm water drainage problems is not
addressed in the comprehensive watershed planning
studies conducted by the Commission generally,
and is therefore beyond the scope of the Pike
River watershed study specifically, as agreed by
the Pike River Watershed Committee during prep
aration of the Pike River Watershed Planning Pro
gram Prospectus.

USES OF HISTORIC FLOOD INFORMATION

The collection, collation, and analysis of historic
flood information are important elements of any
comprehensive watershed study. Historic flood
data have six primary applications in watershed
planning and plan implementation, each of which
is discussed below. Five of these applications occur
during the planning process and one is directly
related to plan implementation.

Identification and Delineation
of Flood-Prone Areas
While the location and extent of some flood-prone
areas within the Pike River watershed were known
at the outset of the watershed study, the location
and extent of all such areas within the watershed
were not known for existing land use and channel
conditions, nor was the existing information ade
quate to facilitate the development of alternative
solutions to the flood problems. One important
use of historic flood information in the watershed
study, therefore, was the identification and delin
eation of all riverine areas in the watershed that



not only are subject to flooding, but in which the
flooding either causes or has the potential for
causing significant monetary flood damages.

Determination of the Cause of Flood Damage
Flood damages in rural areas are caused primarily
by the inundation of crops, and, to a lesser extent,
by the inundation of roadways, agricultural build
ings, and agricultural drainage systems. Historic
floods have caused a wide range of agricultural
damage in the watershed, including damage to and
destruction of crops. Crop damage and destruction
are dependent upon the date of flood occurrence,
the duration and depth of flooding, the floodwater
velocity, and the type of crop. Early spring floods
can delay planting, not only during the flooding
periods but also afterwards, when field condi
tions may be too wet for the operation of farm
machinery, resulting in an effectively shorter
growing season and attendant reductions in agri
cultural production and farm income.

Flood damages in urban areas are caused primarily
by the inundation of buildings and, to a lesser
extent, by the inundation of roadways and utili
ties. Residential, commercial, and industrial build
ings are particularly vulnerable to flood damage
partly because of the many ways in which flood
waters can enter such structures. As illustrated in
Figure 26, an unprotected floodland structure is
a virtual "sieve" for the entry of floodwaters.
Rising floodwaters may surcharge the sanitary,
storm, or combined sewers in an urban area
thereby reversing the flow in these sewers and
forcing water into the structures through basement
floor drains, plumbing fixtures, and other openings
connected to the sewer system. As a result of
saturated soil conditions around structure foun
dations, water may enter through cracks or struc
tural openings in basement walls or floors. If
overland flooding occurs-that is, flood stages rise
above the elevation of the ground near a particular
residential, commercial, or industrial structure-

Figure 26
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additional floodwater may enter the basement of
the structure through basement doors, windows,
and other structural openings. If flood stages rise
high enough, floodwaters similarly may gain
access to the first or main floor of a structure. In
addition to the inundation damage to the structure
and its contents, external hydrostatic pressures
may cause the uplift and buckling of basement
floors and the collapse of basement walls. Finally,
floodwaters may exert hydrostatic or dynamic
forces of sufficient magnitude to lift or otherwise
move a structure from its foundation.

It should be noted that flood damage can occur
to the basements of structures located outside
of the geographic limits of the overland flooding

when floodwaters gain access to basements via
the hydraulic connections between the inundated
area-the area of primary flooding-and basements
that are provided by the sanitary, storm, or com
bined sewer systems. Such flooding of basements
outside of, but adjacent to, the area of primary
flooding is herein defined as secondary flooding.
Primary and secondary flooding zones are illus
trated in Figure 27.

Calibration of the Hydrologic-Hydraulic Model
Flood flows, stages, and areas of inundation
throughout the watershed were developed by
application of a mathematical simulation model.
Sound engineering practice requires "calibration"
of such a model through careful comparisons

Figure 27

PRIMARY AND SECONDARY FLOOD ZONES

PLAN

STRUCTURES WITHOUT BASEMENTS

CROSS SECTION A-A

FLOOD STAGE

STRUCTURES WITH BASEMENTS

FLOOD STAGE
EXTENDED

PRIMARY FLOODING ZONE

LEGEND

SECONDARY
FLOODING ZONE

STRUCTURE
WITHOUT

BASEMENT

STRUCTURE
WITH

BASEMENT

O"·-B--::==:L--:~~=-":=-":=-"N-T-·8
•FLOOR

Source: SEWRPC.

146



between the model results and reliable observations
of the actual hydrologic-hydraulic behavior of the
stream system. Such comparisons permit adjust
ments to and refinements in the model and thereby
result in a more accurate representation of water
shed hydrology and hydraulics. As described in
Chapter VIII, "Water Resource Simulation Model,"
use was made of historic flood information during
the model calibration process.

Computation of Monetary Flood Risk
Monetary flood risks for flood events of specified
recurrence intervals, as well as average annual risks
under existing and probable future land uses,
must be determined for selected stream reaches in
order to permit economic evaluation to be made of
alternative flood control measures. The informa
tion required to compute monetary flood risks
includes data: 1) on the types of agricultural land
flooded, including specific crops potentially inun
dated; 2) on the types of structures affected; 3) on
the elevation of the ground at the structure and on
the elevation of the first floor; 4) on the existence
of a basement; and 5) on the market value of the
structure and land excluding structure contents.
Damage to structure contents is determined as
described later in this chapter under "Determina
tion of Indirect Damages."

Formulation of Alternative
Flood Control Measures
Alternative flood control measures include acqui
sition and removal of flood-prone structures, struc
ture floodproofing, channel modification, and
construction of dikes, floodwalls, and flood con
trol reservoirs. To be technically feasible, the
measures and combinations of measures formu
lated for each floodprone stream reach must be
directed at the primary cause of the flooding. For
example, earth dikes and concrete floodwalls are
technically feasible solutions in river reaches that
historically.have been subjected to overland flood
ing but are not effective, if used alone, in those
riverine areas that incur extensive secondary flood
ing. Formulation of alternative flood control
measures for a particular reach, therefore, is influ
enced by the nature and causes of the flood
problems in that reach as determined from historic
flood information.

Postplan Adoption, Information, and Education
The aforementioned uses of historic flood infor
mation all relate to the preparation of comprehen
sive watershed plans. The sixth and last use of such
information occurs during the plan implementation
process after the plan is completed. Experience

indicates that some segments of the public are very
concerned about flood problems immediately after
a severe flood event, whereas, with the passage of
time-months and years-concern diminishes until
the next severe event. Other segments of the public
tend to the opposite extreme, that is, exaggeration
of the seriousness of the flood problem in general
and of specific flood events in particular.

Documented historic flood information is an
effective way to bring the seriousness of flood
problems into proper focus and perspective for
rational, objective consideration. This information
provides a common basis for understanding the
nature of the problem in a particular locality and,
thus, promotes implementation of the flood con
trol recommendations contained in the adopted
watershed plan. Historic flood information-in
contrast with flood hazard information produced
by mathematical modeling-is particularly effective
in improving public understanding of the need
for plan implementation, since laymen can more
readily understand and relate to such graphic data
as a photograph of flood damage, a peak flood
stage measured from and related to a bridge, or
the delineation of the lateral extent of flooding
based on the deposit of debris as observed in
the field. Historic flood information, accordingly,
has been included in this chapter so that it will
be readily and widely available to both public
officials and interested citizens and thereby con
tribute to plan implementation.

INVENTORY PROCEDURE
AND INFORMATION SOURCES

A research effort employing a variety of proce
dures and information sources was required to
develop the account of historic flooding in the
Pike River watershed as presented in this chapter.
The inventory of historic flooding was initiated
by reviewing engineering and planning reports pre
viously prepared by governmental agencies and
private consulting firms and addressed to flood
problems in all or parts of the watershed. Records
for the single continuous record streamflow gaging
station and the single crest stage gage located in
the Pike River watershed were obtained and
analyzed to identify flood dates since 1960~ These

1 The crest stage gage is located at the 8TH 142
crossing of Pike Creek and has been in operation
since 1960; the continuous record streamflow
gaging station is located on the Pike River near the
University of Wisconsin-Parkside and has been in
operation since 1972.
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dates were supplemented with dates of major
historic flood events in the nearby Fox River
watershed as documented in the Commission
comprehensive planning study for that watershed.
In addition, synthetic streamflows generated for
the Pike River watershed by application of the
Commission's continuous process hydrologic
hydraulic simulation model were also utilized for
identification of major flood events since 1940.

This initial review of published reports and data
was followed by a review of newspapers and news
paper files. Although a long period of history was
considered in this review, information could be
assembled on each of only a few historic floods.
The principal sources of information for this
review were past issues of The Kenosha News.and
The Racine Journal Times. Paralleling the review of
historic issues of these newspapers, the Commission
staff contacted officials of various organizations,
including officials of the Town of Mt. Pleasant, the
Town of Somers, the city engineers of the Cities of
Kenosha and Racine, and officials of Carthage
College. Very limited historic flooding information
was available, with no information whatsoever
on highwater mark elevations available from
these sources.

ACCOUNTS OF HISTORIC FLOODS

Method of Presentation
The historic flood information for the Pike River
watershed, as obtained by means of the inventory
efforts described above, is presented in this study
by major flood events. Major flood events are
defined herein as those known to have caused
relatively heavy widespread flooding, significant
damage to property, and disruption of normal
community activities. Nine major flooding periods
were identified beginning with the March 30, 1960
flood and extending through the September 13,
1978 flood. Although the disruption associated
with each major flood may have been of several
days duration, the flood event is herein identified
by the date on which the highest, or peak, flood
stage was known, or believed, to have occurred, or
the period during which more than one flooding
event occurred.

The flood problems discussed herein were selected
to be representative of the kind of damage or
disruption that occurred and of the locations in
which it occurred. Monetary flood losses included
in the descriptions of historic flooding are those
reported or otherwise recorded during or shortly
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after each flood event and have not been adjusted
to current economic levels. In addition, for some
historic floods the total monetary damage was
estimated in 1980 dollars for current land use and
channel conditions using the Commission's flood
economics submodel.

Although historic high water marks for major
floods are among the best means of documenting
in a detailed and definitive manner the severity
of historic flooding by graphically presenting
peak stages relative to the channel bottom and
relative to various hydraulic structures located
along a stream system, no definitive data on such
marks could be discovered in the historic flood
inventory other than that for two highwater marks
contained in the U. S. Soil Conservation Service
flood hazard study-one at the Carthage College
Field House and one at the Valley Night Club on
STH 3~-and a single high water mark recorded in
Petrifying Springs Park by the Kenosha County
Park Commission staff. However, photographs and
reports concerning the extent of flooding for par
ticular events within the Pike River watershed were
compared to flood stages and flood inundation
maps generated by data from the Commission
hydrologic-hydraulic simulation submodel for
similar recurrence interval floods, and relatively
good agreement was found, thereby verifying the
validity of the simulated flood data.

The flood stages and flood inundation maps gen
erated by data from the Commission's hydrologic
hydraulic simulation submodel were also compared
to similar data presented in the U. S. Soil Conserva
tion Service flood hazard study report.3 Table 33
provides a comparison of peak flood discharges
and stages. A graphic summary of the comparison
with respect to areas of inundation is provided on
Map 32. Observed differences between these data
from the two sources may be attributed to actual
changes in the channels, bridges, or culverts; to the
availability of additional and more current hydrau
lic structure data for the Commission's hydrologic
hydraulic simulation analyses; and to the more
detailed information available from the large-scale
topographic mapping. For stream reaches where
very similar hydraulic structure data and flood

2 u. S. Soil Conservation Service, Flood Hazard
Study, Pike River, Racine and Kenosha Counties,
Wisconsin: Madison, Wisconsin, 1978.

3 Ibid.



Table 33

COMPARISON OF PEAK FLOOD DISCHARGES AND STAGES DEVELOPED
FROM THE COMMISSION'S HYDROLOGIC-HYDRAULIC SIMULATION SUBMODEL

TO THOSE PRESENTED IN THE U. S. SOIL CONSERVATION SERVICE FLOOD
HAZARD STUDY: EXISTING LAND USE AND CHANNEL-FLOODPLAIN CONDITIONS

10Q-Year Recurrence 100-YearR ecu rre nee
Interval Discharge Interval Stage

(cubic feet per second) (feet above NGVD)

River U. S. Soil U. S. Soil
Mile Location Commission Conservation Service Commission Conservation Service

Pike River

0.21 DIS Alford Park Drive 3720 3950 581.1 582.1
U/S Alford Park Drive 3720 3950 583.6 585.3

1.35 DIS STH 32 3820 4600 586.2 588.7
U/S STH 32 3820 4600 586.6 590.7

1.70 DIS Drive to Carthage College 3820 4600 587.3 590.8
U/S Drive to Carthage Coilege 3820 4600 588.2 591.5

1.79 DIS STH 32 3820 4600 588.2 591.5
U/S STH 32 3820 4600 589.6 593.6

3.04 DiS Chicago & North Western Railroad 3880 4600 592.5 594.7
U/S Chicago & North Western Railroad 3880 4600 592.8 595.2

4.61 D/SCTH A 3740 4790 599.6 599.2
U/SCTH A 3740 4790 600.4 601.5

4.79 DiS Lathrop Avenue 3450 4570 600.7 601.5
U/S Lathrop Avenue 3450 4570 600.9 601.6

4.88 DIS Abandoned Railroad 3450 4570 600.9 601.6
U/S Abandoned Railroad 3450 4570 601.8 603.9

5.63 DiS CTH Y 3380 5140 603.5 605.1
U/S CTH Y 3380 5140 606.4 608.0

6.60 DIS CTH G 3420 5140 616.0 614.1
U/S CTH G 3420 5140 617.1 617.4

6.96 DiS CTH A 3420 5140 618.1 618.7
U/S CTH A 3420 5140 619.3 624.1

8.26 DiS Petrifying Springs Park Road 3420 5140 630.1 631.2
U/S Petrifying Springs Park Road 3420 5140 631.6 632.8

9.55 D/SCTH A 3320 5140 643:5 643.5
U/S CTH A 3320 5140 644.4 646.7

10.38 DiS STH 31 2550 2970 650.8 651.2
U/S STH 31 2550 2970 653.5 654.1

11.15 DiS CTH KR 2440 3420 656.9 657.2
U/S CTH KR 2440 3420 657.7 657.6

12.23 DIS Braun Road 2020 3000 664.3 664.9
U/S Braun Road 2020 3000 666.6 668.0

13.29 D/SSTH 11 1660 2620 669.0 669.4
U/SSTH 11 1660 2440 669.2 669.5

13.72 DIS Chicago, Milwaukee, St. Paul &
Pacific Railroad 1300 1700 669.9 669.8

U/S Chicago, Milwaukee, St. Paul &
Pacific Railroad 1300 1700 670.1 670.2

14.94 DiS STH 20 980 1340 680.1 678.3
U/S STH 20 980 1330 680.6 680.5

Pike Creek
0.05 DiS STH 31 1150 2540 644.7 645.4

U/S STH 31 1150 2540 644.8 646.2
2.13 DIS CTH E 1250 1985 663.1 664.8

U/S CTH E 1250 1985 664.0 666.7
3.17 DiS Junkyard Road 1250 1660 671.0 673.2

U/S Junkyard Road 1250 1660 671.5 674.2
3.29 DIS Chicago & North Western Railroad 1250 1660 671.8 673.2

U/S Chicago & North Western Raiiroad 1250 1660 672.0 674.2
3.34 DiS CTH L 1250 1660 672.1 674.2

U/S CTH L 1250 1660 672.5 674.9
4.86 DIS STH 142 740 670 675.4 676.4

U/S STH 142 740 670 676.9 678.2
5.90 DIS STH 158 420 420 676.9 678.2

U/S STH 158 420 420 679.9 679.3

Sorenson Creek
1.56 D/SCTH KR 940 745 611.2 610.9

U/SCTH KR 940 737 617.0 617.1
1.96 DiS Abandoned Railroad 880 720 617.4 617.8

U/S Abandoned Railroad 880 720 619.4 618.6
2.62 DIS Lathrop Avenue 810 680 625.2 627.2

U/S Lathrop Avenue 810 680 628.8 631.6

149



Table 33 (continued)

lOO-Year Recurrence lOO-Year Recurrence
Interval Discharge Interval Stage

(cubic feet per second) (feet above NGVD)

River U.S.Soil U. S.Soil
Mile Location Commission Conservation Service Commission Conservation Service

Bartlett Branch
0.34 DIS Chicago & North Western Railway 365 380 685.0 682.4

U/S Chicago & North Western Railway 365 380 685.7 687.2
0.53 DIS Stuart Road 465 1176 685.8 688.0

U/S Stuart Road 465 1102 687.3 689.0
1.21 DIS Spring Street 195 270 687.5 690.1

U/S Spring Street 195 270 689.0 692.0

Waxdale Creek
0.27 DIS Chicago & North Western Railway 250 280 669.4 669.4

U/S Chicago & North Western Railway 250 280 669.4 670.0
0.29 DIS Willow Road 250 280 669.4 670.0

U/S Willow Road 220 280 669.4 671.0
0.47 DIS Chicago, Milwaukee, St. Paul &

Pacific Railroad 220 280 669.4 671.2
U/S Chicago, Milwaukee, St. Paul &

Pacific Railroad 570 790 670.0 677.2
1.24 DIS 90th Street 420 530 685.3 687.8

U/S 90th Street 420 530 690.9 691.3
1.89 D/SCTH H 300 310 704.8 705.t

U/SCTH H 300 310 710.9 709.8

Chicory Creek
0.46 DIS Chicago & North Western Railway 140 520 672.6 672.8

U/S Chicago & North Western Railway 140 520 674.7 678.3
1.13 DIS 90th Street 115 297 684.2 686.1

U/S 90th Street 115 297 686.0 689.0

Lamparek Ditch
0.77 DIS Chicago & North Western Railway 205 205 670.2 673.5

U/S Chicago & North Western Railway 205 626 673.8 678.0
1.56 DIS 90th Street 190 540 682.6 685.5

U/S 90th Street 170 540 683.0 687.4
2.26 DIS Chicago, Milwaukee, St. Paul &

Pacific Railroad 140 234 700.0 699.5
U/S Chicago, Milwaukee, St. Paul &

Pacific Railroad 140 243 702.8 705.0

Somers Branch
0.69 DIS Chicago & North Western Railway 210 500 669.7 670.0

U/S Chicago & North Western Railway 210 895 670.6 675.8
1.11 DIS CTH EA 220 895 675.1 676.0

U/SCTH EA 220 895 675.5 679.0
1.95 DIS Chicago, Milwaukee, St. Paul &

Pacific Railroad 41 156 691.9 692.3
U/S Chicago, Milwaukee, St. Paul &

Pacific Railroad 160 600 695.2 694.8

flows were used by both agencies, good agreement
was found, thereby further verifying the validity of
the Commission's simulated flood data.

Flood of March 30, 1960
The March 30, 1960 snowmelt-rainfall event is the
largest flood in recent history in the Pike River
watershed. The recurrence interval for this event
ranged from about 40 years in the upper reaches
of the Pike River to about 60 years at the mouth
of the river in the City of Kenosha. Because the
event occurred in early spring, no crop damages
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of significance were known to have occurred.
The Kenosha County Park Commission spent
880 man-hours cleaning silt and debris off roads,
parking lots, and lawn areas, and repairing washed
out parking lots and a damaged footbridge at a cost
of about $3,800. No other flood damage costs are
available for this event. However, if another flood
of the same magnitude as the 1960 flood would
occur during the summer growing season, it is
estimated that the damages would approximate
$950,000 (1980 dollars) based upon application of
the Commission flood economics submodel.



Map 32
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Flood of March 29, 1962
The flood event of March 29, 1962 had an esti
mated recurrence interval of about 15 years in
both the upper and lower reaches of the Pike River
watershed. Little agricultural damage occurred,
however, because of the timing of the event prior
to spring planting. No recorded flood damage data
are available, but it is estimated that had the event
occurred during the growing season, flood damages
in the watershed would have approximated
$620,000 (1980 dollars).

Flood of April 11, 1965
The flood of April 11, 1965 had an estimated
recurrence interval of about 5 years in the upper
reaches of the Pike River and of about 8 years in
the lower reaches. On Pike Creek, however, the
1965 flood was the second largest event recorded
in the 20-year period of record at the USGS crest
stage gage located at the STH 142 crossing of
the creek. Had this event occurred during the
summer growing season, flood damages in the
Pike River watershed would have approximated
$350,000 (1980 dollars).

Flood of June 29, 1969
Heavy rains on June 29, 1969, reportedly caused
severe storm damage in much of the Village of
Sturtevant. During a 55-minu te period, 2.5 inches
of rain fell in the City of Kenosha. This storm
produced the second largest flood on the Pike
River during the period from 1940 through 1979,
based upon the 40 years of peak streamflow data
generated in the application of the Commission
floodflow simulation model. The recurrence inter
vais for this event are estimated to have ranged
from about 29 years in the Upper Pike River
watershed to about 26 years in the lower part
of the watershed. Estimated flood damages for this
event, as determined by application of the Com
mission flood economics submodel, approximated
$820,000 (1980 dollars). Because of the timing and
magnitude of this event, the 1969 flood was proba
bly the most costly during the period of record.

Spring and Summer Floods of 1972
Three significant floods occurred in 1972, on
April 16, July 14, and September 13. The April
and July events had recurrence intervals ranging
between five and nine years, while the September
event had a recurrence interval of about four years.
The Soil Conservation Service (SCS) flood hazard
study reported that heavy rains on April 16 caused
"street and basement flooding, flooded fields, and
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washed out culverts and roads." During the spring
and summer golfing season at the Kenosha Country
Club, the course was reportedly flooded about
22 days. Although no historic flood damage data
are available, it is estimated that at least $450,000
(1980 dollars) of flood damages occurred during
the spring and summer of 1972, not including
revenue losses at the Kenosha Country Club, such
estimation being based on application of the Com
mission flood economics submodel.

Flood of April 21, 1973
Although the flood of April 21, 1973 was the
largest ever recorded in some watersheds in south
eastern Wisconsin, the recurrence interval for this
event was only about two years throughout the
Pike River watershed. In the Pike River estuary,
however, significant flooding occurred caused by
a combination of factors, including possible back
water effects from a storm-induced seiche on Lake
Michigan aggravated by static lake levels about two
feet higher than normal, and by backwater from
a bar at the mouth of the Pike River at Lake Michi
gan (see Figure 28), as well as by the flood runoff
from the watershed itself. Flooding occurred at the
Carthage College campus and at the Valley Night
Club on STH 32.

Figure 28

BAR AT THE MOUTH OF THE PIKE RIVER AT
LAKE MICHIGAN FORMED BY THE DEPOSITION
OF FLUVIAL SEDIMENT AND LITTORAL DRIFT

Water levels in the Pike River estuary have been reported to increase
nearly six feet during flood flows as a result of the deposition of
fluvial sediment and littoral drift, forming a bar at the mouth of the
Pike River. Such blockage has resulted in flood damage to the Car
thage College Campus as well as to business establ ishments located
in the floodlands along the lower reaches of the Pike River.

Source: SEWRPC.



Flood of February 21, 1974
The winter flood of February 21, 1974, had
a recurrence interval of about seven years through
out the Pike River watershed and caused a reported
$106,000 damage to Alford Park in the City of
Kenosha. Losses of 150 trees, sod, topsoil, and
picnic equipment were attributed to this flood
event. No other such historic flood damage data
are available for this flood, however.

Flood of March 5, 1976
The flood of March 5, 1976 occurred after an ice
and rain storm over the entire Pike River water
shed. The recurrence interval for this event was
about 10 years throughout the watershed. The
Kenosha County Park Commission spent about
$1,350 for cleanup, to resod lawns, and replace
blacktop damaged during this event. No other such
historic flood damage data are available for this
flood, however.

Summer Floods of 1978
Four significant floods occurred in 1978, on July 2,
July 21, August 19, and September 13. The Sep
tember flood was the largest on record for the
period 1960 through 1980 at the U. S. Geological
Survey (USGS) gaging station on Pike Creek at
STH 142, while the August flood was the largest
on record for the period 1972 through 1980 at
the USGS gaging station on the Pike River at the
UW-Parkside Campus. The recurrence intervals for
both of these events were about 10 years based
upon the 40 years of simulated streamflow data
generated by the Commission flood flow simula
tion model. Thirty farmers reportedly applied to
the U. S. Soil Conservation Service for flood relief
assistance. The Kenosha County Park Commission
spent $2,430 for cleanup and repairs at Petrifying
Springs Park and estimated revenue losses due to
flooding of the park and the golf course are reported
to have been $10,800 on July 2, July 22, July 23,
August 19, September 13, and September 14,1978.
Road overtopping occurred at the intersection of
Meacham Road and County Line Road during the
July 1978 flooding. Damages incurred during the
summer floods of 1978 were estimated to total
$500,000, based upon application of the Commis
sion's flood economics submodel.

A comparison was made of the high water mark
noted above and recorded by the Petrifying Springs
Park staff to the 10-year recurrence interval flood
stage at this location as determined by the Com
mission's hydrologic-hydraulic simulation sub
model. The elevation of the high water mark was

approximately 638.8 National Geodetic Vertical
Datum (NGVD), while the simulated flood stage
was 638.4 NGVD, thus showing good agreement
and thereby further verifying the validity of the
simulated flood stages.

HISTORIC FLOODING: SOME OBSERVATIONS

One of the uses of historic flood information is to
support public educational and informational
activities after completion of the watershed plan.
Much can be learned and several conclusions can be
drawn from the record of historic flooding in the
Pike River watershed. Some observations based on
information obtained during the research on his
toric flooding are discussed below. The intent is
that these observations may be useful to public
officials and interested citizens when they face
decisions directly or indirectly related to develop
ment or redevelopment in the riverine areas, par
ticularly decisions related to flood problems.

Variety of Damage and Disruption
The historic record clearly demonstrates that flood
waters can cause physical damage to many differ
ent kinds of structures and facilities in a variety of
ways. As a result of that damage, and sometimes
even in the absence of actual physical damage,
major floods can cause significant disruption of
social and economic activities in the watershed.

The principal types of damage experienced in the
Pike River watershed have been damage to crop
lands and damage to structures-private residences
and commercial buildings-and to their contents as
a result of overland and attendant secondary flood
ing. Bridges and culverts and sections of road
ways have been damaged by the erosive action of
rapidly moving floodwaters so as to require exten
sive repair.

A costly type of disruption associated with major
flood events in the Pike River watershed has been
the interruption of business activities not only
during the flood events but also during the post
flood cleanup and repair period. In the public
sector, the routine operations of governmental
units usually are disrupted during flood events as
public officials attempt to provide immediate relief
to affected areas. Another form of disruption
directly attributable to major flood events is the
temporary closure of highways that have been
inundated at a relatively low place, or as a result
of damage to a river crossing. Although floodland
recreational areas and facilities such as ballfields,
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golf courses, and picnic grounds typically incur
little physical damage as a result of flooding, their
use is temporarily curtailed by inundation. Such
curtailment of use of the Kenosha Country Club
golf course both during a major flood event and for
some time thereafter is a costly exception to this
general rule, due to the manner in which the Club
must function as a private business.

In summary, then, the historic flood record
assembled for the Pike River watershed indicates
that floods cause physical damage to croplands
and to many types of structures and facilities in
a variety of ways, and that floods directly or
indirectly disrupt the normal activities of many
watershed residents. While the physical damage
caused by major flood events is limited to the
riverine areas, the attendant costs and disruption
may be more widely borne.

The Risk to Human Life and Health
There is a tendency to consider and evaluate the
damage and disruption normally accompanying
flooding without due regard to the risk to human
life and health that exists during every major flood
event. Public officials and interested citizens
should be aware of this danger as one factor to
be weighed in making decisions that are directly
or indirectly related to riverine areas. The his
toric record for the Pike River watershed contains
accounts of two incidents in which a total of three
people were drowned during flood events.4

Regardless of the rural or urban nature of a water
shed, flood events are potentially hazardous to
people in or near the riverine areas primarily
because normally shallow, narrow, slowly moving
rivers and streams become deep, wide, rapidly
moving torrents that can readily entrap even an
adult. For example, floodwaters at a depth of four
feet and moving at a velocity of four feet' per
second, a condition that would be expected over
much of the floodlands of the Pike River during
a major flood event, would exert a dynamic force
of approximately 110 pounds on an adult. If the
velocity were doubled to eight feet per second,

4 One of the incidents occurred in August of 1980
in which two people were drowned near the mouth
of the Pike River. The other incident occurred in
July of 1968 in which one person was drowned,
also near the mouth. In both instances the high
velocity of the flood and/or ebb flows were an
important contributing factor to the loss of life.
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which may still be a common condition near
the channel during a major flood event, the
dynamic force would increase by a factor of
four to about 440 pounds. Not only are these
forces large, but they probably would be applied
abruptly and unexpectedly to persons entrapped
in the floodwaters.

An example of the risk to human life that exists
during a major flood event frequently occurs
within the Pike River watershed near the mouth
of the Pike River, where the two above-noted
drowning incidents occurred. The longshore cur
rents of Lake Michigan deposit sediments at the
mouth of the Pike River, forming a bar which
significantly reduces the conveyance of the chan
nel. When a storm event-of even a relatively small
magnitude-occurs under these conditions, signifi
cant flooding occurs upstream due to the blockage
at the mouth. The hydraulic head differences are
reported to be on the order of 5 to 10 feet during
such conditions. The flood stage upstream from
the mouth continues to rise until the temporary
"dam" is breached, or until the hydraulic pressure
exerted on the bar becomes large enough to force
a larger opening through the bar. This creates
extremely high velocities in the channel near the
mouth until the upstream flood waters subside,
a process which reportedly occurs within from 4 to
24 hours. It is the resulting high velocities in the
channel which have been the apparent cause of the
drowning incidents noted above.

The threat to human life is severe in the Pike
River watershed for three reasons. First, part of
the watershed is highly urbanized and, therefore,
many people-and particularly many children who
are naturally drawn to surface waters-may be
expected to be close to the stream system. Second,
as a result of the storm and floodwater conveyance
system that has been developed to serve urban
areas of the watershed, flood discharges and stages
in some stream reaches rise rapidly with little
advance warning. Third, most of the watershed
stream system has been subjected to major chan
nelization. These hydraulically efficient sections
will normally exhibit high, and therefore poten
tially dangerous, channel velocities during flood
events. Results obtained with the hydrologic
hydraulic model described in Chapter VIII of this
report indicate that channel velocities in channel
ized sections may be expected to be substantially
higher than channel velocities in natural riverine
areas under major flood conditions. Not only are
velocities higher in channelized reaches, compared



with the conditions that exist in the channel and
on the floodplain under more natural conditions,
but human escape from the channelized reaches
may be more difficult because of the relatively
stee~ banks of the improved channels which in
some cases are relatively free of vegetation and
therefore relatively smooth.

With the exception of increasing public awareness
of the danger, little can be done in most cases to
mitigate the threats to human life presented by
high velocity flows in channelized reaches. That
threat is one of the intangible, but nevertheless
significant, negative aspects of an urban develop
ment pattern that encroaches into the wide,
natural floodlands of the surface water system,
thereby necessitating the construction of narrow,
deep, and straight artificial channels designed to
effect a rapid removal of runoff during major
rainfall and snowmelt events.

In summary, then, historic evidence accumulated
for the Pike River watershed, supplemented with
hydraulic analyses completed under the watershed
study, indicates that major flood events can pose
a serious threat to human life. This risk is height
ened in highly urbanized portions of the watershed
because of the proximity of people to the riverine
areas, the "flashy" nature of some of the streams,
and the high velocities and steep banks character
istic of channelized reaches.

While the threat of flooding to human life can be
readily illustrated by reference to historic accounts
of flood-related'rescues and deaths, the threat to
health is not so apparent. Nevertheless, it does
exist. Floodwaters can be the medium for trans
porting potentially harmful substances, such as
toxic materials from industrial operations and
pathogenic (disease-producing) bacteria from sani
tary and combined sewers, to residential areas
where there is the possibility of contact with and
harm to the residents.

In addition to potential physiological harm, the
occurrence of t100ds as well as the ever-present
threat of flooding can adversely affect the psycho
logical health and well being of riverine area resi
dents. Owners or tenants of flood-prone structures
and properties are burdened with the need to be
in a constant state of readiness, particularly in the
urbanized areas of the watershed where major
t100ds can occur almost any time of the year and
with little warning. These owners or tenants occa
sionally must contend with the unpleasant task
of cleaning contaminated, flood-borne sand, silt,

and other materials and debris from their homes
and places of business. Finally, even after the flood
has passed and the cleanup and repairs have been
completed, lingering odors and other evidence of
the recent inundation will impose an additional
psychological stress on the occupants of riverine
area property.

MONETARY FLOOD LOSSES AND RISKS

Flood damage is defined herein as the physical
deterioration or destruction caused by floodwaters.
The term flood loss refers to the net effect of his
toric flood damage on the regional economy and
well being, with the tangible components of the
loss being expressed in monetary units. Flood risk
is the probable damage, expressed either on a per
flood event basis or on an average annual basis,
that will be incurred as a result of future flooding
with the tangible portion of the risk expressed in
monetary terms.. All losses resulting from historic
flooding or the risk attendant to future flooding
can be classified into one of three types of damage
categories-direct, indirect, and intangible. Such
damages can also be classified according to whether
the private or the public sector incurs the losses or
risks. This two-way classification of flood losses
and risks is set forth in Table 34.

Flood Losses and Risks Categorized by Type
In order to promote compatibility with the policies
and practices of such federal agencies as the
U. S. Army Corps of Engineers and U. S. Soil Con
servation Service, which may be asked to assist
in the implementation of the recommended water
shed plan, the following three categories of flood
losses and risks were defined for the purpose of
the study:

1. Direct flood losses or risks were defined as
monetary expenditures required, or which
would be required, to restore flood-damaged
property to its preflood condition. This
includes the cost of cleaning, repairing, and
replacing residential, commercial, industrial,
and agricultural buildings and contents and
other objects and materials located outside
of the buildings on the property. Direct
losses and risks also encompass the cost of
cleaning, repairing, and replacing roads and
bridges, storm water systems, sanitary sewer
systems, and other utiiities; the cost of
restoring damaged park and recreational
lands; and the cost of replanting as well as
the cost of losing all or part of the first crop.
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Table 34

CATEGORIES OF FLOOD LOSSES AND RISKS

Ownership

Type of
Damage Private Sector Public Sector

Direct Cost of cleaning, repairing, or replacing Cost of repairing or replacing road
residential, commercial, and industrial segments, bridges, culverts, and dams
buildings, contents, and land Cost of repairing damage to storm water systems,

Cost of cleaning, repairing, or replacing sanitary sewerage systems, and other utilities
agricultural buildings and contents and Cost of restoring parks and other
cost of lost crops and livestock public recreational lands

Indirect Cost of temporary evacuation and relocation Incremental costs to governmental units

Lost wages as a result of flood fighting measures
Lost production and sales Cost of postflood engineering and
Incremental cost of transportation planning studies
Cost of postflood floodproofing

Intangible Loss of life Disruption of normal community activities

Health hazards Reluctance by business interests to continue
Psychological stress development of flood-prone commercial-
Reluctance by individuals to inhabit industrial areas thereby adversely

flood-prone areas thereby depreciating affecting the community tax base
riverine area property values

Source: SEWRPC.

2. Indirect flood losses and risks were defined
as the net monetary cost of evacuation,
relocation, lost wages, lost production, and
lost sales; the increased cost of highway and
railroad transportation because of flood
caused detours; the costs of flood fighting
and emergency services provided by govern
mental units, as well as the cost of postflood
floodproofing of individual structures. The
costs of postflood engineering and planning
studies also are categorized as indirect lC?sses
and risks. Although often difficult to deter
mine with accuracy, indirect losses and risks
nevertheless constitute a real monetary
burden on the economy of the Region.

3. Intangible flood losses and risks were
defined as flood effects which cannot be
readily measured in monetary terms. Such
losses and risks include health hazards, prop
erty value depreciation as a result of flood
ing, and the general disruption of normal
community activities. Intangible losses and
risks also include the severe psychological
stress experienced by owners or occupants
of riverine area structures.
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Flood Losses and Risks
Categorized by Ownership
As already noted, flood losses and risks may also
be classified on the basis of ownership into public
sector and private-sector losses and risks. Each of
the three categories of flood 10ss-direct, indi
rect, and intangible--may, therefore, be further
subdivided into pUblic-sector losses as shown in
Table 34. Within the direct loss category, for
example, the cost of cleaning, repairing, and
replacing residential buildings and their contents
is a private-sector flood loss, whereas the cost of
repairing or replacing damaged bridges and culverts
is a pUblic-sector loss.

Role of Monetary Flood Risks
Previous sections of this chapter identified the
major historic flood events known to have occurred
within the watershed and described the severity of
each flood event and in some cases the reaches of
the stream system affected, the types of damage
and disruption that occurred, although in most
cases little such historic information was available,
and the relative magnitude of recorded peak flood
discharges. While such a qualitative description of
flooding is an effective means of communicating



the characteristics of flooding, it is not adequate
for sound economic analyses of alternative solu
tions to flood problems. Such analyses require that
flood damages for the various stream reaches be
quantified in monetary terms on a uniform basis
throughout the watershed.

The quantitative, uniform means of expressing
flood damages selected for use in the Pike River
watershed study was the average annual flood
damage risk expressed in 1980 dollars. Average
annual flood risk was computed for flood-prone
reaches to provide a monetary value that could be
used, wholly or in part, as an annual benefit for
comparison to annual costs of technically feasible
alternative flood control measures such as acquisi
tion and removal of flood-prone structures, struc
ture floodproofing, channel modification, and
construction of earthen dikes, concrete floodwalls,
and flood control reservoirs.

Methodology Used to Determine
Average Annual Flood Risks
The average annual flood damage risk for a stream
reach is defined as the sum of the direct and
indirect monetary flood losses resulting from
floods of all probabilities, each weighted by its
probability of occurrence or exceedance in any
year. If a damage-probability curve is constructed,
such as the graph of dollar damage versus flood
probability as illustrated in Figure 29, the average
annual risk is represented by the area beneath the
curve. The damage-probability curve for each
flood-prone reach is developed by combining the
reach stage-probability relationship with the reach
stage-damage curve as illustrated in Figure 29. The
determination of average annual flood risk for
a particular flood-prone reach, therefore, depends
upon construction of the stage-probability and
stage-damage relationships for the reach.

The ideal way to develop the two required rela
tionships for a particular reach would be from
a long series of stage observations which could be
analyzed statistically to yield the stage-probability
curve and from a similar long series of recorded
direct and indirect damages actually experienced
by riverine area occupants for a full range of flood
stages. Inasmuch as neither the long term river
stage information nor the damage information is
generally available, it is necessary to develop the
stage-probability and stage-damage relationships
by analytical means and then to combine them to
form the damage-probability relationship.

Synthesis of Reach Stage-Probability Relationships:
The stage-probability relationship for a particular
reach is determined by the hydraulic characteristics
of the reach, such as the shape of the floodland
cross sections, the value of the Manning roughness
coefficients and the presence of bridges, culverts,
and other structures-all of which are to some
extent determined by the activities of man-and
the magnitude of flood flows expected in the
reach. These flood flows are in turn a function of
upstream hydraulics and hydrology which are also,
because of man's activities, continuously under
going change or have the potential to do so. It
follows, therefore, that each reach does not have
a unique stage-probability curve but instead there
are many possible stage-probability curves, each of
which is associated with a given combination of
hydrologic-hydraulic conditions in and upstream of
the reach in question.

Figure 29 shows an example of a stage-probability
curve synthesized for a stream reach in the Pike
River watershed.

Synthesis of Reach Stage-Damage Relationships:
The stage-damage curve for a reach is determined
by the nature and extent of flood-prone structures
and other property contained within the reach. It
follows, therefore, that there is a separate stage
damage curve for each combination of riverine area
land uses. Development of the stage-damage rela
tionship for a particular combination of riverine
area land uses in a reach begins with computation
of the flood losses that may be expected for an
arbitrarily selected flood stage slightly above the
elevation of the river channel. These flood losses
consist of estimates of the direct and indirect
monetary flood losses set forth in Table 34. Upon
completion of the summation of flood losses at
the initial flood stage, a higher stage is considered.
This process is repeated so as to consider the full
spectrum of flood stages from just above the river
bank up to the 100-year recurrence interval flow
stage. Figure 29 presents an example of a synthe
sized stage-damage curve for a reach.

Synthesis of reach stage-damage relationships
requires the use of depth-damage relationships for
the various type structures, facilities, croplands,
and activities likely to be present in or to occur
in floodlands. A depth-damage relationship for
a particular type of structure is a graph of depth of
inundation in feet relative to the first floor versus
dollar damage to structure and contents expressed
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as a percent of the total dollar value of the struc
ture and its contents. The depth-damage relation
ships for five types of structures as used in the Pike
River watershed study are shown in Figure 30.
These depth-damage relationships were developed
by the Commission staff using Federal Insurance
Administration tables as published in 1970 and
revised in 1974 and 1975. The depth-damage rela
tionships for croplands were provided by the
U. S. Soil Conservation Service (SCS) and have
been used by the SCS in cost-benefit studies of
proposed flood control structures in agricultural
areas in southeastern Wisconsin. The SCS damage
data include consideration of the net value of
appropriate replacement crops, which in turn is
affected by the timing of the flood event. Depth
damage data for corn, oats, hay, and pasture are
shown in Table 35. Damage to truck farm vege
table crops for any depth of flooding was assumed
to be total.

Determination of Indirect Damages: The above
depth-damage relationships reflect the direct
damage to each of the various types of structures
or croplands as the function of the depth of inun
dation. Indirect damages, which can be a signifi
cant fraction of the total monetary losses incurred
during a flood event, were computed as a percent
age of the direct damages to the various types of
structures_ The direct damages to commercial and
industrial structures were increased by 40 percent
to account for indirect damages, whereas the direct
damages to residential and all other types of struc
tures were increased by 15 percent to reflect
indirect damages.5 Indirect flood damage costs due
to road overtopping were based upon the incre
mental increase in travel distance on detour routes
and upon the duration of road overtopping when
depths exceeded 0.3 foot for free weir flow condi
tions. Durations were determined using hydro
graphs generated by the Hydrocomp Simulation
Program for the Pike River watershed developed by
the Commission.

Figure 30 Average Annual Flood Risks: The above method
ology was used to compute average annual flood
risks for selected reaches in the Pike River water
shed under existing and hypothetical future flood
land development-land use conditions. The volumi
nous computations were carried out with the flood
economics submodel of the hydrologic-hydraulic
simulation model described in Chapter VIII. The
resulting per event and average annual flood risks
for selected reaches under various floodland and
nonfloodland development conditions are pre
sented in tabular and graphic form in Chapter XII
of this report. For existing land use and channel
conditions it was determined by the economic
submodel that the occurrence of a flood equal in
magnitude to that of the 1960 flood would cause
$950,000 damage in the Pike River watershed.
Similarly, the average annual flood damage was
determined to be $245,000, and the damages
caused by the 10-, 50-, and 100-year recurrence
interval flood events were determined to be
$450,000, $960,000, and $1,020,000, respectively.

5 R. W. Kates, "Industrial Flood Losses: Damage
Estimation in the Lehigh Valley," the University of
Chicago, Department of Geography, Research Paper
No. 98, 1965, pp. 15 to 17.

o

•
•,
•,

•
•

•,

• •
, 8

", ~

, ~

"o 0

"
• w
8 ;:

, ~
w• •
", ~·"z, ;

, 2

, ~
z

o !
, "o
, r

", .·~,

,
,

. : I
,

:
,

, ,
I

,
/ I

,
,

/
f,

,
,

/I 1/
,, I
,

//
IN

/ /

'/
/ /

'fi / -"
f--- t; ~ ......-

'~
/ ---/ FIRST FLOOR-----.

,V / LEGEND I I
f

--- :;'~~;~~~AL STRUCTURE WITHOUT __
/ I

I --- RESIDENTIAL STRUCTURE WITH
--

//
BASEMENT --

If -- MOBILE HOME --
1/ -- SMillLL BUSINESS STRUCTURE --

WITHOUT BASEMENT ----- SMALL BUSINESS STRUCTURE --
WITH BASEMENT

I I I -
-,

19

"
,.
"

DEPTH-DAMAGE CURVES
FOR SELECTED STRUCTURES

'0

"

.,-..,-.-.
-'0 o 10 20 30 40 50 60 70 eo 90

DAMAGE TO STRUCTURE AND CONTENTS IN PERCENT
OF" TOTAL VALUE OF STRUCTURE AND CONTENTS

::;ource: Feaerallnsurance Admlnlstratiun and SEWHPC.

~-
r -,

"~-3-.

159



Table 35

DEPTH·DAMAGE DATA FOR CROPS IN THE PIKE RIVER WATERSHED

Gross Flood
Percent Damagea per Month

Value Depth
Crop per Acre (feet) April May June July August September October

Alfalfab .... $189 0-1 -- 41 33 22 13 6 --
1-3 -- 47 45 28 19 9 --

>3 -- 63 49 33 22 13 --
Cornc...... $282 0-1 -- 15 32 25 15 9 6

1-3 -- 12 42 43 27 15 11

>3 -- 17 51 59 34 21 21
Oatsd ...... $138 0-1 36 40 53 44 28 -- --

1-3 36 40 63 55 38 -- --
>3 36 40 66 60 44 -- --

Pasturee $ 40 0-1 30 35 30 25 35 25.... --
1-3 -- 35 50 45 40 50 40
>3 -- 45 65 60 45 65 55

Vegetablesf $800g N/Af __f __f __f __f __f _J __f..

NOTE: N/A indicates data not available.

apercent damage also includes the costs and return on planting and harvesting appropriate alternate crops after a damaging flood event occurs.

bGross value of alfalfa hay based upon yield of 4.5 tons per acre at a value of $42.05 per ton.

cGross value of corn based upon yield of 130 bushels per acre at a value of $2. 17 per bushel.

dGross value of oats based upon yield of 65 bushels per acre at a value of $1.43 per bushel.

eGross value of pasture as feed based upon 120 cow-pasture days at $40 per cow per acre.

fAcreage data and depth damage data for each specific vegetable crop in the Pike River watershed were not available for evaluation of flood
damage by crop. Because flooding can occur at any time during the growing season and because many vegetable crops will not tolerate flood
inundation depths as shallow as even 1 foot, it was assumed that any vegetable crop experiencing any degree of flood inundation would be
totally destroyed.

gGross value of vegetables estimated based upon value per acre of onions = $1,029, lettuce = $1,832, carrots = $1.416, sweetcorn = $191,
snap beans = $367, cucumbers = $907, green lima beans = $315, cabbage = $630, and potatoes = $1.270.

Source: U. S. Soil Conservation Service and SEWRPC.

SUMMARY

An understanding of the interrelationships that
exist between the flood characteristics of the
watershed stream system and the uses to which
the floodland and nonfloodland areas of the water
shed are put is fundamental to any comprehensive
watershed study. This understanding is a prerequi
site to solving existing flood problems and prevent
ing the occurrence of future flood problems. Flood
damage and disruption in the Pike River watershed
have been largely a consequence of the failure to
recognize and account for the relationships which
exist between the use of land, both within and
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outside of the natural floodlands of the watershed,
and the flood flow behavior of the stream system
of the watershed.

Historic flood information has several key applica
tions during both the plan preparation and plan
implementation processes including: 1) identifica
tion of problem areas, 2) determination of the
causes of flooding, 3) calibration of the hydrologic
hydraulic model, 4) computation of monetary
flood risks, 5) formulation of alternative flood
control plan elements, and 6) postplan information
and education purposes. Synthesized monetary
flood risks are utilized during the watershed plan-



ning process to conduct cost-benefit analyses of
alternative flood control measures such as acquisi
tion and removal of flood-prone structures, struc
ture floodproofing, channel modification, and
construction of dikes, floodwalls, and flood
control reservoirs.

A distinction is drawn between flooding problems,
which is the intended concern of this chapter-and
one of the major water resource problem areas
to be addressed in the watershed planning effort
and storm water inundation problems which are
beyond the scope of the Pike River watershed
planning program. Flood problems are defined, for
purposes of this report, as damaging inundation
which occurs along well-defined rivers and streams
as the direct result of water moving out of and
away from those rivers and streams, and includes
both overland and secondary flooding. In contrast,
storm water inundation problems are defined as
damaging inundation which occurs when storm
water runoff en route to rivers and streams and
other low-lying areas encounters inadequate con
veyance or storage facilities and, as a result, causes
localized ponding and surcharging of storm and
sanitary sewers.

Research of the available historic records indicated
the occurrence of nine major flooding periods in
the Pike River watershed in the recent past. These
major floods, each of which caused significant
damage to property as well as disruption of normal
social and economic activities in the watershed,
were the floods of March 30, 1960; March 29,
1962; April 11, 1965; and June 29, 1969; the
spring and summer floods of 1972; the floods of
April 21, 1973; February 21, 1974; March 5, 1976;
and the summer floods of 1978. The June 1969
flood caused the highest monetary damages in the
watershed since 1940, with an estimated loss of
$820,000 (1980 dollars). The March 1960 flood,
the largest since at least 1940, did not cause signi
ficant agricultural monetary damages because it
occurred prior to spring planting. Had that event
occurred during the growing season, an estimated
damage of $950,000 would have been incurred.
Similarly, the March 1962 flood would have caused
an estimated $620,000 damage had it occurred
during the growing season. Information about the
cause and effect of each of these floods was
derived by a research process consisting of the
following sequential steps: initial reconnaissance of
published reports and data, review of newspaper
accounts and newspaper files, examination of
library and historical society holdings, and contact

with community and agency officials. In addition,
streamflow and crest gaging records collected in
th~ watershed since 1960, supplemented by syn
thetic streamflow records generated throughout
the watershed by the application of the Commis
sion simulation model since 1940, were utilized to
identify the occurrence and magnitude of major
floods and the cause thereof.

Findings of the research into historic flood prob
lems leads to the conclusion that flood problems
in the urbanized portions of the Pike River water
shed are relatively minor compared to flood
damages in agricultural areas. It is important to
note, however, that the design flood selected for
the Pike River watershed planning program is the
100-year recurrence interval event as it would
occur under year 2000 plan land use and flood
land development conditions. A flood of this
magnitude has not occurred in the watershed under
existing or recent development conditions. There
fore, hydrologic-hydraulic-flood risk analyses were
performed, as described in Chaper XII of this
report, to quantify flood problems likely to occur
in the watershed under year 2000 plan land use
and floodland development conditions, and to
identify flood-prone areas. Based upon these
studies, it is anticipated that under a no-action
alternative substantial increases in flood damages
may be expected to occur in both urban and rural
areas of the watershed due to increased runoff
rates and volumes attributable to the effects of
urbanization. Because of the primarily rural nature
of the Pike River watershed, relatively few resi
dences have been flooded in the past as compared
to the highly urbanized watersheds in southeastern
Wisconsin. However, uncontrolled urbanization
and lack of adequate floodplain management mea
sures could result in significant increases in flood
ing damage to not only existing but also future
residential development in the watershed.

In addition to the quantitative data derived from
the inventory of historic flooding, three observa
tions emerge regarding the characteristics of
flooding in the Pike River watershed. First, the
historic record indicates that flooding has caused
physical damage to many different types of struc
tures and facilities in a variety of ways and that the
disruption attendant to major floods is experienced
by many watershed residents, not just those that
actually occupy the floodlands. Second, the inven
tory of historic flooding indicates that rainfall, as
opposed to snowmelt or rainfall-snowmelt com
binations, has been the principal cause of major
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floods in highly urbanized watersheds and adjacent
downstream rural areas. This is particularly signifi
cant because it means that, with the exception of
the winter season, major floods can occur at any
time of the year in parts of the Pike River water
shed and when they do occur, they will be charac
terized by rapid increases in discharge and stage,
thereby offering minimal opportunity for advance
warning to occupants of riverine areas. Finally,
the risk to human life is illustrated in the historic
flood record by accounts of three drownings and
of near drownings, with the threat to human
life being more severe in an urban, rather than
a rural, watershed.

Flood loss refers to the net effect of historic flood
ing on the regional economy and well being, with
the tangible portions of the loss being expressed
in monetary terms. Flood risk is the probable
damage, expressed either on a per flood event basis
or on an average annual basis, that will be incurred
as a result of future flooding, with the tangible
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portion expressed in monetary terms. All flood
losses and risks may be classified into one of three
categories-direct, indirect, and intangible-or they
may be classified by whether the private or public
sector incurs the losses or risks.

Average annual flood damage risk expressed in
monetary terms was selected as the quantitative,
uniform means of expressing flood severity in the
Pike River watershed. These values were derived
from damage-probability curves developed for
selected reaches under existing, planned, and other
floodland and nonfloodland development condi
tions. The average annual flood damage in the
watershed is estimated to be $245,000 for existing
land use conditions. Of this total, $61,300 repre
sents agricultural damages and $142,400 represents
residential structure and contents damage, with the
remainder representing public and private recrea
tion area damages and miscellaneous direct and
indirect damages. Revenue losses to the Kenosha
Country Club are not included in these totals.
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Chapter VII

SURFACE WATER QUALITY CHARACTERISTICS AND PROBLEMS

INTRODUCTION

A basic premise of the Commission watershed
studies is that the activities of man affect, and are
affected by, water quality. This is especially true
in a mixed agricultural-urban area such as the Pike
River watershed where the effects of human activi
ties on water quality tend to overshadow natural
influences. The hydrologic cycle provides the prin
cipal linkage between human activities and the
quality of surface water and groundwaters, in that
the cycle transports potential pollutants from man
to his environment and from the environment
to man.

Water resources planning efforts in general, and the
Pike River watershed planning program in particu
lar, must include an evaluation of historic, present,
and anticipated future water quality conditions
and the relationship of those conditions to existing
and probable future land and water uses. The pur
pose of this chapter is to determine the extent to
which surface waters in the Pike River watershed
have been and are polluted, and to identify the
probable causes for or sources of that pollution.
More specifically this chapter discusses the con
cepts of water quality and pollution; summarizes
the Commission recommended water use objectives
and supporting water quality standards for the sur
face water system of the watershed as a benchmark
against which historic and recent water quality
may be measured; documents current surface water
pollution problems in the watershed utilizing field
data from a variety of water quality studies, most
of which were conducted during the past two
decades; explores the differences between wet and
dry weather water quality phenomena; and indi
cates the location and type of the numerous and
varied sources of wastewaters and other potential
pollutants discharged to the surface water system
of the watershed, describes the characteristics of
the discharges from those sources and, where fea
sible, quantifies the pollutant contribution of each
source. Data and information presented herein pro
vide the basis for development and testing of the
alternative water quality control plan elements
described in Chapter XIII of this report.

The focus of this chapter is surface water quality
characteristics and problems. Two related topics
addressed in previous Commission comprehensive
studies of watersheds are water supply from both
subsurface and surface sources and groundwater
quality characteristics and problems. The topics of
groundwater quality and water supply are treated
in this report only to the extent that they provide
information about the development potential of
the watershed or relate to surface water quality
problems. This minimal emphasis on groundwater
quality and on surface water and groundwater
supply is in accordance with the objectives of the
Pike River watershed planning program which are
set forth in Chapter I and, briefly restated, are to:
1) prepare a floodland management plan, 2) pre
pare a surface water quality management plan,
3) prepare a plan for public open space preserva
tion, and 4) refine and adjust the regional land use
plan to reflect the needs and characteristics of the
watershed. These planning program objectives are
based on the conclusions set forth in the Pike River
Watershed Planning Program Prospectus, which
identified four water resource-related problems in
the watershed; namely, flooding, pollution of sur
face waters, deterioration of the natural resource
base, and changing land use. The preliminary public
hearing conducted on the proposed scope and
content of the watershed study1 as well as the
inventory and analysis phases of the Pike River
watershed planning program did not identify any
serious problems in those two water resource
related areas. With respect to water supply, a series
of past decisions are accepted as given for purposes
of the Pike River watershed study. As noted in
Chapter III of this report, the shallow aquifer
generally provides a high-quality and plentiful
source of supply for isolated enclaves of urban
development. Longstanding local and regional
plans, and the adopted plans for the Kenosha and

1Southeastern Wisconsin Regional Planning Com
mission Minutes of the Initial Public Hearing on
the Pike River Watershed Study, February 7, 1980.
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Racine Urban Planning Districts envision that the
urban service areas around the Cities of Kenosha
and Racine-including the Sturtevant and Somer
areas-will eventually be served by the centralized
public water supply systems of Kenosha and
Racine which utilize Lake Michigan as their water
source. These long-term recommendations are cur
rently being reviewed in the Kenosha County
portion of the watershed in the review and reeval
uation of the urban planning district plan for the
Kenosha area. Therefore, the Pike River watershed
study work efforts have supported the conclusion
of the Prospectus that groundwater quality and
surface water and groundwater supply are not
serious problems in the Pike River watershed with
the single exception of an isolated groundwater
pollution problem-discussed in Chapter III of this
report-alleged to be the result of a sanitary land
fill operational problem.

The elimination of water supply as a major area
of concern in the Pike River watershed planning
program does not introduce any deficiencies in the
systems analysis conducted under the planning
program since the water supply and waste water
disposal systems do not interact significantly with
the surface water system of the watershed. As
indicated in Chapter III of this report, most of the
population of the Pike River watershed is served by
public water supply systems utilizing Lake Michi
gan as a source. After use, this water is discharged
by the user to the sanitary sewerage system through
which the used water is transported back out of
the watershed for treatment before being returned
to the Lake. A small amount of water withdrawn
from Lake Michigan by the Racine water utility is
treated and discharged to the Pike River watershed
from the Village of Sturtevant. The Town of
Somers Utility District No.1 is served by private
wells and that spent groundwater is treated and
discharged to the surface water system. These two
sewerage treatment facilities are proposed to be
abandoned2 and the collection systems connected
to the City of Racine and Kenosha respectively;
thus the discharge attendant to these facilities will
also be transported out of the Pike River water
shed. Accordingly, it may be concluded that the
water supply and wastewater disposal systems of
the watershed are or soon will be essentially phy
sically separate from the surface water system of
the watershed.

2In March 1980 the Village of Sturtevant sewage
treatment plant was abandoned and the service
area was connected to the City of Racine system.
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Even if groundwater problems-particularly ground
water quantity problems-do develop in the Pike
River watershed, it is highly unlikely that the
watershed study or an extension of the study
would be a sound basis for investigating and
resolving those problems. Regardless of whether
the groundwater moves in the shallow or deep aqui
fers, that movement is essentially independent of
watershed processes and watershed boundaries
particularly in a watershed as small as the Pike
River watershed-being instead influenced by
regional and even extraregional aquifer characteris
tics, recharge patterns, and groundwater pumpage.
Groundwater supply problems beginning to appear
in the southeastern Wisconsin area can best be
resolved through a comprehensive regional water
supply planning program.

WATER QUALITY AND
POLLUTION: BACKGROUND

The term "water quality" refers to the physical,
chemical, and biological characteristics of surface
water and groundwater. Water quality is deter
mined both by the natural environment and by the
activities of man. The uses which can be made of
the water resource are significantly affected by its
quality, and each potential use requires a certain
level of water quality.

Definition of Pollution
Pure water, in a chemical sense, is not known to
exist in nature in that foreign substances, origi
nating from the natural environment or the activi
ties of man, will always be present. Water is said to
be polluted when those foreign substances are in
such a form and so concentrated as to render the
water unsuitable for any desired beneficial uses
such as the following: preservation and enhance
ment of fish and other aquatic life, water-based
recreation, public water supply, industrial water
supply and cooling water, wastewater disposal, and
aesthetic enjoyment.

This definition of pollution does not explicitly
consider the source of the polluting substance
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 exclu
sively related to human activity and, therefore, the
sources are potentially subject to control through
alteration of human activity. Examples of poten
tially polluting discharges to the surface waters
that are related to human activities include dis
charges of treated effluent from municipal and
private sewage treatment facilities, discharges of
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raw sewage from separate and combined sewer
overflows and from commercial and industrial
establishments, and ·runoff from urban areas and
from agricultural lands. Substances derived from
natural sources that are present in such quantities
as to adversely affect certain beneficial water uses
would not be herein defined as pollution, but
would constitute a natural condition that impairs
the usefulness of the water.

Types of Pollution
As defined above, water pollution is the direct
result of human activity in the tributary watershed.
Water pollution may be divided into one or more
of the following eight types in accordance with the
nature of the substance that causes the pollution:

1. Toxic pollution, such as that caused by
heavy metals and other inorganic elements
or compounds in industrial wastes, domestic
sewage, or runoff, some of which may be
toxic to humans and to other life;

2. Organic pollution, such as that caused by
oxygen-demanding organic compounds-car
bonaceous and nitrogenous-in domestic
sewage and industrial waste, which exerts
a high oxygen demand and may severely
affect fish life;

3. Nutrient pollution, such as that caused by an
overabundance of plant nutrient substances
such as nitrogen and phosphorus compounds
in urban or agricultural runoff and in domes
tic sewage; this type of pollution may cause
unsightly, excessive plant growths which can
deplete the oxygen supply in water through
respiratory and decay processes;

4. Pathogenic or disease-carrying pollution,
such as that caused by the presence of
bacteria and viruses in domestic sewage or
in runoff, which may transmit infectious
diseases from one person to another;

5. Thermal pollution, such as that caused by
heated discharges, which may adversely
affect aquatic flora and fauna;

6. Sediment pollution, such as that caused by
lack of adequate soil conservation practices
in rural areas and inadequate runoff control
during construction in urban areas, which
results in instream sediment accumulation

that has the potential to inhibit aquatic
life, interfere with navigation, impede agri
cultural drainage, and increase flood stages;

7. Radiological pollution, such as that caused
by the presence of radioactive substances in
sewage or cooling water discharges, which
may adversely affect human and animal life;
and

8. Aesthetic pollution, which may be asso
ciated with any combination of the other
forms of pollution along with floating debris
and unsightly accumulations of trash along
stream banks and lakeshores.

All of the above eight types of water pollution may
occur in surface waters. Groundwater pollution is
normally limited to toxic, nutrient, pathogenic,
and radiological pollution. With the excepton of
thermal and radiological pollution, all of the above
types of pollution are known to occur, or to have
occurred, in the Pike River watershed as docu
mented in this chapter.

The Relative Nature of Pollution
The determination of whether or not a particular
surface water or groundwater resource is polluted
is a function of the intended use of the water
resource in that the water may be polluted for
some uses and not polluted for others. For example,
a stream that contains a low dissolved oxygen level
would be classified as polluted for the use of sport
fishing since the survival and propagation of fish
depends upon an ample supply of dissolved oxygen.
That same stream, however, may not be considered
polluted when its water was used for industrial
cooling. Water pollution, therefore, is a relative
term, depending on the uses that the water is to
satisfy and the quality of the water relative to the
minimum requirements established for those uses
or needs.

Water Quality Parameters
There are literally hundreds of parameters, or
indicators, available for measuring and describing
water quality; that is, the physical, chemical, and
biological characteristics of water. A list of these
parameters would include all of the physical and
chemical substances in solution or suspension in
water, all of the macroscopic and microscopic
organisms· in water, and the physical characteristics
of the water itself. Only a few of these hundreds
of parameters, however, are normally useful in
evaluating wastewater quality and natural surface
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water quality and in indicating pollution. Selected
parameters were employed in the Pike River water
shed planning program to evaluate surface water
quality by comparing it to supporting adopted
water use standards, which in turn relate to specific
water use objectives. These same parameters were
also used to describe the quality of point dis
charges and diffuse source runoff and to determine
the effect of those discharges on receiving streams.
These parameters are temperature, dissolved solids,
suspended solids, specific conductance, turbidity,
hydrogen ion concentration (pH), chloride, dis
solved oxygen, biochemical oxygen demand
(BOD), total and fecal coliform bacteria, phos
phorus and nitrogen forms, aquatic flora and
fauna, heavy metals, pesticides, and polychlori
nated biphenyls (PCB's).3

Wet and Dry Weather Conditions:
An Important Distinction
A distinction is drawn in this chapter between
instream water quality during dry weather (base
flow) conditions and during wet weather con
ditions. In general a water quality sample was
assumed to represent dry weather conditions if
0.10 inch or less of rainfall was recorded in the
24 hours prior to the time of sampling, assuming
that the p~ecise time of sampling is known, or if
such rainfall was recorded on the day of sampling
in those cases where the precise time of sampling
is not known. Some water samples satisfying the
general dry weather criteria were found not to
represent dry weather water quality because flow
was significantly higher than base flow at the
time of sampling. These higher flows probably
reflected delayed surface runoff from, and "inter
flow" discharge-from higher groundwater-to, the
stream caused by earlier precipitation events. There
fore, samples taken from these high flows were not
used in the dry weather water quality analysis.
Dry weather instream water quality is assumed to
reflect the quality of groundwater discharge to the
stream plus the continuous or intermittent dis
charge of various point sources; for example, indus
trial cooling or process waters and leakage and
discharge from sanitary or combined sewers. While

3For a more complete discussion of most of the
cited indicators, including their significance in eval
uating water quality, see Chapter V of SEWRPC
Technical Report No. 17, Water Quality of Lakes
and Streams in Southeastern Wisconsin: 1964-1975,
June 1978.
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instream water quality during wet weather condi
tions includes the above discharges, the dominant
influence, particularly during major rainfall or
snowmelt runoff events, is likely to be the soluble
and insoluble substances carried into the streams
by direct land surface runoff. That direct runoff
moves from the land surface to the surface waters
by overland routes, such as drainage swales and
street and highway ditches and gutters, or by the
underground storm sewer system and combined
sewer system.

Until recently, water quality sampling and monitor
ing were most often conducted in dry weather, low
flow periods such as might be expected in July,
August, and September. This practice reflects
a period in the development of the state of the
art of water quality control when continuous
and relatively uniform discharges from point
sources-primarily municipal sewage treatment
plant and industrial wastewater outfalls-were the
dominant sources of pollution addressed in pollu
tion abatement efforts. The impact of these kinds
of "point" sources of pollutants on stream water
quality was most critical when stream flows were
lowest. Accordingly, most of the available water
quality monitoring studies for the Pike River
watershed and, therefore, most of the data pre
sented in this chapter pertain to dry weather, low
flow conditions.

In the last decade, significant progress has been
made in the control of major point sources of
pollution. Consequently, substances carried into
the streams by land surface runoff during wet
weather conditions are becoming increasingly
important in terms of their impacts on water
quality. Wet weather conditions are likely to be as
critical in terms of adverse water quality conditions
as dry weather conditions are in the Pike River
watershed because of the absence of major point
sources of pollution. Therefore, every effort was
made to obtain and report wet weather instream
water quality conditions in the Pike River water
shed in order to present a balanced account of
all factors influencing instream water quality.

The frequency of wet weather conditions is
defined, for purposes of this chapter, as being
equal to the average number of days in a year on
which 0.10 inch or more of precipitation occurs.
An examination of daily rainfall data for the
watershed for the 37-year period from 1940
through 1976 indicates that there are an average
of 63 days per year during which 0.10 inch or
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more of precipitation may be expected. There
fore, wet weather conditions may be expected to
occur during about 17 percent of the days in any
given year.

WATER USE OBJECTIVES AND
SUPPORTING WATER QUALITY STANDARDS

This chapter includes an evaluation, based on field
studies, of historic water quality conditions in the
Pike River watershed. Chapter XIII of this report
uses simulation modeling to evaluate existing and
hypothetical future water quality conditions in the
surface waters of the watershed. Water use objec
tives and supporting water quality standards are
particularly relevant to these two chapters since
they provide a scale against which the historic,
existing, and probable future water quality of the
surface water system of the Pike River watershed
can be evaluated.

For purposes of the comparative water quality
analyses set forth in this chapter and in Chap
ter XIII, the water quality standards corresponding
to the "warmwaterfishery and aquatic life, recrea
tional use, and minimum standards" water use
objectives established under the areawide water
quality planning program for the Pike River system
in conformance with the national water quality
objectives cited in Public Law 92-500 have been
used (see Table 80 of this report). The standards
are intended to permit use of the surface waters
of the Pike River watershed for full body con
tact recreation and to support warm water fish
and aquatic life. The water use objectives and
supporting water quality standards set forth in
Table 80 specify a minimum dissolved oxygen
level; a maximum temperature, a fecal coliform
count level, a total residual chlorine level, an
ammonia nitrogen level, a total phosphorus level,
and a pH range. In addition, by explicit and
implicit reference to federal and other reports,4,5
the water use objectives and standards incorporate
recommended maximum or minimum levels for
other water quality parameters.

4 U. S. Environmental Protection Agency, Quality
Criteria for Water, EPA Report No. 440/9-76-003,
Washington, D. C., 1976.

5National Academy of Sciences, National Academy
of Engineering, Water Quality Criteria: 1972, EPA
Report No. R3-73-033, Washington, D. C., 1974.

Although the final watershed plan may recommend
stream water use objectives different from the
federally mandated "fishable-swimmable" stream
water use objectives in the Pike River watershed, it
was deemed appropriate to use the federal objec
tives and corresponding standards as a point of
departure and a basis for evaluating the surface
water quality conditions in the Pike River water
shed. The comparative analyses set forth herein
and in Chapter XIII are intended to provide the
information needed to determine if the "fishable
swimmable" water use objectives are, as a practical
matter, achievable and, if not, to recommend the
establishment of a reasonable lesser set of water
use objectives and supporting standards.

Historically, water quality standards were devel
oped for application to specified periods of low
flow, such as seven day-10 year low flow condi
tions, in order to determine the effects of point
sources. Under this historic approach it was
assumed that diffuse sources of pollution had an
insignificant effect on water quality conditions and
that the worst water quality conditions occurred
during periods of low flow. More recent studies,
including those conducted by the Commission
under its areawide water quality management
planning program, however, indicate that the water
quality standards may be violated during periods of
high flow as well as during periods of low flow,
particularly during rainfall events following long
periods of dry weather during which a buildup of
pollutants takes place on the land surface. This
finding requires a new approach to the application
of water quality standards, an approach which
considers the assessment of the proportion of the
total time that water quality conditions can be
expected to be in compliance with specified stan
dards. Under this approach, statistical analyses were
conducted on the results of the continuous water
quality simulation modeling to determine the per
cent of time a given standard may be expected
to be exceeded during periods of high and mod
erate flows as well as during periods of low flow.
A 95 percent compliance level was selected for
those parameters which directly affect the survival
of aquatic organisms-dissolved oxygen. tempera
ture, ammonia nitrogen, residual chlorine, and pH.
A 90 percent compliance level was selected for
those parameters-phosphorus and fecal coliform
which do not directly affect aquatic organisms, but
are important indirect factors and are primarily
related to recreational use. The analyses indicated
that if these compliance levels were met during
periods other than extreme low flow conditions,
the duration of a violation could be expected to
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be relatively short and the intensity of a violation
could be expected to be relatively low, and, there
fore, desirable forms of aquatic life should not be
adversely affected. This probabalistic approach to
water quality standards interpretation was consid
ered to be a supplement to the currently practiced
method of evaluating the achievement of standards
for low flow conditions which approximate the
seven-day average, one-in-10 year recurrence inter
val low flow.

Ideally, a comparative analysis between observed
surface water quality and established water quality
standards should be done with full knowledge
of concurrent hydrologic conditions since the
water quality standards are not intended to be
satisfied under all streamflow conditions. As noted
above, surface water quality should satisfy the
standards for specified percentages of time. Unfor
tunately, available historic water quality data
are not sufficient to determine whether such
percentages have been met. Therefore, the stan
dards were applied to all available water quality
samples for comparative purposes.

In carrying out the comparative analysis, the water
quality at a sampling site was considered substan
dard for a given parameter if any of the water
quality samples were analyzed as either above or
below specified limits. That is, water quality was
assessed on the basis of individual determinations
made for each parameter as opposed to using
values averaged over a day or period of days.

A precise comparison of observed fecal coliform
bacteria concentrations to the specified standards
could not be made because of the manner in which
the standards are defined. For example, the state
established fecal coliform bacteria standard states
that the fecal coliform count shall not exceed
a monthly geometric mean of 200 colonies per
100 milliliters (ml) in more than 10 percent of
all samples during the month. Inasmuch as the
various water quality studies which have been
carried out in the watershed did not always include
the requisite number of samples taken over a one
month period, the fecal coliform bacteria standard
was assumed to be violated during a particular
survey at a location if any of the fecal coliform
counts obtained at that location exceeded 400
colonies per 100 m!.

Standards have been recommended by the U. S.
Environmental Protection Agency (EPA) for heavy
metals, polychlorinated biphenyls (PCB's), and
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pesticides but have not, as yet, been adopted by
the federal or state governments. These recom
mended standards are presented later in this chap
ter in conjunction with presentation of the limited
data available for the Pike River watershed regard
ing heavy metals, PCB's, and pesticides.

SURFACE WATER QUALITY
STUDIES: PRESENTATION AND
INTERPRETATION OF DATA

A variety of data sources, based primarily on field
studies and dating back to 1908, are available for
use in assessing the historic and existing water
quality in the surface waters of the Pike River
watershed. Each of the sources used in the water
shed study is cited and briefly described below in
chronological order according to the initiation date
of the investigation. Information about each of the
water quality studies used in this chapter along
with selected water quality data from these sources
is set forth in Table 36, and sampling station loca
tions are shown on Map 33. From these water
quality data conclusions are drawn as to the nature
and, to the extent possible, the cause of surface
water pollution in the Pike River watershed. An
understanding of the nature and probable causes
of surface water pollution is basic to developing
achievable water quality objectives and alternative
pollution abatement plan elements.

Some of the data and information presented herein
are based on studies conducted up to 25 years ago.
These data are presented to demonstrate that some
of the types of pollution problems now evident in
the watershed are not of recent origin, but have
existed for decades. The conclusions drawn on cur
rent water quality conditions, however, are based
primarily on data obtained over the past decade.

Wisconsin Department of Natural Resources
Basin Surveys: 1955, 1966-67, and 1976
As part of a statewide water quality monitoring
program, the Wisconsin Department of Natural
Resources and its predecessor agencies have con
ducted three basin surveys that have included the
Pike River, Sorenson Creek, Waxdale Creek, and
Somers Branch of the Pike River. The purpose of
the surveys was to identify the major point sources
of pollution and to determine the effects of these
sources on the quality of receiving waterways. The
survey findings are documented in the following
reports of the Wisconsin Department of Natural
Resources (DNR) and its predecessor agencies:



Table 36

SUMMARY OF WATER QUALITY SAMPLING IN THE PIKE RIVER WATERSHED: 1954 TO 1976

Number Sampling Biochemical Soluble
Data Streams of Time, Period, Suspended Specific Oxygen Dissolved Nitrite Nitrate Ammonia Organic Total Dissolved Reactive

Source Documentation Date Sampled Stations Frequency Temperature Sediment Conductance Demand Oxygen Nitrogen Nitrogen Nitrogen Nitrogen Nitrogen Phosphorus Phosphorus

Wisconsin Fox fill.!. 1954 Somers Branch Two visits in X X X
Department Des Plaines and of Pike Creek September
of Natural Root River of Pike River and October
Resources Drainage Basin Watershed

2.3,and4
Stream Pollution-
January 28. 1955

Wisconsin Report on an November Pike River 22 2 to 5 visits X X X
Department Investigation 22.1967 Main Stem July through
of Natural of the October 1967
Resources Pollution in the Waxdale Creek 2 to 5 visits X X X

l
Des Plaines and July through
Pike Basin Made October 1967
During 1966 Pike Creek 2 to 5 visits X X X
and 1967 July through

October 1967
Somers Branch 2 to 5 visits X X X

JUly through
October 1967

Wisconsin A Drainage November Pike River 22 3 visits June, X X X
Department Basin Report 1976 Main Stem August,
of Natural November 1976 October 1973
Resources Somers 3 visits June, X X X

Tributary July, October,
November 1973

Waxdale Creek 3 to 4 visits X X X
June, August,
October 1973

Pike Creek 3 visits X X X
June, July,
October 1973

Sorenson 3 visits X X X
Creek June, JUly,

October
Tributary to 3 visits X X X

South Branch June, July
Pike River October
(tributary to
Pike Creek)

Somers Branch 3 visits X X X
June, JUly,
October

SEWRPC SEWRPC Water 1964 Pike River January 30, 1964 X X X X X X X X X
Quality Studies: Main Stem through
1964-1965 and August 20, 1975
1968-1976 Pike Creek February 19, 1964 X X X X X X X X X

through
August 20, 1975

Wisconsin Wisconsin 1978 Pike Creek June 6, 1973
Department Department through
of Natural of Natural October 23, 1973
Resources Resources Pike River October 30, 1973

Drainage·.Basin Pike River June 13, 1973
Surveys of through
TOXic and October 3D, 1973
Hazardous Pike Creek June 5,1973
Substance through
1975-1976 November 6, 1973

Pike River July 30, 1973
through
October 30,1973

Pike River June 12, 1973
Waxdale Creek June 13, 1973

through
October-29,1973

SEWRPC Index Site 1976 Pike River 34 Samples X X X X X X X X X X X
Water Quality Main Stem September 6,1976D,,,, through

October 7, 1976

Wisconsin Report on an November Pike River October 29,1966
Department tnvestigation of 22,1967 Pike Creek October 25, 1966
of Natural the Des Plaines Somers Branch October 25, 1966
Resources and Pike River

Basin Made
During 1966
and 1967

Wisconsin A Drainage November Pike River One sample at
Department Basin Report 1976 each location
of Natural November 1976 December 11, 1973
Resources or December 13, 1973

Sturtevant December 11, 1973
Tributary
(Waxdale Creek
tributaryl

Pike Creek November 30,1973
Somers Tributary November 30,1973
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Table 36 (continued)

Number Sampling Total
Data Streams of Time, Period, Total Phosphate Dissolved Fecal Bottom

Source Documentation Date Sampled Stations Frequency Phosphorus Phosphorus Chloride Solids Coliform Coliform pH Organisms Turbidity Cadm;u" Chromium Copper Lead Mercury

Wisconsin Fox (III.>. 1954 Somers Branch Two visits in X X X
Department Des Plaines and of Pike Creek September
of Natural Root River of Pike River and October
Resources Drainage Basin Watershed

2,3. and 4
Stream Pollution-
January 28. 1955

Wisconsin Report on an November Pike River 22 2to 5 visits X X
Department Investigation 22.1967 Main Stem July through
of Natural of the October 1967
Resources Pollution in the Waxdale Creek 2to 5 ...151t5 X X

Des Plaines and July through
Pike Basin Made October 1967
During 1966 Pike Creek 2to 5 visits X X
and 1967 July through

October 1967
Somers Branch 2to 5 visits X X

Ju Iy through
October 1967

Wisconsin A Drainage November Pike River 22 3 visits June, X X
Department Basin Report 1916 Main Stem August,
of Natural November 1976 October 1973
Resources Somers 3 visits June, X X

Tributary July, October,
November 1973

Waxdale Creek 3 to 4 visit X X
June, August,
October 1973

Pike Creek 3 visits X X
June, July,
October 1973

Sorenson 3 visits X X

Creek June, July,
October

Tributary to 3 visits X X
South Branch June,July
Pike River October
(tributary to
Pike Creek)

Somers Branch 3 visits X X
June, July,
October

SEWRPC SEWRPC Water '96' Pike River January 30, 1964 X X X X X
Quality Studies: Main Stem through
1964·1965 and August 20,1975
1968-'976 Pike Creek February 19, 1964 X X X X X

through
August 20,1975

Wisconsin Wisconsin 1978 Pike Creek June 6,1973 X X X X X

Department Department through
of Natural of Natural October 23, 1973
Resources Resources Pike River October 30, 1973 X X X X X

Drainage Basin Pike River June 13, 1973 X X X X X

Surveys of through
Toxic and October 30, 1973
Hazardous Pike Creek June 5, 1973
Substance through
1975-1976 November 6, 1973

Pike River July 30, 1973
through
October 30,1973

Pike River June 12, 1973
Waxdale Creek June 13, 1973

through
October 29, 1973

SEWRPC Index Site 1976 Pike River 34 Samples X
Water Quality Main Stem September 6,1976
Data through

October 7, 1976

Wisconsin Report on an November Pike River October 29,1966 X
Department Investigation of 22,1967 Pike Creek October 25,1966 X
of Natural the Des Plaines Somers Branch October 25, 1966 X
Resources and Pike River

Basin Made
During 1966
and 1967

Wisconsin A Drainage November Pike River One sample at X

Department Basin Report 1976 each location
of Natural November 1976 December 11, 1973
Resources or December 13, 1973

Sturtevant December 11, 1973 X

Tributary
(Waxdale Creek
tributary)

Pike Creek November 30, 1973 X

Somers Tributary November 30, 1973 X
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Table 36 (continued)

Number Sampling
Data Streams of Time, Period, Heptachlor

Source Documentation Date Sampled Stations Frequency Nickel Zinc PCB DDT ODE 000 Aldrin Heptachlor Epoxide Lindane Dieldrin Methoxychlo Phthalate Atrazine Simazine

Wisconsin Fox WU, 1954 Somers Branch Two visits in
Department Des Plaines and of Pike Creek September
of Natural Root River of Pike River and October
Resources Drainage Basin Watershed

2,3,and4
Stream Pollution-
January 28, 1955

Wisconsin Report on an November Pike River 22 2 to 5 visits
Department Investigation 22,1967 Main Stem July through
of Natural of the October 1967
Resources Pollution in the Waxdale Creek 2 to 5 visits

Des Plaines and July through
Pike Basin Made October 1967
During 1966 Pike Creek 2 to 5 visits
and 1967 July through

October 1967
Somers Branch 2 to 5 visits

July through
October 1967

Wisconsin A Drainage November Pike River 22 3 visits June,
Department Basin Report 1976 Main Stem August,
of Natural November 1976 October 1973
Resources Somers 3 visits June,

Tributary July, October,
November 1973

Waxdale Creek 3 to 4 visits
June, August,
October 1973

Pike Creek 3 visits
June, July,
October 1973

Sorenson 3 visits
Creek June, July,

October
Tributary to 3 visits

South Branch June, July
Pike River October
(tributary to
Pike Creek)

Somers Branch 3 visits
June,July,
October

SEWRPC SEWRPC Water 1964 Pike River January 30, 1964
Quality Studies: Main Stem through
1964-1965 and August 20, 1975
1968-1976 Pike Creek February 19, 1964

through
August 20, 1975

Wisconsin Wisconsin 1978 Pike Creek June 6,1973 X X X
Department Department through
of Natural of Natural October 23,1973
Resources Resources Pike River October 30,1973 X X X

Drainage Basin Pike River June 13, 1973 X X X
Surveys of through
Toxic and October 30,1973
Hazardous Pike Creek June 5, 1973 X X X X X X X X X
Substance through
1975-1976 November 6,1973

Pike River July 30, 1973 X X X X X X X X X X
through
October 30,1973

Pike River June 12, 1973 X X X X X X X X X X
Waxdale Creek June 13, 1973 X X X X X X X X X X

through
October 29,1973

SEWRPC Index Site 1976 Pike River 34 Samples
Water Quality Main Stem September 6,1976
Data through

October 7, 1976

Wisconsin Report on an November Pike River October 29, 1966
Department Investigation of 22,1967 Pike Creek October 25, 1966
of Natural the Des Plaines Somers Branch October 25, 1966
Resources and Pike River

Basin Made
During 1966
and 1967

Wisconsin A Drainage November Pike River One sample
Department Basin Report 1976 each location
of Natural November 1976 December 11,1973
Resources or December 13, 1973

Sturtevant December 11, 1973
Tributary
(Waxdale Creek
tributary)

Pike Creek November 30, 1973
Somers Tributary November 30, 1973

Source: SEWRPC.
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Map 33 I
STREAM WATER QUALITY SAMPLING STATIONS IN THE PIKE RIVER WATERSHED
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L Fox (Ill.), Des Plaines and Root River Drain
age Basins 2, 3, and 4: Stream Pollution,
January 28, 1955.

2. Report on an Investigation of the Pollution
in the Des Plaines and Pike Basin Made
During 1966 and 1967. Division of Resource
Development, November 22, 1967.

3. Southeastern Wisconsin River Basin-A Drain
age Basin Report, Division of Environmental
Standards, November 1976.

\

Findings of the 1955 Basin Survey: Limited chemi
cal water quality sample data is presented in the
1955 Basin Survey. Two samples were taken at
a location on the Somers Branch of Pike Creek· at
County Trunk Highway (CTH) EA. These samples
were taken during dry weather conditions, and
indicated satisfactory dissolved oxygen levels.
Some biological sampling was conducted on the
lower reaches of the Pike River at locations about
200 yards above the upper Alford Drive bridge and
about 600 yards above the lower Alford Drive
bridge in the City of Kenosha. The samples were
taken during low flow conditions with stagnant
water on both sites of the bridges concerned. The
study showed that 16 organisms per square foot of
a tolerant variety were found at the upper Alford
Drive site, and no organisms were found at the
lower Alford Drive sample site. The report rated
the upper location as semi-polluted and the lower
location as polluted.

Findings of the 1966-1967 Basin Survey: Table 37
displays the water quality results of sample data
obtained for the 1966-67 Basin Survey. The sample
data indicates that dissolved oxygen characteristics
are extremely variable. The variable results may be
largely attributed to temporal and spatial variations
in stream flow, channel geometry, water tempera
ture, and cloud cover in the watershed. Flow con
ditions in the watershed can range from warm
stagnant water during dry weather to full channel
flow conditions during cold wet weather, resulting
in a wide range of hydraulic conditions and oxygen
saturation levels that vary the aeration rate of the
stream system, causing seemingly inconsistent dis
solved oxygen sample results. Dissolved oxygen
levels are generally high during cold or wet weather
conditions on the main stem and lower during dry
weather conditions. Temporal and spatial varia
tions in cloud cover affect the rate of photosyn
thesis by aquatic plants and consequently the rate
of oxygen production by these plants. Large, rapid

changes in dissolved oxygen concentrations can be
caused solely by changes in cloud cover which
affect the rate of photosynthesis. Pike Creek dis
solved oxygen levels were on the average above
standard over the record period. Tributaries to
the Pike River and Pike Creek showed consistently
low dissolved oxygen levels. High total coliform
counts-in excess of 10,000,000 colonies per 100
milliliters (ml)-were observed on two or more
sampling days and at five sample locations through
out the watershed. The high total coliform counts
found .suggest that the fecal coliform level of
400 colonies per 100 ml was probably exceeded
in many samples. Table 37 indicates that the
standards for temperature and pH presented in
Table 80 generally were not violated during this
sample period.

Biological samples collected on the Pike River and
its tributaries (see Table 38) indicate some pollu
tion intolerant benthic community development
at three locations in the watershed. A trace of
intolerant benthic organisms indicating desirable
water quality conditions was found at State Trunk
Highway (STH) 20 and at 13th Avenue below the
Kenosha Country Club on the main stem of the
Pike River and at CTH E on Pike Creek. Two of
these sites-STH 20 and CTH E-have no known
upstream point sources of pollution and a poten
tial local aeration exists through riffle currents
upstream from the sampling sites. Point sources
of pollution exist upstream from the 13th Avenue
site. These sources are, however, located a substan
tial distance from the sampling site and a poten
tial aeration exists. Benthic organisms very toler
ant of polluted conditions were found at all
locations where samples were taken and were the
only species found at STH 31 on Pike Creek and
STH 31 on the Pike River. These two locations
were described as having odorous slime growth on
bottom materials. Two locations, one at CTH EA
and one about 100 feet below the Petrifying
Springs Lagoon were not sampled for benthic
organisms, however the sites were described as
having stagnant water conditions with odorous
sludge accumulations and slime.

Findings of the 1976 Basin Report: Table 39
displays the water quality data obtained in the
1976 Basin Report. The sample data indicate that
the dissolved oxygen levels, while variable, were
generally above the minimum dissolved oxygen
standard of 5 milligrams per liter (mg/l). One
sample taken at each of two sites on the Pike
River-above Petrifying Springs Park and at the
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Table 37

SUMMARY OF WATER QUALITY DATA FOR THE PIKE RIVER WATERSHED FROM THE
WISCONSIN DEPARTMENT OF NATURAL RESOURCES BASIN SURVEY: 1966-1967

Concurrent and Antecedent
Moisture Conditions as Indicated

Water Quality Indicators by Precipitation Observations

Total Daily Precipitation in Inches Characterization of

Sampling Station
Biochemical Coliform

On Before Day 2 Sampling Conditions
pH Dissolved Oxygen Count

River Temperature (standard Oxygen Demand (MFCC per
Day 1 and Sampling

We~~erb
W"

Stream Location Mile Oatea lOCI units) (mg/ll (mg/ll 100mO Weather

Pike Highway 20 bridge 14.7 July 6. 1966 27.5 8.1 11.4 2.7 40,000 0.0 0.0 X

River August 4.1966 19.0 7.5 2.2 4.6 35,000 0.0 0.0 X

October 18. 1966 9.0 7.8 4.6 9.5 1,600,000 0.0 0.0 X

October 25, 1966 8.0 8.1 7.5 9.5 90,000 0.06 0.16 X

February 23, 1967 0.0 7.4 8.3 1.2 48,000 0.0 0.03 X

Railroad bridge north 13.5 November 17, 1966 12.5 8.4 15.1 7.1 100.000 0.0 0.0 X

of Highway 11

Highway 11 bridge 13.1 July 6, 1966 27.5 8.0 6.3 39.8 11,000,000 0.0 0.0 X

August 4,1966 24 7.6 1.0 12.3 2,700,000 0.0 0.0 X

October 18, 1966 14 7.7 2.5 43.0 14,000,000 0.0 0.0 X

October 25, 1966 15 8.4 10.3 >45.7 3,000,000 0.06 0.16 X

February 23, 1967 0 7.6 6.9 14.6 700,000 0.0 0.03 X

Chicory Road bridge 12.0 July 6, 1966 25 8.2 11.1 22.9 4,100,000 0.0 0.0 X

August 4,1966 23 7.6 1.1 3.5 2,600,000 0.0 0.0 X

Highway 31 bridge 10.25 July 6, 1966 25 7.5 0.7 41.3 3,100,000 0.0 0.0 X

abOve Petrifying August 4,1966 19 7.6 2.1 4.0 180,000 0.0 0.0 X

Springs Park October 25,1966 10 8.1 11.1 11.1 320,000 0.06 0.16 X

February 22, 1967 0 7.5 6.1 21.4 380,000 0.0 0.0 X

CTH A bridge at 9.5 July 6, 1966 25 7.5 0.4 10.8 10,000 0.0 0.0 X

inlet to Petrifying August 4,1966 19.5 7.6 1.7 4.9 170,000 0.0 0.0 X

Springs Park October 25, 1966 9 7.7 3.3 12.9 360,000 0.07 0.12 X

February 22, 1967 0 7.6 6.8 19.8 20,000 0.0 0.0 X

Petrifying Springs 9.0 July 6, 1966 26 7.4 0.0 108.0 170,000 0.0 0.0 X

Park lagoon outlet August 4,1966 20 7.6 7.2 3.1 70,000 0.0 0.0 X

October 25, 1966 11 7.6 14.0 17.8 50.000 0.07 0.12 X

CTH A below 6.95 July 6, 1966 27 7.8 0.0 67.9 320,000 0.0 0.0 X

Petrifying August 4,1966 20.5 7.8 7.2 3.8 60,000 0.0 0.0 X

S~rings Park October 25, 1966 12 8.2 14.0 1.8 10,000 0.07 0.12 X

13th Avenue 4.75 July 6, 1966 27 8.4 10.8 3.0 6,000 0.0 0.0 X

below Kenosha August 4,1966 20 7.8 6.8 2.0 20,000 0.0 0.0 X
CountT)! Club October 25. 1966 12 8.5 16.0 1.5 10,000 0.07 0.12 X

February 22, 1967 0 7.5 4.35 1.8 20,000 0.0 0.0 X

Highway 32 at 1.7 July 6, 1966 26 8.3 2.7 3.0 13,000 0.0 0.0 X

Alford Park Drive August 4,1966 21 7.6 0.2 5.5 400,000 0.0 0.0 X
and Sheridan Road October 25,1966 9 7.4 8.1 0.9 <10,000 0.07 0.12 X

intersection February 22, 1967 0 7.5 3.55 1.9 30,000 0.0 0.0 X

Highway 32 at Alford 0.1 Jul)! 6, 1966 27 7.8 2.8 5.9 30,000 0.0 0.0 X

Park Drive above lake August 4,1966 23 7.4 1.7 4.6 29,000 0.0 0.0 X

Braun Road bridge-were slightly below standard.
Low dissolved oxygen levels were also found in
Pike Creek, Waxdale Creek, and the Somers Branch
of Pike Creek. High fecal coliform counts in excess
of 5,000 colonies per 100 ml were found in
upstream reaches of the Pike River and in Pike
Creek and Waxdale Creek. The sample data indi
cate that generally excessive levels of fecal coliform
bacteria existed throughout the stream system of
the watershed, with the possible exception of
the downstream reaches of the Pike River near
Kenosha, where levels appear to be within the
limits of the standard. Table 39 indicates that tem-
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perature and pH levels were not a problem during
the sample period. Only one sample, recording
a pH of 9.1, on Waxdale Creek was found to
exceed the pH standard.

Biological samples collected on the Pike River and
its tributaries indicated traces of intolerant benthic
community development at three locations in the
watershed (see Table 40). Pollution intolerant ben
thic organisms were found to exist on the Pike
River downstream of the confluence with Pike
Creek, and at two sites on Pike Creek above and
below the confluence with Somers Branch. Benthic



Table 37 (continued)

Concurrent and Antecedent

Moisture Conditions as Indicated
Water QualitY Indicators by Precipitation Observations

Total Daily Precipitation in Inches Characterization of
Sampling Station Biochemical Coliform

On Before Day 2 Sampling Conditions
pH Dissolved Oxygen Count

Day 1 and Sampling
River Temperature (standard Oxygen Demand (MFCC per

we~;:erb
Wet

Stream Location Mile Date8 (DCl units) (mg/I) (mg/l) 100 mil Weather

Waxdale Sewage treatment 0.7 July 6, 1966 21 43.4 0.0 0.0 X
Creek plant at outfall August 4, 1966 21 7.6 13.1 0.0 0.0 X

October 12, 1966 15 7.6 54.5 0.0 0.0 X

October 18, 1966 7.55 43.1 0.0 0.0 X

February 23, 1967 7.6 73 0.0 0.03 X

Above S. C. Johnson & 0.5+ October 12, 1966 16 7.8 4.6 43.9 81,000,000 0.0 0.0 X
Son, Inc" outfall October 18, 1966 14 7.8 4.2 42.2 80,000,000 0.0 0.0 X

Willow Road 0.3 July 6, 1966 27 7.5 0.8 65.2 14,000,000 0.0 0.0 X

August 4, 1966 25 7.5 2.4 20.7 27,000,000 0.0 0.0 X

October 12, 1966 19 7.6 1.1 93 18,000,000 0.0 0.0 X

October 18, 1966 17.5 7.7 2.5 88.6 16,000,000 0.0 0.0 X

February 23, 1967 5 7.6 3.8 2.14 7,100,000 0.0 0.03 X

Pike CTH E above 2.1 August 3, 1966 21 7.8 7.5 2.0 100,000 0.0 0.0 X
Creek Somers Branch October 25, 1966 8 7.5 1.0 4.0 3,000 0.07 0.12 X

Highway 31 0.1 July 6, 1966 26 7.8 3.2 5.8 40,000 0.0 0.0 X

bridge below August 3, 1966 21 8.0 9.0 1.8 110,000 0.0 0,0 X
Somers Branch October 25,1966 9 7.6 2.9 35.6 690,000 0.07 0.12 X

February 22, 1967 0 7.4 7.05 0.9 500 0.0 0.0 X

Somers Above Sewage 1.6+ July 6, 1966 30 4.3 0.0 2,690 110,000 0.0 0.0 X
Branch Treatment Plant August 3, 1966 28 6.4 0.0 264 120,000,000 0.0 0.0 X

Outfall September 12, 1966 24 6.8 0.0 581 39,000,000 0.0 0.0 X

CTH EA bridge 1.0 July 6, 1966 27 7.0 0.0 690,000,000 0.0 0.0 X

August 3, 1966 21.5 7.8 2.3 33,000,000 0.0 0.0 X

September 12, 1966 20.5 8.1 2.5 2,700,000 0.0 0.0 X

October 25, 1966 11 7.8 0.0 2,000,000 0.07 0.12 X

February 22, 1967 0 7.2 7.15 1,300,000 0.0 0.0 X

aSampfing time not available.

bpreciPitation of 0.10 inch or less on day of sampling.

Source: Wisconsin Deparrment of Natural Resources.

organisms very tolerant of polluted conditions
were found at all sample locations and were the
only benthic organisms found at the Braun Road
bridge and at STH 31, both on the main stem of
the Pike River. These two locationsc were described
as grossly polluted.

SEWRPC Water Quality Study: 1964-1965
During the 14-month period extending from Janu
ary 1964 through February of 1965, the Commis
sion conducted an extensive stream water quality
sampling program during which almost 4,000 water
samples were collected at 87 sampling stations
established in 43 streams in the Region. Under this
program, samples were taken at four sampling
station locations in the Pike River watershed
the Pike River at STH 31, the Pike River at
STH 32, Pike Creek at 81th Street and Pike Creek
at STH 31-the sampling stations being identi
fied as Pk-1, Pk-4, Pk-2, and Pk-3, respectively.
Stream water samples were taken under dry
weather conditions on a monthly basis at these

stations from April of 1964 to February of 1965
and were analyzed for selected chemical, physical,
and biological characteristics in order to determine
the then-existing condition of stream water quality
in relation to pollution sources, land use, and popu
lation distribution and concentration. The study
procedure and results are described in SEWRPC
Technical Report No.4, Water Quality and Flow
of Streams in Southeastern Wisconsin: 1966.

Findings of the Study: Table 41 presents asynop
sis of dry wea,ther water quality conditions in the
Pike River and Pike Creek, as determined by the
1964 and 1965 sampling. Survey results for dis
solved oxygen, temperature, total coliform bacteria,
pH, specific conductance and chloride, as set forth
in Table 41 are discussed below.

Dissolved Oxygen: During the sampling period, the
dissolved oxygen levels in the watershed were
found to range from 0.1 to 13.2 milligrams per
liter (mg/l), with the average values for the Pike
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Table 38

BENTHIC ORGANISM DATA FROM THE WISCONSIN
DEPARTMENT OF NATURAL RESOURCES BASIN SURVEY: 1967

Benthic Invertebrate Organisms

Intolerant Tolerant Very Tolerant

Number Number Number

Station River Waste Bottom of Total of Total of Total

Stream Location Mile D,te Source Type Current Species Population Species Population Species Population Remarks

Pike Highway 20 bridge 1.6 miles 12.4 10/25/1966 None known Rock, Riffle 520 1,815 Black odorous sludge

River above Sturtevant Tributary Gravel, and slimes noted

(Waxdale Creek) and above Sand immediately below

Town of Mt. Pleasant outfall tile

outfall tile
55 Slimes and algae onHighway 11,0.2 mile below 10.6 10/25/1966 Sturtevant STP and Rock and Riffle

S. C.Johnson & Son, Inc. Gravel rocks. BottomSturtevant Tributary
material black(WaxdaleCreek)
and odorous

Highway 31, 3.0 mites below 7.8 10/25/1966 Sturtevant STP and Gravel Riffle 315 Slimes and algae on
rocks. BottomSturtevant Tributary S. C. Johnson & Son, Inc.
material black(Waxdale Creek)
and odorous

100 feet below Petrifying 6.5 10/25/1966 Skokie Canning Company, Large Riffle .., Bottom material black

Springs Lagoon outlet SomersSTP, Rocks and odorous. Slimes
and filamentous algaebelow confluence with Sturtevant STP, and
on rocks. DuckweedPike Creek S. C. Johnson & Son, tnc.
heavy

1.2 miles below 5.3 10/25/1966 Skokie Canning Company, Gravel Riffle 827 718
Petrifying Springs Park Somers STP,

Sturtevant STP, and
S. C. Johnson & Son, Inc.

Algae and13th Avenue below 4.3 10/25/1966 Skokie Canning Company, Rock, Riffle 14 160 120
Kenosha Country Club SomersSTP, Sand, duckweed noted

Sturtevant STP, and Gravel
S. C. Johnson & Son, Inc.

Highway 32 at Alford Park 1.6 10/25/1966 Skokie Canning Company, Rock Riffle 100 17.
Drive and Sheridan Road Somers STP, ,nd

Sturtevant STP, and Gravel
S. C. Johnson & Son, Inc.

Pike CTH E above 10/25/1966 None Known Rock and Slow 84 318 62
Creek Somers Branch Gravel

Slime growths andHighway 31-below 0.1 10/25/1966 Skokie Canning Company Gravel Riffle 217
Somers Branch and SOmers STP dead minnows

noted. Bottom
materials odorous

Somers CTH EA 0.6 mile below 1.0 10/25/1966 Skokie Canning Company Sludge Slow .., Almost no flow.

Branch Skokie Canning Company and Somers STP Odorous sludge
accumulations andand Somers STP
slime noted

NOTE: STP is abbreviation for sewage treatmtmtplant.

aNo sample was taken at this site.

Source: Wisconsin Department of Natural Resources and SEWRPC.

River and Pike Creek being 5.3 and 6.0 mg/l,
respectively. Although the average concentration
of dissolved oxygen was 5.3 mg/l for the Pike
River, several instances of substandard levels were
noted at the two sampling stations on the Pike
River. At station Pk·1, the concentration of
dissolved oxygen was below 5 mg/l for 10 of the
13 samples. Since the nearest sanitary wastewater
discharge was located 5.0 miles upstream from
sampling station Pk·1, as indicated on Map 34,
a more likely source for oxygen depleting sub
stances may have been runoff from the agricultural
land which then comprised 76 percent of the land
use in the watershed. Samples taken at Station
Pk-4, located on the Pike River downstream from
Pk-1 and Pike Creek, exhibited substandard levels
of dissolved oxygen in five of 14 samples, twice
during late summer and three times during the
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months of January and February. The concentra
tion of dissolved oxygen was found to be higher
than at Pk-1 for all sampling surveys. The distance
between sampling stations Pk-1 and Pk-4 was
8.1 miles and, apparently, the absence of any sig
nificant sanitary sewage and industrial waste dis
charges between these two locations allowed the
stream to reestablish its dissolved oxygen content
to some extent, as indicated by the apparent
increased dissolved oxygen concentrations at Pk-4.

Pike Creek, which joins the Pike River about one
half mile downstream from Pk-1, had two sampling
stations, one located upstream at CTH L and one
downstream at STH 31 from the Somers Branch
tributary to Pike Creek. The tributary carries
effluent from the sewage treatment plant oper
ated by the Town of Somers Utility District No. 1.



Table 39

SUMMARY OF WATER QUALITY DATA FOR THE PIKE RIVER WATERSHED FROM
THE WISCONSIN DEPAf:tTMENT OF NATURAL RESOURCES BASIN SURVEY: 1976

Concurrent and Antecedent
Moisture Conditions as Indicated

Water QualitY Indicators by Precipitation Observations

Fecal Daily Precipitation in Inches
Characterization of

Sampling Station Coliform Biochemical
On Before Day 2 Sampling ConditionsDisso'ived pH Count Oxygen

Aiver Temperature Oxygen (standard (MFFCCper Demand
Day 1 and Sampling

0", b Wet
Stream location Mile DateS Flow DC (mgm units) l00ml) (mgll) Weather Weather

Pike River 10 feet below 14.7 June 7, 1973 0.6 17 8.1 .00 2.8 0.0 0.52 X
8TH 20 bridge August 2, 1973 0.7 11 10.4 8.0 180 5.2 0.0 0.0 X

October 29.1973 0.9 8 12.8 8.2 16,000 1.5 0.0 0.0 X

N-S Road, East of 14.3 August 2, 1973 0.7 19 16~O 8.2 150 1.2 0.0 0.0 X
Case High School October 29. 1973 1.8 9 7.8 7.9 8.900 '.6 0.0 0.0 X

November 6, 1973 0.7 1 14.0 8.2 810 1.5 0.0 0.0 X

Near Oaks & Son 13.8 June 7, 1973 8.4 17 14.3 8.1 6.800 5:7 0.0 0.52 X
Contractor August 2, 1973 2.9 22 16.2 8.6 350 0.9 0.0 0.0 X

October 29, 1973 1.9 13 10.1 8.0 14,000 '.3 0.0 0.0 X

STH 11 bridge 13.1 June 7,1973 21.6 18 9,8 8.1 800 18.0 0.0 0.52 X
August " 1973 10.8 22 8.6 8.0 140 '.3 0.07 0.0 X
October 29,1973 10.0 13 7.6 8.' 3.900 >25.0 0.0 0.0 X

At Braun Road bridge 12.0 June 1" 1973 17.9 25 15.0 8.5 550 2.5 0.0 0.0 X
August " 1973 11.7 21 12.4 8.' 1,200 3.4 0.07 0.0 X
October 30, 1973 8.0 15 4.6 8.2 100 5.5 0.0 0.0 X

Near STH 31 bridge 10.25 June 12, 1973 30.2 25 13.6 8.5 600 < 0.3 0.0 0.0 X
August " 1973 12.9 20 7.2 7.8 300 1.8 0.07 0.0 X
October 30, 1973 9.3 15 5.0 7.8 6,300 > 2.' 0.0 0.0 X

Northwest entrance 9.5 June 12, 1973 20.7 21 6.2 7.9 3,900 3.3 0.0 0.0 X
to Petrifying August " 1973 16.1 21 '.7 8.2 '50 3.1 0.0 0.0 X
Springs Park October 30, 1973 22.6 13 5.0 7.8 1,100 > 25.0 0.03 0.0 X

Near concessions 8.9 June 12, 1973 33.0 23 5.8 7.9 920 5.8 0.0 0.0 X
at Petrifying August " 1973 9.8 20 7.0 7.8 120 3.' 0.0 0.0 X
Springs Park October 30, 1973 18.9 13 7.0 7.6 1,600 > 25.0 0.03 0.0 X

AtCTH A 6.95 June 12, 1973 13.7 2. 6.' 8.' 500 '.5 0.0 0.0 X
July 3D, 1973 8.6 19 9.5 8.3 360 2.1 0.0 0.0 X
October 30, 1973 13.5 12 7.' 7.8 250 > 25.0 0.03 0.0 X

At 13th Avenue bridge 4.75 June 12, 1973 14.9 25 7.8 8.4 270 3.3 0.0 0.0 X
July 30, 1973 13.1 26 11.6 8.2 520 1.5 0.0 0.11 X
October 30, 1973 12.5 12 12.0 8.0 70 14.0 0.03 0.0 X

At STH 32 bridge 1.7 June 12, 1973 26 5.' 8.' 40 2.5 0.0 0.0 X
July 30,1973 26 11.8 8.1 140 3.1 0.0 0.11 X
October 30,1973 11 7.8 8.0 50 2.5 0.03 0.0 X

School Near confluence 0.0 June 12, 1973 1.7 20 8.' 8.5 4,300 '.5 0.0 0.02 X
Tributary with Pike Creek August " 1973 0.2 17 7.7 8.2 150 1.5 0.0 0.54 X

October 30, 1973 0.5 11 8.2 7.8 100 '.3 0.03 0.0 X

Sorenson Near CTH KR 1.3 June 13, 1973 15.2 22 11.2 8.' ••0 2.5 0.35 0.0 X
Creek July 3D, 1973 1.0 31 17.1 9.0 200 '.9 0.0 0.04 X

October 3D, 1973 0.5 1. 14.2 8.6 1,200 '.0 0.0 0.0 X

The dissolved· oxygen concentrations at CTHL
were above 5.0 mg/l on nine out of 13 samples
taken during the 1964-1965 sampling survey. On
the other hand, at STH 31, downstream from the
Somers Branch, only five out of 13 samples indi
cated dissolved oxygen levels above 5.0 mg/I. Five
of the 13 samples had less than 3.0 mg/l of dis
solved oxygen. The apparent decrease in water
quality at STH 31 probably may be due, at least
in part, to the discharge of the treated . effluent
from the Town of Somers Utility District No. 1.
In 1972 the Wisconsin Department of Natural
Resources issued revised standards for Pike Creek

in Kenosha County and for the Pike River in
Racine County. These less stringent standards
supported only restricted use and under these
standards the dissolved oxygen concentrations
were not to fall below 2.0 mg/I. Actuai instream
concentrations of dissolved oxygen were found to
be below 2.0 mg/l at Pk-2 (at STH31)on four out
of 13 samples.

Temperature: During the 1964-1965 sampling, the
temperature of water samples from Pike River and
Pike Creek ranged between 320 F and 400 F during
the months of December through April and
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Table 39 (continued)

Concurrent and Antecedent
Moisture Conditions as Indicated

Water Quality Indicators by Precipitation Observations

Fecal Daily Precipitation in Inches Characterization of
Sampling Station Coliform Biochemical

On 8efore Day 2 Sampling Conditions
Dissolved pH Count Oxygen

Day 1 and Sampling
River Temperature Oxygen (standard (MFFCCper Demand Dry We,

Stream Location Mile Date8
Flow DC (molll units) lOOml) Imolll Weatherb Weather

Waxdale 26 feet above sewage 0.7 June 11, 1973 1.4 21 14.8 8.4 520 >0.9 0.0 0.0 X
c.eek treatment plant outfall August 2. 1973 22 20.0 7.8 1,400 9.2 0.0 0.0 X

October 30, 1973 0.4 11 10.0 7.8 450 3.1 0.0 0.0 X

Above S. C. Johnson & 0.5 June 11, 1973 4.1 17 9.0 7.9 10 16.0 0.0 0.0 X

Son, Inc., outfall August 2. 1973 1.5 22 4.6 7.2 10,000 2.6 0.0 0.0 X

October 29, 1973 16 9.1 6,400 >24.0 0.0 0.0 X

October 30. 1973 14 5.4 7.8 2,100 27.0 0.0 0.0 X

Near Willow 0.3 June'1,1973 14.3 20 9.6 7.8 90 16.0 0.0 0.0 X
Road bridge August 2, 1973 6.3 25 7.6 7.6 1,600 2.8 0.0 0.0 X

October 29. 1973 5.5 17 7.6 8.6 1,000 >24.0 0.0 0.0 X

Pike AtCTH EA 3.6 Juna 12, 1973 3.0 20 11.6 7.9 1,500 4.5 0.0 0.02 X
Creek July 31. 1973 0.5 24 8.0 8.1 1,200 11.4 0.0 0.0 X

October 30. 1973 0.7 14 17.0 8.6 840 2.5 0.03 0.0 X

Near CTH L bridge 3.2 June 12, 1973 12.7 18 4.2 7.5 390 3.3 0.0 0.02 X

July 31, 1973 2.6 21 4.8 7.7 750 2.8 0.0 0.0 X

October 30, 1973 0.9 10 6.0 7.6 620 6.1 0.03 0.0 X

Near CTH E bridge 2.1 June 12, 1973 0.6 19 7.8 7.8 950 3.3 0.0 0.02 X

July 31, 1973 0.6 19 4.5 8.0 780 2.8 0.0 0.0 X

October 30, 1973 1.2 10 7.6 7.8 24,000 4.3 0.03 0.0 X

Near STH 31 bridge 0.1 June 12, 1973 21 8.0 8.1 2,900 3.3 0.0 0.02 X

July 31, 1973 21 6.9 8.4 260 1.5 0.0 0.0 X

October 30, 1973 4.7 II 7.6 7.8 110 2.5 0.03 0.0 X

Somers 50 feet above sewage 1.6 June 12, 1973 17 2.8 7.0 2,500 3.7 0.0 0.02 X
Branch treatment plant July 31, 1973 0.0 150 1.5 0.0 0.0 X

outfall October 30, 1973 0.0 0.03 0.0 X

25 feet below sewage 1.6 June 12, 1973 16 3.6 7.2 3,600 18.0 0.0 0.02 X

treatment plant July 31, 1973 0.1 16 2.6 7.6 10 8.4 0.0 0.0 X

outfall October 30, 1973 0.2 14 1.6 7.2 2,400 15.0 0.03 0.0 X

300 feet below sewage 1.5 July 31, 1973 26 8.1 3,000 49.0 0.0 0.0 X

treatment plant outfall October 31,1973 16 7.6 660 9.2 0.0 0.73 X

Near CTH EA bridge 0.8 June 12, 1973 2.8 23 9.8 8.4 4,300 8.6 0.0 0.02 X

July 31, 1973 0.2 24 15.6 8.9 40 3.' 0.0 0.0 X

October 30, 1973 0.5 12 11.0 8.2 490 8.6 0.03 0.0 X

Near confluence with 0.0 June 12, 1973 1.0 20 7.0 8.1 2,400 7.4 0.0 0.02 X
Pike Creek July 31, 1973 0.1 21 16.0 8.8 70 1.8 0.0 0.0 X

October 30, 1973 0.5 11 9.8 8.2 780 4.9 0.03 0.0 X

sSsmpUng time not BVlJilllble.

bpreciPitstion of O. '0 inch or len on dsy of IlIITIPUng.

Source: Wiscon,in Depsrtnumr ofNaturtll RfJIOurctJ$.

between 430 F artd 750 F during the months of
May through November. These temperature varia
tions may be attributed primarily to the seasonal
changes. Consequently, the discharges of cooling
water into the main stem or the tributaries of
Pike River from the J. I. Case Company, Rexnord,
Inc., S. C. Johnson & Son, Inc., and the Ametek
Lamb Electric plants, all located in the Town of
Mt. Pleasant, appear not to be increasing the
normal temperature of the stream water above the
prescribed standard of 890 F.

Total Coliform Bacteria: During the 1964-1965
sampling, membrane filter fecal coliform counts
(MFFCC) varied from 1,200 to 1,800,000 MFFCC
per 100 milliliters (MFFCC/100 ml) with the aver-

178

age values for the Pike River and Pike Creek being,
respectively, 260,000 and 35,000 MFFCC/100 ml.
The highest total coliform counts occurred during
the month of December in the Pike River at sta
tion Pk-l. Since the high coliform counts were not
observed throughout the year, it is likely that the
pollution sources were intermittent, consisting of
wastes from domestic animal raising operations,
effluent from malfunctioning septic tank systems,
or wildlife excretions.

Hydrogen-Ion Concentration (pH): During the
1964-1965 samplirig, pH values at all sampling sites
in the Pike River watershed generally ranged from
6.9 to 8.2 standard units. At no location within the
watershed was the pH found to be outside the
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Table 40

BENTHIC ORGANISM DATA FROM THE WISCONSIN
DEPARTMENT OF NATURAL RESOURCES BASIN SURVEY: 1976

Benthic Invertebrate Organisms

Intolerant Tolerant Very Tolerant

Num~r Number NumberSampling Station
River Bottom of Total of Total of Total

Stream Location Mile Date Waste Source Type Current species Population species Population Species Population Remarks

Pike River- 30 feet above 13.5 December 1" 1973 36·foot culvert and Sand Moderate 4 944 68 Unbalanced-algae
Main Stem 5TH 20 bridge private sewer discharges

150 feet above 12.5 December 1" 1973 36-foot culvert and Sand Moderate 1.886 64 Unbalanced-

f
Oaks Road culverts private sewer H

2
S odor

20 feet above Sturtevant 11.9 December 1" 1973 Nonpoint sources Sandy, Moderate 378 1,773 Polluted
tributary loem,silt
(WaxdaleCreek)
confluence with
main stem

30 feet above J. I. Case 11.8 December 11, 1973 Sturtevant tributary Sand,sllt, Moderate- 11,893 3.3 Polluted-
and Metals Lab (Wal<daleCreek) gravel Slow oil noted
seWl)rdischarge J_ I. Case, Metal Labs

20 fetlt above 11.7 December 11, 1973 J.1. Case and Sand,silt, Moderate 9,505 13 Polluted-
STH 11 bridge Metal Labs grevel, rock oil noted

200 feet above 10.6 December 11, 1973 Rexnord, McGraw- Gravel, Fest 5,680 Grosslv polluted-
Braun Road bridge Edison sand, rock algae

150 feet above 8.8 December 11, 1973 All the above sources Grevel, Fast 764 Grossly polluted-
STH 31 bridge sand,rock algae

75 feet below '.6 December 13, 1973 Below Pike Creek and Gravel, Fast 687 196 Semi-polluted
CTH G bridge main stem confluence sand, rock

10 feet below 2.4 December 13, 1973 BelolN Pike Creek and Gravel, Fest 10 260 18 Unbalanced
13th Street bridge main stem confluence sand, rock

Sturtevant 120 feet above O.f December 11, 1973 S. C. Johnson & Son, Sand, Moderate 9,474 Grossly polluted-
Tributary confluence with Sturtevant sewage gravel,rock slime growth and
IWaxdaleCreek) Pike River-main stem treatment plant sludge deposits

Pike Creek Based south side of I., November 3D, 1973 0.3 mite above Somers Sand, Riffle 16 89 76 Clean-much debris
CTH E bridge sewage treatment plant gravel,rock

tributary (Somers Branch)

50 feet above 0.1 November 3D, 1973 Somers sewage treatment Sand, Riffle
"

.7 136 Clean-much debris
confluence of Pike plant tributary gravel,rock
Creek junction (Somers Branch)
CTH A and STH 31

Somers 200 feet below 0.8 November 30, 1973 Somers seWage Gravel, Fast 39 2,492 Polluted
Tributary CTHEA bridge treatment plant sand, rock
(Somers Branch)
to Pike Creek

Source: Wisconsin D8f)artment of Natural Resources and SEWRPC.

range of the 6.0 to 9.0 standard units prescribed
for recreational use, the maintenance of fish and
aquatic life, and restricted use-the major water use
objectives for the Pike River and its tributaries.

Specific Conductance: During the 1964-1965 sam
pling, the specific conductance of water samples
from the Pike River and Pike Creek ranged from
522 to 1,330 micromhos per centimeter at 250 C.
The specific conductance is an approximate mea
sure of the dissolved ions present in water, the
increased specific conductance normally being due
to the presence of increased amounts of such sub
stances as sulfates, bicarbonates, and chlorides. The
source of sulfates and bicarbonates in the Pike
River system is likely to be soil erosion since the
watershed is covered by largely calcareous soils.
Wastewater treatment plants are probably the
major source of chlorides in the Pike River system.

Chloride: During the 1964-1965 sampling, the
chloride concentrations throughout the water
shed varied from 35 milligrams per liter (mg/l) to
90 mg/l with the average values for the Pike River
and Pike Creek being 65 mg/l each. The chloride
levels in the watershed were high compared to
background levels of 10 mg/l as measured from the
average groundwater chloride concentrations~ The
chloride concentrations remained high throughout
the year in the Pike River and Pike Creek. The sus
tained high chloride concentrations in the streams

6 C.L.R. Holt and E. L. Skinner, "Groundwater
Quality in Wisconsin Through 1972," UW-Exten
sion Information Circular No. 22, 1973.
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Table 41

DRY WEATHER WATER QUALITY CONDITIONS OF THE PIKE RIVER AND TRIBUTARIES: 1964-1965

Numerical Value
Number

Station of
Sampled Parameter Maximum Average Minimum Analyses

Pike River Chloride (mg/Il 90 65 35 17
Pk-1, Pk-4 Dissolved Solids (mg/ll 905 600 380 17

Dissolved Oxygen (mg/ll 11.8 5.3 0.1 27
Total Coliform Count

(MFFCC/100 mil 1,800,000 260,000 2,000 27
Temperature (oF) 75 49 32 27

Pike Creek Chloride (mg/ll 90 65 35 15
Pk·2, Pk-3 Dissolved Solids (mg/ll 840 620 505 15

Dissolved Oxygen (mg/ll 13.2 6.0 0.4 25
Total Coliform Count

(MFFCC/100 mil 300,000 35,000 1,200 25
Temperature (oF) 71 49 32 25

Source: SEWRPC.

of the Pike River watershed indicate continuing
contribution of chlorides from a source other than
groundwater. The Village of Sturtevant sewage
treatment facility, the St. Bonaventure Seminary
sewage treatment facility, and the Town of Somers
Utility District No. 1 sewage treatment facility
located in the watershed, discharging into the Pike
River and Pike Creek were likely to be major
sources of chloride in the stream waters.

Concluding Statement: The 1964-1965 dry weather
survey indicated water quality consistently satisfy
ing the temperature and pH standards established
for the surface waters of the Pike River water
shed. The sample data indicate that the dissolved
oxygen standard and the fecal coliform bacteria
standard were frequently violated. High chloride
levels throughout the year are probably attribut
able chiefly to sewage treatment facilities that
represent a relatively constant source of chloride
transport to the surface waters.

SEWRPC Continuing Water Quality
Monitoring Program: 1968-1976
In 1968, the Commission entered into a coopera
tive agreement with the Wisconsin Department of
Natural Resources for the execution of a continu-
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ing stream water quality monitoring program
within the Region. The objective of the program
was to provide, on a continuing basis, the water
quality information necessary to assess the long
term trends in water quality within the rapidly
urbanizing seven-county Region.

The continuing monitoring program was designed
to build upon the benchmark stream water quality
data base established by the Commission in the
initial 1964-1965 stream water quality study and,
accordingly, the monitoring network included the
four Pike River watershed sampling stations. During
1968 and 1969, the SEWRPC stream water quality
monitoring program involved twice-yearly sampling
at all stations during periods of both high and low
flow, with the samples being analyzed for dissolved
oxygen, temperature, fecal and total coliform,
nitrate nitrogen, nitrite nitrogen, dissolved phos
phorus, pH, chloride, and specific conductance.

To provide additional information on the diurnal
fluctuations of stream water quality, the monitor
ing program was revised in 1970 to provide for
the collection of six stream water samples over
a 24-hour period once yearly during the period
of low streamflow at each sampling station, with



each sample being analyzed for the following five
parameters: dissolved oxygen, temperature, pH,
chloride, and specific conductance. In addition,
for OIle sample obtained during the 24-hour period
the samples were analyzed for the following four
parameters; fecal coliform, nitrate nitrogen, nitrite
nitrogen, and dissolved phosphorus.

In order to obtain regional information on addi
tional water quality indicators, the Commission
and the Department of Natural Resources agreed
to a further revision of the program beginning with
the 1972 survey. The overall continuity of the
sampling program was maintained by continuing to
monitor those parameters included in previous sur
veys with the following changes: a decrease from
six to four per day in the frequency of dissolved
oxygen, temperature, and specific conductance
measurements; a decrease from six to two per day
in the frequency of chloride determinations; an
increase from one to two per day in the frequency
of fecal coliform, nitrate nitrogen, nitrite nitrogen,
ammonia nitrogen, and dissolved phosphorus mea
surements; and the addition of two determinations
per day of organic nitrogen, ammonia nitrogen,
and total phosphorus. The addition of these latter
three parameters was prompted by the need for
more regional information on nutrients, and an

increased interest in both the oxygen demand
exerted by ammonia nitrogen and the toxic effect
of ammonia nitrogen.

Thus, the stream water quality monitoring pro
gram, as revised in 1972 and as continued through
1976, provided for four measurements over
a 24-hour period once yearly. Four measurements
were made during the period of low flow at each
of the 87 stations for each of the following three
parameters: dissolved oxygen, temperature, and
specific conductance. Two determinations were
made at each station over the same 24-hour period
for each of the following nine parameters: pH,
chloride, fecal coliform, nitrate nitrogen, nitrite
nitrogen, ammonia nitrogen, organic nitrogen,
dissolved phosphorus, and total phosphorus.

Findings of the Study: A summary of the results of
sample data collected by the Commission for the
four sample stations in the Pike River watershed
Pk-1, Pk-2, Pk-3, and Pk-4-for the period from
1968 through 1975 is set forth in Tables 42, 43,
44, and 45, respectively. The location of these
sample station sites are shown on Map 33.

Dissolved Oxygen: For the watershed as a whole,
the range of dissolved oxygen concentrations mea
sures in the Pike River stream system during

Table 42

WATER QUALITY CONDITIONS OF THE PIKE RIVER AT STH 31-SAMPLINGSTATION PK-1: 1968-1975

Number of Times

Numerical Value
Number the Recommended

Recommended of Standard/Level
Parameter Level/Standard Maximum Average Minimum Analyses Was Not Met

Chloride (mg/IJ ............. - . 45.0 24.5 16.0 23 --
Dissolved Oxygen (mg/ll ........ 5.0 11.0 5.9 2.2 30 13a

Ammonia Nitrogen (mg/ll ....... 0.02b 1.49 0.47 0.03 8 --
Organic Nitrogen (mg/ll ........ -- 2.22 0.81 0.27 8 --
Total Nitrogen (mg/ll.......... -- 6.49 3.33 1.24 8 --
Specific Conductance

(pmhos/cm at 250 C) ......... -- 928 525 313 29 --
Nitrite Nitrogen (mg/ll ......... -. 0.33 0.18 0.04 13 --
Nitrate Nitrogen (mg/Il. ........ -. 3.81 1.84 0.60 13 --
Soluble Orthophosphate-P (mg/ll ... _. 0.83 0.35 0.07 13 --
Total Phosphorus (mg/ll ........ 0.1 0.80 0.34 0.10 8 8
Fecal Coliform (MFFCC/100 mil ... 400 1.700 597 40 13 7
Temperature (oF) ............ 89 80.0 68.9 48.0 31 0
Hydrogen-Ion Concentrations (pH)

(standard units) ............ 6-9 9.0 7.9 7.5 23 0

a
The concentrations were below the water quality standard of 5.0 mgh for dissolved oxygen.

b
The recommended standard applies to un-ionized ammonia nitrogen. The numerical values shown are total ammonia nitrogen levels.

Source: SEWRPC.
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Table 43

WATER QUALITY CONDITIONS OF PIKE CREEK AT 18TH STREET-SAMPLING STATION PK-2: 1968-1975

Number of Times

Numerical Value
Number the Recommended

Recommended of Standard/Level
Parameter Level/Standard Maximum Average Minimum Analyses Was Not Met

Chloride (mg/l) . . . . . . . · ..... -- 90.0 51.1 25.0 23 --
Dissolved Oxygen (mg/l) ..•..... 5.0 16.1 5.8 1.5 31 15a

Ammonia Nitrogen (mg/l) ....... 0.02b 0.21 0.14 0.03 8 --
Organic Nitrogen (mg/l) ........ -- 1.89 0.98 0.51 8 --
Total Nitrogen (mg/l).......... -- 7.28 3.30 1.31 8 --
Specific Conductance
(~mhos/cm at 250 C) •••• 0,' ••• -- 1,455 1,099 840 29 --

Nitrite Nitrogen (mg/l) ......... -- 0.28 0.08 0.03 13 --
Nitrate Nitrogen (mg/l)......... -- 4.90 2.24 0.66 13 --
Soluble Orthophosphate-P (mg/I) ... -- 0.46 0.21 0.14 13 --
Total Phosphorus (mg/Il ........ 0.1 0.37 0.22 0.14 8 8
Fecal Coliform (MFFCC/100 mil ... 400 3,500 816 90 13 9
Temperature (oF) ............ 89.0 81.5 68.8 46.0 31 0
Hydrogen-Ion Concentrations (pH)

(standard units) ............ 6-9 8.3 7.8 7.5 23 0

a
The concentrations were below the water quality standard of 5.0 mgll for dissolved oxygen.

b
The recommended standard applies to un-ionized ammonia nitrogen. The numerical values shown are total ammonia nitrogen levelS.

Source: SEWRPC.

Table 44

WATER QUALITY CONDITIONS OF PIKE CREEK AT STH 31-SAMPLING STATION PK-3: 1968-1975

Number of Times

Numerical Value
Number the Recommended

Recommended of Standard/Level
Parameter Level/Standard Maximum Average Minimum Analyses Was Not Met

Chloride (mg/l) . . ..... · ..... -- 82.0 34.1 22.0 23 - -
Dissolved Oxygen (mg/l) .. · ..... 5.0 11.7 7.4 3.9 31 3a

Ammonia Nitrogen (mg/l) ....... 0.02b 0.43 0.19 0.03 8 0
Organic Nitrogen (mg/l) ........ -- 1.14 0.65 0.20 8 --
Total Nitrogen (mg/l).......... -- 4.08 2.26 0.95 8 - -
Specific Conductance

(lJmhos/cm at 250 C) ..... · ... -- 1,069 619 440 29 --
Nitrite Nitrogen (mg/l) ..... · ... -- 0.15 0.09 0.04 13 --
Nitrate Nitrogen (mg/l)..... · ... -- 3.55 1.47 0.39 13 --
Soluble Orthophosphate-P (mg/l) ... -- 0.61 0.30 0.10 13 --
Total Phosphorus (mg/l) ........ 0.1 0.54 0.25 0.11 8 8
Fecal Coliform (MFFCC/100 mil ... 400 12,000 1,684 10 13 7
Temperature (oF) ............ 89.0 76.5 68.5 48.0 31 0
Hydrogen-Ion Concentrations (pH)

(standard units) ............ 6-9 8.7 8.1 7.7 23 0

a The concentrations were below the water quality standard of 5. 0 mgll for dissolved oxygen.

b The recommended standard applies to un-ionized ammonia nitrogen. The numerical values shown are total ammonia nitrogen levels.

Source: SEWRPC.
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Table 45

WATER QUALITY CONDITIONS OF THE PIKE RIVER AT STH 32-SAMPLING STATION PK-4: 1968-1975

Number of Times

Numerical Value
Number the Recommended

Recommended of Standard/Level
Parameter Level/Standard Maximum Average Minimum Analyses Was Not Met

Chloride (mg/l) . . . . . . . . . . . . . -- 51.0 34.6 24.0 23 --
Dissolved Oxygen (mg/ll ........ 5.0 14.2 6.9 3.2 31 5a

Ammonia Nitrogen (mg/ll ....... 0.02b 0.34 0.13 0.03 8 0
Organic Nitrogen (mg/ll ........ -- 1.42 0.94 0.48 8 --
Total Nitrogen (mg/ll .......... -- 4.50 2.31 1.15 8 --
Specific Conductance

(pmhos/cm at 250 C) ......... -- 956 616 445 29 --
Nitrite Nitrogen (mg/ll. . . .. . . . . _. 0.13 0.05 0.02 13 _.
Nitrate Nitrogen (mg/ll......... -. 2.85 1.43 0.37 13 --
Soluble Orthophosphate-P (mg/l) ... .. 0.55 0.30 0.06 13 --
Total Phosphorus (mg/ll ........ 0.1 0.34 0.19 0.05 8 6
Fecal Coliform (MFFCC!100 mil ... 400 2,100 680 20 13 6
Temperature (oF) ............ 89 81.5 71.4 50.0 31 0
Hydrogen-Ion Concentrations (pH)

(standard units) ............ 6-9 8.9 8.3 7.5 23 0

a The concentrations were below the water quality standard of 5. 0 mg/I for dissolved oxygen.

b The recommended standard applies to un-ionized ammonia nitrogen. The numerical values shown are total ammonia nitrogen levels.

Source: SEWRPC.

August for the years 1968 through 1975 was
2.2 to 16.1 mg/l. The average dissolved oxygen
concentrations were 5.9, 5.8, 7.4, and 6.9 mg/l for
the Pike River stations Pk-1, Pk-2, Pk-3, and
Pk-4, respectively. Although the eight-year aver
age dissolved oxygen concentrations were above
5.0 mg/l for all locations during August, the dis
solved oxygen level was found to be lower than
5 mg/l for a portion of time at every sampling
location during the study period. At sampling
station Pk-1 on the Pike River, the average dis
solved oxygen concentrations were below 5.0 mg/l
during seven out of eight sampling years. Samples
collected at station Pk-4 on the Pike River had less
than 5.0 mg/l dissolved oxygen during two out of
eight sampling years, during six out of eight sam
pling years at station Pk-2, and during one of eight
sampling years at station Pk-3.

A comparison of dissolved oxygen concentrations
found in April and August of 1964, 1968, and
1969 indicates higher dissolved oxygen concen-

trations in April of each year than in August of the
same year. The August dissolved oxygen levels
were approximately 8.0 mg/l lower than those
found in the April samples.

Chloride: The average chloride concentrations of
the multiple samples taken on the sampling dates
in eight summer sampling surveys during the years
1968 through 1975 ranged from 16 to 90 mg/l at
the four stations in the Pike River watershed. The
average chloride concentrations of the samples at
sampling stations Pk-1 and Pk-4 on the Pike River
were 25 mg/l and 35 mg/l respectively, signifi
cantly higher than the area groundwater concen
tration of approximately 10 mg/l. The chloride
concentrations at Pike Creek sampling stations
Pk-2 and Pk-3, with averages of 51 and 34 mg/l
respectively, were also significantly higher than the
groundwater chloride levels. These higher levels
found throughout the watershed are probably
associated with the discharges of the sewage
treatment plants operated by the Town of Somers
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Utility District No.1 and the Village of Sturtevant,
since the dry weather flow at Pike Creek during the
summer consists mainly of the sewage treatment
plant effluent.

Fecal Coliform Bacteria: The samples collected on
the Pike River from 1968 to 1975 at Station Pk-1
produced a range of 40 to 1,700 MFFCCj100 ml.
The downstream station on the Pike River desig.
nated as Pk-4, produced a similar range of 20 to
2,100 MFFCCj100 ml. Sample data collected
on Pike Creek over the same time period at Sta
tions Pk-2 (upstream) and Pk-3 produced average
monthly ranges of 90 to 3,500 and 10 to 12,000
MFFCCj100 ml, respectively. The only trend
apparent in the fecal coliform counts over the eight
sets of samples collected in the month of August
during the period from 1968 through 1975 is
a general reduction in 1970 and the following years
upon installation of disinfection facilities at the
Village of Sturtevant sewage treatment plant, the
largest in the watershed.

Hydrogen-Ion Concentration (pH): As indicated
in Tables 42 through 45, the pH values of the
watershed surface water system have generally
been within the range of 6.0 to 9.0 standard units
prescribed for recreational use, maintenance of
fish and aquatic life, and restricted use. No trend in
pH variation of the samples collected from 1968
through 1975 was apparent.

Specific Conductance: Specific conductance, a mea
sure of total dissolved ions in water, was found to
be in the range of 313 to 1,455 micromhos per
centimeter (pmhosjcm) at 250 C at the four sam
pling locations over the period from 1968 through
1975. The highest specific conductance value was
found at sampling station Pk-2 in August 1970.
With the exception of the samples collected
during or after a rain-Le., in 1968, 1969, and
1972-the samples indicated an apparent slight
decrease in specific conductance over the past eight
years at the Pike River stations Pk-1, and Pk-4,
as well as the Pike Creek sampling station Pk-3,
located near the confluence point of the Creek
with the Pike River. At Pike Creek location Pk-2,
the specific conductance values remained the
highest within the watershed in each year. No
trend in specific conductance values was found
over the past eight years at sampling station Pk-2.

Temperature: As indicated in Tables 42 through
45, the temperature of the stream water of the
watershed remained below the 890 F standard,
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estahlished for fish and aquatic life, over the entire
eight year sampling period from 1968 through
1975. No trend in temperature variation was
observed from 1968 through 1975, although sea
sonal fluctuations were noted.

Soluble Orthophosphate and Total Phosphorus:
Water samples collected in eight sampling periods
from the four Pike River watershed sampling
station locations· from 1968 through 1975 were
analyzed for soluble orthophosphate concentra
tions, and a range of 0.06 to 0.83 mgjl of soluble
orthophosphate, measured as phosphorus, was
found. During the years 1972 through 1975, the
water samples also were analyzed for total phos
phorus and a range of 0.05 to 0.80 mgjl was
obtained. The high ratio-ranging from 0.7 to
l.o-of soluble orthophosphate to total phos
phorus in the water samples indicates that most of
the phosphorus is readily available for the growth
of aquatic plants. Although not enough samples
were available in the four years of data to charac
terize the trends in total phosphorus concentra
tions over time-especially since the 1972 sample
was taken after a heavy rain-the concentrations
are many times higher than the threshold for exces
sive algae growth. It is generally felt that total phos
phorus concentrations must be held to a maximum
of 0.10 mgjl in flowing streams in order to prevent
nuisance growth of algae and other aquatic plants.
Of the 32 water samples collected from Pike Creek
and the Pike River over the eight-year period, 30
samples had total phosphorus levels higher than
0.10 mgjl.

Although no streamflow information is available
for the sampling sites on the days water samples
were collected, there is continuous record flow
data available at the U. S. Geological Survey gaging
station on the Pike River at a location two miles
downstream from sampling station Pk-l. Total
phosphorus loadings from the watershed were
determined utilizing these flow data and measured
sample data from station Pk-l. Total phosphorus
loadings to the watershed as determined from land
use information are discussed in Chapter VI of
Technical Report No. 21, Sources of Water Pollu
tion in Southeastern Wisconsin: 1975. Both the
Technical Report No.2 data and the measured
data are presented in the following section on
nonpoint sources of pollution.

Nitrogen: The total nitrogen concentrations in the
Pike River water samples collected in August
during the period from 1972 through 1975 were



found to be in the range of 0.95 to 7.28 mg/l and,
of these levels, 1 to 13 percent were found to be
present as nitrite nitrogen, 2 to 25 percent as
ammonia nitrogen, 36 to 70 percent as nitrate
nitrogen, and 14 to 50 percent as organic nitrogen.
Thus 38 to 95 percent of the total nitrogen cone
tent of the Pike River water samples was in the
readily available forms of nitrate nitrogen and
ammonia nitrogen. Nitrates are obtained as the end
product of aerobic degradation of proteinaceous
materials-organic nitrogen amd nitrite nitrogen are
the byproducts of bacteriological action upon
ammonia and nitrogenous substances; and ammonia
is the chief decomposition product from plant and
animal proteins. The presence of ammonia nitrogen
in the stream water constitutes chemical evidence
of organic pollution of recent origin. In the pres
ence of oxygen, ammonia is transformed into
nitrite and ultimately into nitrate. The level of
ammonia nitrogen considered to be dangerous to
fish and aquatic life is 0.02 mg/l of un-ionized
ammonia. The actual toxicity level, however, is
a function of the instream pH, temperatures and
total ammonia concentration. According to the
sample records, the concentration of un-ionized
ammonia was not found to be in excess of 0.02
mg/l at any of the sample stations over the eight
year period.

Nitrate nitrogen concentrations in the Pike River
watershed were found to range from 0.37 to
4.9 mg/I. Surface runoff from fields where there
have been excessive or improper applications of
natural or artificial fertilizers can contribute sig
nificant quantities of nitrate to surface waters.
Nitrates also are present in treated municipal
wastes and enter the receiving streams with the
discharged sewage treatment plant effluent. For
the samples collected at sampling locations Pk-1
through Pk-4 on the Pike River and Pike Creek,
the concentrations of nitrate nitrogen remained
higher than 0.30 mg/l in all of the samples col
lected in August from 1968 through 1975.

Organic nitrogen accounts for 14 to 50 percent of
the total nitrogen in the samples collected in the
Pike River watershed, and is contributed by amino
acids, proteins, and polypeptides, all products of
biological processes. The presence of organic
nitrogen is directly related to the discharge of
organic wastes such as sewage or plant and animal
decay products. The average organic nitrogen con
tent of the samples collected over the eight-year
period was approximately 0.845 mg/l at all four

sampling station locations. Therefore, organic
nitrogen apparently has little effect on dissolved
oxygen concentrations in the Pike River.

Concluding Statement: The Commission's con
tinuing water quaIity monitoring program for the
period 1968 through 1975 indicated that of the
available sampling data, water quality in the Pike
River watershed apparently satisfied the pH and
temperature standard all of the time, the dissolved
oxygen standard about 68 percent of the time,
the fecal coliform bacteria standard about 44 per
cent of the time, and the total phosphorus stan
dard about 6 percent of the time.

Wisconsin Department of Natural
Resources Basin Surveys of Toxic and
Hazardous Substances: 1975-1976
There is a growing awareness on the part of scien
tists, engineers, and the general public of the
potentially harmful effects on animal and human
life of certain substances not formerly considered
in water quality management studies. Because of
this growing awareness, the available data on the
levels of these toxic and hazardous substances in
the streams and lakes of the Region as obtained
under the Wisconsin Department of Natural
Resources drainage basin study programs were
assembled by the Commission under the areawide
water quality management program. Data extracted
from that collation for the Pike River watershed
are presented and the significance of the data is dis
cussed herein.

Toxic and Hazardous Substances-Background:
The general category of toxic and hazardous
materials consists of the three subcategories: heavy
metals, pesticides, and polychlorinated biphenyls
(PCB's). All of these materials tend to accumulate
in the environment as a result of man's activities.
Heavy metals such as cadmium, chromium, cobalt,
copper, lead, mercury, nickel, and zinc are metals
which have a specific gravity greater than four.
Such metals have several oxidation states, and
readily form complex ions. Pesticides are organic
chemicals utilized by man to control or destroy
undesirable forms of plant and animal life. Pesti
cides encompass all forms of insecticides, herbicides,
fungicides, fumigants, nematocides, algicides, and
rodenticides. Polychlorinated biphenyls-PCB's-are
a class of compounds produced by chlorination of
biphenyls and are registered in the United States
under the trade name of Arochlor. PCB's are
slightly soluble in water, relatively nonflammable,
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and have desirable heat exchange and dielectric
properties. They are used principally in the elec
trical industry in capacitors and transformers and
were formerly used in the production of papers
used for printed self-copying forms not requiring
carbon paper.

Heavy metals, pesticides, PCB's, and other toxic
and hazardous substances generally do not present
the gross aesthetic or olfactory offense of some
other water pollutants, but may present a serious
and insidious health hazard to animal and human
population. Reported adverse effects of heavy
metals, pesticides, and PCB's on humans include
liver and kidney disorders, carcinogenic effects,
nervous system damage, skin lesions, and disrup
tion of reproductive processes. PCB's can also
affect reproduction in animals and can cause
physical and mental disabilities which impede
survival. Not only are these toxic and hazardous
materials taken up by rooted plants, but certain of
these materials have the innate ability to enter the
food chain at the lowest levels of vegetative growth
and then gradually move up the food chain and
accumulate in the fleshy tissue of fish, which in
turn are available for human consumption.

Heavy metals, pesticides, and PCB's may poten
tially be transported into the surface waters of the
Pike River watershed directly via storm water
runoff as well as through industrial and municipal
wastewater outfalls or by groundwater discharge if
groundwaters were to become contaminated with
these materials. Potential diffuse sources of heavy
metals, pesticides, and PCB's in the Pike River
watershed include atmospheric fallout and wash
out; washoff from streets, highways, parking lots,
rooftops, lawns, and other pervious and impervious
surfaces; organic and inorganic fertilizers for agri
cultural and lawn and garden purposes; pesticides
that have been sprayed or spread; and discharges
of sanitary sewerage system flow relief devices.

Findings of the Study: Dry weather heavy metal
concentrations and PCB levels found in the
selected surface water quality samples taken by
the Wisconsin Department of Natural Resources
from sampling stations located on the Pike River
and Pike Creek from June 1973 through October
1973 are summarized in Table 46. The results of
dry weather pesticide data obtained by the Depart
ment for the Pike River, Pike Creek, and Waxdale
Creek from June 1973 through November 1973
are summarized in Table 47. The criteria recom
mended by the U. S. Environmental Protection
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Agency are noted in Tables 46 and 47 for each sub
stance for which data are available. A notable
omission is recommended criteria for certain
pesticide compounds.

Surface Waters: Generally the data presented in
Tables 46 and 47 do not indicate the presence of
a toxic substances pollution problem in the surface
waters of the Pike River watershed. Some indica
tion of potential problems are worthy of note,
however, and are described here. These findings
are generalized because of the very limited number
of sampling sites and water samples available. As
indicated in Table 46, of the seven heavy metals
for which data are available, mercury is the only
one found to occur at any sampling site in the
watershed in concentrations in excess of the rec
ommended standard. Of the five samples taken
throughout the watershed four were found to
contain less than 0.2 microgram per liter (llg/l) of
mercury, and one sample was found to contain
2.2 J,.lg/l of mercury, a level 45 times the recom
mended level of 0.05 llg/l. It is important to note
that in the above analyses, the lowest level of
mercury which the laboratory conducting the test
was able to detect was 0.2 J,.lg/l, which is higher
than the recommended standard 0.05 J,.lg/l. There
fore, the actual mercury concentration present in
the sample, while lower than 0.2 J,.lg/l, could still
be higher than the recommended level. As with
mercury, the sensitivity of the tests used to analyze
the samples for the presence of PCB's-O.l J,.lg/l
was significantly higher than the recommended
standard level of 0.001 J,lg/l. Therefore, it is dif
ficult to assess the actual number of samples in
excess of the recommended standard in the surface
waters of this basin.

With regard to observed pesticide concentrations
of the pesticides for which criteria have been
recommended-namely DDT, DDE, DDD, Aldrin,
Heptachlor, Heptachlor Epoxide, Lindane, Dieldrin,
Methoxychlor, and Phthalate-the limited data
available indicate that the concentrations of DDT,
DDE, Heptachlor Epoxide and Dieldrin present in
the samples exceeded the standard, while Lindane,
Methoxychlor, and Phthalate did not. For the
remaining five pesticides, there were no determi
nant samples available to compare with the recom
mended instream levels.

Sediment: No information is available on the con
centration of heavy metals, PCB's, and pesticides in
bottom sediments of the Pike River watershed.



Table 46

DRY WEATHER HEAVY METAL AND PCB CONCENTRATIONS IN PIKE RIVER WATERSHED: 1973

Substance and EPA Recommended Instream Level

Cadmium Chromium Copper Lead

12 }.lg/I 100 }.lg/I 145 }.lg/I 4,820 }.lg/I

Location Date a b a b a b a b

Pike Creek
52nd Street 06/06/73- 2.0(2) -- 15.(2) -- 15.(2) -- 165.(2) --

10/23/73
Pike Creek at STH 31 10/30/73 -- < 0.2(1) 3.(1 ) -- 2.(1 ) -- -- < 4.(1)

Pike Creek at STH 32 06/13/73- 8.(1) < 0.2(1) 6.5(2) -- 6.(2) -- 40.(1) <4.(1)

10/30/73

Substance and EPA Recommended Instream Level

Polychlorinated

Mercury Nickel Zinc Biphenyls (PCB's)

0.05 }.lg/I 100 }.lg/I 334J,Jg/1 0.001 }.lg/I

Location Date a b a b a b a b

Pike Creek
52nd Street 06/06/73- -- < 0.2*(2) 20.(1) < 10.(1) 37.(2) -- -- < 0.05*(4)

10/23/73
Pike River at STH 31 10/30/73 -- < 0.2*(1 ) 40.(1) -- 20.(1 ) -- -- --
Pike River at STH 32 06/13/73- 2.2(1 ) < 0.2*(1 ) 27.(2) -- 25.11 ) -- -- < 0.05*(1)

10/30/73

NOTE: All values are presented in micrograms per liter.

a Average of determinate sample results (number of samples averaged).

b Indeterminate sample results (number of samples averaged). Asterisk (*) indicates those sample results of less than detectable (sensitivity)
limits of the laboratory analysis.

Source: Wisconsin Department of Natural Resources and SEWRPC.

Concluding Statement: The limited data available
indicate that excessive mercury, DDT, DDE,
Heptachlor Epoxide and Dieldrin have existed in
the surface waters of the Pike River under dry
weather conditions. Excessive concentrations of
other heavy metals and of pesticides may also have
existed during dry weather sampling periods but
the data are inconclusive because of the limited
number of sampleS and the sensitivity limits of the
laboratory analyses. Conclusions cannot be drawn
concerning wet weather condition heavy metal,
PCB, and pesticide levels since the available data
pertain only to dry weather conditions. Heavy
metals and PCB's tend to accumulate in the
bottom sediments of the watershed, and the

average concentrations of these substances in
sediment generally range from about 1,000 to
20,000 times the concentrations measured in the
flowing streams. During wet weather conditions,
some of the substances contained within bottom
sediments may be brought into suspension and
transported from the watershed.

SEWRPC Monitoring for the Areawide Water
Quality Management Planning Program: 1976-1977
In 1976 the Commission entered into a coopera
tive agreement with the Wisconsin Department of
Natural Resources and the U. S. Geological Survey
for the execution of a short-term stream water
quantity and quality· monitoring program within
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Table 47

DRY WEATHER PESTICIDE CONCENTRATIONS IN PIKE RIVER WATERSHED: 1973

Substance and EPA Recommended Instream Level

Heptachlor
DDTa DDEa DDDa Aldrina Heptachlor Epoxide

0.001 "g/I 0.001 "g/I 0.001 "g/l 0.003 "g/l 0.001 "g/I 0.001 "g/l

Location Date c d c d c d c d c d c d

Pike Creek
52nd Street West of
16th Avenue ......... 06/05/73- -- <0.010*(4) -- <0.020(4) -- <0.010(4) -- <0.005*(3) -- <0.005*(4) -- <0..005*(4)

11/06/73
Pike River at

STH 32 Bridge ........ 07/30/73- 0.02(1) <0.010*(1) 0.007(1) <0.005(1) -- <0.008(2) -- <0.001(1) -- < 0.002*(2) 0.045(1) < 0.002*(1)

10/30/73
Pike River at STH 32

and 7th Avenue ....... 06/12/73 -- < 0.010*(1) 0.010(1) -- -- <0.010(1) -- -- -- < 0.005*(1) 0.360(1) --
Sturtevant Tributary Near

Willow Road Bridge ..... 06/13/73- -- < 0.040*(2) -- <0.005(2) -- <0.040(2) -- <0.002(1) -- < 0.010*(2) -- < 0.010*(2)
10/29/73

Substance and EPA Recommended Instream Level

Lindane Dieldrin8 Methoxychlor Phthalate Atrazineb Simazineb

0.01 "g/I 0.003 "g/I 0.03 "g/l 3 "g/I "g/I "g/l

Location Date e d e d e d e d e d e d

Pike Creek
52nd Street West of
16th Avenue ....... .. 06/05/73- -- <0.005(4) -- <0.50*(4) -- < 0.040*(4) -- <0.5(3) -- -- -- --

11/06/73
Pike River at

STH 32 Bridge ........ 07/30/73- -- <0.005(2) 0.013(2) -- -- < 0.020(2) -- <0.5(2) -- -- -- --
10/30/73

Pike River at STH 32
and 7th Avenue ....... 06/12/73 -- <0.002(1) -- <0.010*(1) -- < 0.010(1) -- < 0.5(1) -- -- -- --

Sturtevant Tributary Near
Willow Road Bridge ..... 06/13/73- 0:010(1) < 0.010(1) 0.050(1) -- 0.020(1) < 0.040*(1) -- -- -- -- -- --

10/29/73

NOTE: All values are presented in microgram per liter.

8Since the publication of Criteria for Water Quality, 1976, the U. S. Environmental Protection Agency has promulgated toxic pollutant effluent standards for ambient water quality
criterion in navigable waters for aldrin, diedrin, DOE, DOD, and DDT at the maximum concentrations as they appear above and as cited in the Federal Register, Volume 42, No.8,
January 12, 1977.

bNo recommended criteria established.

cAverage of determinate sample results (number of samples averaged).

d'ndeterminate sample results (number of samples averaged). Asterisk (*) indicates those sample results of less than detectable (sensitivity) limits of the laboratory analysis.

Source: Wisconsin Department of Natural Resources and SEWRPC.

the Region that included two locations within the
Pike River watershed. The objective of this moni
toring program, which was carried out under the
areawide water quality management planning pro
gram, was to provide discharge and flow data at
selected locations in the Region for a continuous
period of time encompassing both periods of dry
weather low flow and periods of wet weather high
flow. The data were intended to be used to assess
the impact of rainfall and rainfall-snowmelt events
on instream water quality and to provide a suit
able continuous data series for calibration of the
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hydrologic-hydraulic water quality model being
used under the areawide water quality management
planning program-the same model used under the
Pike River watershed planning program.

One sampling station, Pk-A, was located at the
CTH G bridge of the Pike River-river mile 6.6-in
U. S. Public Land Survey Section 1, Township 3
North, Range 22 East, in the Town of Somers,
Kenosha County. The second sampling station,
Pk-1, was located at the STH 31 bridge of the Pike
River-river mile 10.3-in Section 2, Township 3



North, Range 22 East, in the Town of Somers,
Kenosha County. The location of sampling sites are
shown on Map 33.

As shown on Figure 31, stream water quality deter
minations for both stations were made at approxi
mately one-day intervals for the period beginning
September 7, 1976 and extending through Octo
ber 5, 1976. In addition, on those days on which
runoff occurred as the result of rainfall events,
several water quality samples were taken for the
purpose of preparing instream pollutographs. A sig
nificant rainfall event occurred on October 4 and 5
when about 1.5 inches of rainfall fell on the water
shed during a 28-hour period from about 9:00 p.m.
on October 4 to 12:00 p.m. on October 5. Such
a rainfall event may be expected to occur one or
more times each year.

The data collected at the two stations in the Pike
River watershed during September and OGtober of
1976 are different from the data collected in all of
the other monitoring efforts reported herein for
two reasons. First, most of the data collected under
other studies were single samples collected gener
ally during dry weather conditions and, although
some limited wet weather data were available, they
generally were not sufficient to characterize the
water quality impacts of runoff events. The 1976
data include both water quantity and quality infor
mation for rainfall runoff events, thus permitting
a characterization of the water quality impact of
such events. Second, the 1976 data are for a con
tinuous time period, thus permitting a characteriza
tion of water quality changes occurring at a given
location over a period of time in response to vary
ing meteorologic conditions.

Findings of the Study: Figure 31 is a graphic sum
mary of water quantity and quality conditions
in the Pike River at CTH G and at STH 31 during
the period from September 7 through October 6 of
1976. A summary of dry and wet weather con
centration and transport of biochemical oxygen
demand, fecal coliform bacteria, chloride, ortho
phosphate, total phosphorus, and total nitrogen is
presented in Table 48 for these stations.

Temperature: All of the water temperature mea
surements were less than the maximum allowable
standard of 890 F. Air temperature appears to be
the primary determinant of water temperature
during the dry weather periods in that the water
temperature, like the air temperature, exhibits
a diurnal fluctuation, with the highest water

temperatures occurring during the afternoon hours
and the lowest temperatures occuring during the
early morning hours. There is a slight lag between
water temperatures and air temperatures. For
example, air temperatures tend to exceed water
temperatures by several degrees in the late morning
hours, whereas air and water temperatures are
approximately equal in the late afternoon. Air
temperatures then drop below water temperatures
in the evening and early morning hours. During
the October 4, 1976 rainfall event, surface water
temperatures were relatively uniform and slightly
lower than the coincident air temperatures.

Dissolved Oxygen: All of the dissolved oxygen
level measurements at the downstream station
Pk-A at CTH G-were above the standard of
5.0 mg/l, with an average dry weather concentra
tion of 8.4 mg/I. Considerably lower levels of
dissolved oxygen were observed at the upstream
station-Pk-1 at STH 31-probably reflecting an
effect from the Sturtevant sewage treatment
facility. The average dry weather concentration
of dissolved oxygen at the upstream station was
4.3 mg/I. Dissolved oxygen level concentrations
were not significantly depressed during ra.infall
runoff events at the two stations, suggesting that
the oxygen demand exerted by organic matter
washed from the land surface was offset by oxygen
entrained in the storm water runoff, or that the
reaction time was too brief for significant dissolved
oxygen reduction to occur. An earlier analysis of
the dissolved oxygen content in runoff from
various land uses in the Menomonee River water
shed indicated near saturation conditions, and
suggests that wet weather condition runoff is
generally rich in dissolved oxygen regardless of
land use and antecedent conditions. 7

Biochemical Oxygen Demand: The average dry
weather biochemical oxygen demand (BOD) found
at both sample stations was 3.4 mg/I. The sample
results indicate that the biochemical oxygen
demand in the surface waters is influenced by
runoff events. For example,the instream biochemi
cal oxygen demand loading during the October
rainfall event was about 8 times the dry weather
average loading. The concentrations of biochemical

7 See SEWRPC Planning Report No. 26, A Compre
hensive Plan for the Menomonee River Watershed,
Volume One, Inventory Findings and Forecasts,
October 1976, pp. 249-250.
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Figure 31

SURFACE WATER QUALITY (DRY AND WET WEATHER) OF THE PIKE RIVER
AT CTH G-PK-A-AND AT STH 31-PK-1: SEPTEMBER 7-QCTOBER 6, 1976
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Figure 31 (continued)
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Figure 31 (continued)
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Figure 31 (continued)

DISSOLVED OXYGEN: PK-A
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Figure 31 (continued)
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Figure 31 (continued)
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Figure 31 (continued)

SPECIFIC CONDUCTANCE: PK-A

SEPTEMBER 1976

~~'''~m7 8 9 10 " 12 13 14
"

I. 17 18 19 20 21 22 2' 24 2. 2. 27 28 29 '0 I 2 • •

S 2 '" 0 0 ~
0 '0 '" 0 0 2 8 @ g 00 0 g 2 ~ ~ g '" '" ill S ~ ~ ~ ~ ~ ~ ~~ Q rtl ~ '" 0 ~ 0 I"l :-:

" N "~ ~ No>'" 0; .- " ~ '" ~ 0> " ;; " - '" S ;; 0 = .- = <D <D ~ 0> =00- 0 0
- 0 0 - 0 - N 0 0 0 0 0 o - - (IJ 0

~ ~
'0:F0h-., '/; ~f0:

~~
'/; ~~

~ '/;
~

~~~
~ 'l::~ '/;~?S

~8;~
~ ~ ~~ ~f:S:

~~~~~~ ~ ~f:S:

~ 'i; ~f:S:
~~ ~~~~

~ r",;
~ ~[::S:; ~f:S:

~ ~ ~~~
~ ~~ ~~'/; '/;'/; '/; ~ ~~

SPECIFIC CONDUCTANCE: PK-l

SEPTEMBER 1976

~-""~m7 8 9 10 " 12 13 14
"

I. Il 18 19 20 21 22 2' 24 2. 2. 27 28 29 '0 I 2 • •

S ~ ~ 8 g 0 0 '" " 0 8 0 8 2 iil g g 0 0 2 8 0 iil '" " ill 8 " ~ ~ ~ ~ 2 ~~ " " 0 .- N " "l N N " -
" " ;; '" - ;; 0 ;q; :....: co:...: jtf

~ ~ No>'" <D ;; - ~ 0> ~ 0> - " S = " = <D <D £:! '" =00- 0 0 0 0 0 - N 0 0 0 0 0 o - - (IJ 0

~~
~~ I-.- ..,..., ~~

~ :8; ~~ 'i;~~ ~ '/;
~~

'l::~
r/"~po, ~ ~I/:: -%1/.;:: '/; ,/;0V, I/:: ~

~~ ~r:;: I/.;::~ ~8; ~I/:: -%1/:: '/; I/:: ~
'/;'/; 1'0:~

V,

~ ~~I/:: -% ~ f>::-'%V,
~

~~~~I/:: !::0-'%v' ~'/; '/;~
'/;'/; ~ !::0-'%v, -'% '/;~ ~~

~
~ ~ ~ 8;; '/;

-0::~~

~
~~~ ~

~8;V,
~ ~'/; '/; ~~

~ '/;:% v, ;;; [;/ //- '/::

m ~
~

~~~v, ~ 'l::t/j r/., ~
~I/.;::

~I/::
f'l;1/::'/; ~f:S:~«

197



MONTH AND YEAR

DAY

MONTH AND YEAR

DAY

HOUR

~
ORYWEATHER

~
WET Y.£ATHER

HOUR

~
DRY WEATHER

~
WET WEATHER

198

30

20

10

o

30

20

10

o

Figure 31 (continued)
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Figure 31 (continued)
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Figure 31 (continued)
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oxygen demand was almost doubled from dry to
wet weather conditions. It is expected that the
increase in biochemical oxygen demand during
snowmelt events would be even more dramatic
due to the fall and winter accumulation of leaves,
street litter, animal droppings and vegetative
ground cover.

Fecal Coliform Bacteria: About 90 percent of
the dry weather samples for fecal coliform at
the upstream sample station were in excess of
the upper limit of the recommended level of
400 MFFCC per 100 ml. Concentrations of the
downstream sample location were considerably
lower, with 20 percent of the dry weather samples
in excess of the standard. Both sample stations
indicated a significant increase in fecal coliform
bacteria following storm events, with most of
the wet weather samples in excess of the recom
mended level.

Specific Conductance and Chloride: The monitor
ing data indicate that during dry weather periods,
specific conductance was relatively uniform at the
downstream station, averaging 390 micromhos per
centimeter. Similarly, at the upstream station during
dry weather periods specific conductance averaged
430 micromhos per centimeter. The sample data
indicate a slight reduction of the specific conduc
tance and chloride concentration following storm
events at the upstream sample location, with no
notable change at the downstream site.

Phosphorus: As already noted, the recommended
phosphorus standard of 0.10 mg/l is the recognized
level below which nuisance growths of algae and
other aquatic plants are not expected to occur in
flowing streams. About 20 percent of the dry
weather total phosphorus determinations made at
both the upstream and downstream sample stations
exceeded this standard and 90 percent of the wet
weather samples were found to be in excess of this
standard. The average dry weather total phos
phorus concentration at both sample stations was
found to be about the same with an average con
centration of 0.09 mg/l. It is assumed that during
periods of the year when the instream level of
phosphorus was below.0.1 mg/l, the effect of the
municipal treatment plant discharges on instream
phosphorus concentration is minimized by ground
water dilution, and biological processes such as
plant and algae phosphorus uptake. The marked
increase in phosphorus concentration during wet

weather conditions indicates high concentrations
of phosphorus running off the land surface during
precipitation events.

Nitrogen: The upstream sample location was found
to have an average dry weather total nitrogen
concentration of 3.25 mg/l, considerably higher
than the downstream concentration of 1.6 mg/I.
The higher dry weather concentration of total
nitrogen at the upstream location may be attribu
table to the Village of Sturtevant sewage treatment
facility. The effect of a municipal effluent dis
charge is not as dramatic in downstream reaches
due to a greater ground and surface water dilu
tion capacity, biological nitrogen uptake and
a potential loss of nitrogen compounds to stream
bottom sediments between the two stations. The
upstream sample station recorded a 25 percent
reduction of instream total nitrogen concentration
from 3.25 mg/l to 2.48 mg/l from dry to wet
weather conditions, indicating a dilution effect by
surface water runoff. The opposite effect was
recorded at the downstream station,with a 20 per
cent increase in the instream total nitrogen con
centration from dry to wet weather conditions
from 1.60 mg/l to 1.95 mg/l,indicating a greater
concentration of nitrogen in runoff water than the
baseflow concentration.

Dry and Wet Weather Concentration and Trans
port: The concentration of pollutants in stream
waters as measured in, for example, milligrams per
liter, at any place and time establishes the suit
ability for fish and aquatic life, recreation use, and
aesthetic enjoyment. The transport of potential
pollutants as measured, for example, in pounds per
day at the mouth of a watershed ultimately deter
mines the long-term quality of relatively static
receiving waters such as estuaries, lakes, and reser
voirs. The response or sensitivity of such surface
water bodies to pollutant loads is likely to be
manifested in longer time intervals such as days,
weeks, months, or seasons and, therefore, the
daily, weekly, monthly, and seasonal loads of
pollutants are more important than are the instan
taneous concentrations of pollutants in the inflow
ing water.

Figure 32 provides ratios between dry and wet
weather conditions for the average daily concentra
tion and transport of six parameters-biochemical
oxygen demand, fecal coliform count, chloride,
phosphate phosphorus, total phosphorus, and total
nitrogen-for dry weather days during the period
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Figure 32

RATIO OF WET TO DRY WEATHER CONCENTRATION AND TRANSPORT FOR SELECTED POLLUTANTS
IN THE PIKE RIVER AT CTH G-PK-A-AND AT STH 31-PK-1: SEPTEMBER 7-0CTOBER 6, 1976
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from September 7, 1976 through October 6, 1976.
This graphic summary illustrates the significant
difference between dry and wet weather surface
water quality conditions, as set forth in greater
detail in Table 48, and more particularly, the
marked increase in both concentration and trans
port that occurred during the wet weather period,
with the exception of the concentration and trans
port of chloride.

Concentration: The instream concentration of five
of the six parameters at both sample stations
increased during wet weather conditions. The con
centrations ranged from 0.77 times the average
dry weather concentration for total nitrogen to
3.1 times the average dry weather concentration
for fecal coliform bacteria. These concentration
levels occurred in spite of the 4-fold increase in
average streamflow on the wet weather days, of
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Table 48

DRY AND WET WEATHER CONCENTRATIONS AND TRANSPORT
FOR SELECTED POLLUTANTS IN THE PIKE RIVER AT CTH G
PK-A-AND AT STH 31-PK-1: SEPTEMBER 7-0CTOBER 6, 1976

rParameter, Transport, and Concentration

Biochemical
Oxygen Fecal Phosphate Total Total
Demand Coliform Chloride Phosphorus Phosphorus Nitrogen

Sampling Pounds Colonies per Pounds Pounds Pounds Pounds
Dates Sampling per Day Day IMFFCC per Day per Day per Day per day

for Pk_A8 Condition (mg/l) per 100 mil Img/l) (mg/l) Img/l) Img/l)

September 8, 1976 Dry 91.04 1.13 x bOlO 372.87 0.51 1.88 20.15
14.7)b (128.2) (19.8)b 10.027)b 10.097)b (1.07)b

September 9, 1976 Wet 581.76 2.57 x 1011 3,593.19 10.61 22.24 224.15
13.111 (330) (21) 10.062) (0.13) (1.31)

September 10, 1976 Dry 17.43 1.03 x 1011 871.66 1.48 4.36 96.75
(0.4) 15201 (20) (0.034) (0.10) 12.221

September 11, 1976 Dry 158.23 5.49 x 1010 695.18 0.84 3.29 56.71
(1.8) 13301 (19) 10.023) (0.09) 11.551

September 12, 1976 Dry 10.01 6.83 x 109 300.24 0.46 2.67 21.68
10.61 (90) 1181 (0.028) (0.161 11.301

September 13, 1976 Dry 36.80 7.49 x 109 164.65 0.55 0.68 14.72
13.81 (1701 1171 (0.57) (0.071 (1.52)

September 14, 1976 Dry 36.70 6.75x 1010 283.56 0.63 4.00 21.68
12.2) (890) (171 (0.38) (0.241 11.30)

September 15, 1976 Dry 52.73 6.85 x 109 320.15 0.81 1.51 25.05
12.8) (801 (17) 10.043) 10.081 11.33)

September 16, 1976 Dry 32.39 3.58x 1010 416.46 2.20 3.70 29.62
11.4) (340) (18) 10.095) 10.16) 0.28)

September 17, 1976 Dry 119.13 2.00 x 109 397.09 0.77 1.54 29.34
(5.4) (20) (18) (0.035) 10.07) (1.33)

September 18, 1976 Dry 67.80 1.63 x 1010 320.15 1.00 4.52 33.71
(3.6) 11901 (17) 10.0531 (0.24) 11.79)

September 19, 1976 Dry 37.29 3.23 x 1010
250.2~ 0.55 1.60 26.80

(2.31)b 1440.21 b 115.5) (O.034)b (O.099)b (1.66)b
September 20, 1976 Wet 43.91 8.86 x 1010 466.50 2.09 3.57 45.83

(1.61 17101 (17) (O.Q76) 10.13) (1.67)
September 21, 1976 Dry 66.18 4.51 x 1011 330.91 1.28 2.21 33.75

13.01 (4500) (151 (0.058) (0.10) 11.53)
September 22, 1976 Dry 112.99 4.28 x 109 320.15 0.40 0.94 31.07

16.0) (501 (171 (0.021) (0.05) 11.65)
September 23, 1976 Dry 165.72 9.42 x 109 338.98 0.62 1.32 42.94

18.8) (110) (18) (0.0331 (0.07) 12.281
September 24, 1976 Dry 127.95 1.00 x 109 419.15 1.04 0.88 51.85

(5.8) (10) (19) 10.047) 10.04) 12.35)
September 25, 1976 Dry 52.73 1.71 x 1010 376.65 0.47 1.51 43.69

12.81 12001 (20) 10.025) 10.08) (2.32)
September 26, 1976 Dry 78.67 2.21 x 1011 439.60 1.27 3.24 54.60

13.41 (2100) (19) (0.055) (0.14) (2.36)
September 27, 1976 Wet 351.68 5.89 x 1011 1,665.85 3.24 7.40 221.19

13.8) (14001 (181 (0.0351 (0.08) 12.39)
September 28, 1976 Dry 19.59 3.12 x 1010 265.80 0.39 0.70 29.80

(1.4) (490) (19) 10.0281 (0.051 (2.13)
September 29, 1976 Dry 0.0 0.0 0.0 0.0 0.0 0.0

(1.4) (40) (22) 10.020) 10.05) (2.73)
September 30, 1976 Dry 64.35 1.91 x 1010 470.27 0.87 1.49 43.56

(2.61 11701 (19) 10.035) 10.06) (1.76)

Octal"" 1, 1976 Dry 126.77 4.65 x 109 531.61 0.90 1.64 39.87
16.21 1501 (26) (0.044) 10.08) (1.95)

October 2, 1976 Dry 52.73 1.37 x 1010 527.30 0.56 1.51 15.44
12.8) (160) (281 (0.0301 (0.08) 10.82)

October 5, 1976 Wet 486.41 1.12 x 10~2 1,413.71 7.23 21.94 166.5y,
16.0)b 13.045.11 07.4l b (O.089)b (0.27)b 12.05)

October 6, 1976 Wet 510.09 1.31 x 1012 1,530.26 5.87 10.20 198.08
(6.01 13,4001 (18) (0.0691 10.121 12.331

Summary Minimum 0.0 0.0 0.0 0.0 0.0 0.0
of Dry (0.41 (10) 1151 10.020) 10.041 (0.82)
Weather Maximum 165.72 4.51x1011 871.66 2.20 4.52 96.75
Data 18.81 (4,500) (28) (0.095) 10.24) (2.73)

Average 69.42 5.08 x 1010 382.39 0.80 2.66 36.34
(3.3) (567.2) (18.2) (0.0391 (0.10) 11.74)

Summary Minimum 43.91 8.86 x 1010 466.50 2.09 3.57 45.83
of Wet 11.61 (330) (17) (0.0351 (0.08) 11.311
Weather Maximum 581 1.31 x 1012 3,593.19 10.61 22.24 224.15

Data 16.01 (3,4001 (21) 10.089) 10.271 (2.391
Average 394.77 6.73 x 1011 1,733.90 5.81 13.07 171.16

14.2) (1,777.02) 118.3) (0.066) 10.146) (1.95)

Ratio Between Average 5.69 13.2 4.53 7.26 4.91 4.71
Daily Wet Weather and
Average Daily Dry weather 1.27 3.13 1.01 1.69 1.83 1.12
Transport and Concentra·
tion for Each Parameter
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Table 48 (continued)

Parameter, Transport, and Concentration

Biochemical
Oxygen Fecal Phosphate Total Total
Demand Coliform Chloride Phosphorus Phosphorus Nitrogen

Sampling Pounds Colonies per Pounds Pounds Pounds Pounds
Dates Sampling per Day Day (MFFCC per Day per Day per Day per Day

for Pk_1 c Condition (mg/ll per 100 ml) (mg/ll (mg/I) (mg/I) (mg/ll

September 7, 1976 Dry 50.39 1.34 x 1011 330.47 0.650 1.063 58.85
12.561 b 11.4981 b 116.791 b (0.033)b 1O.054}b (2.99)b

September 8, 1976 Dry 87.17 1.15 x 1011 329.68 0.782 2.459 44.70
13.90}b 11,1261 b 114.75)b (0.035)b 1O.111 b (2.00)b

September 9,1976 Wet 284.23 5.60 x 1011 568.45 2.368 5.211 75.32
16.0) (2,6oo) (12) (0.050) 10.111 (1.591

September 10, 1976 Dry 22.26 5.87 x 109 334.02 1.069 3.563 68.14
11.0) (58) (15) (0.048) (0.16) 13.061

September 11, 1976 Dry 25.57 1.25 x 1011 328.76 1.151 2.009 65.20
11.41 (1,500) 1181 10.0631 10.111 13.571

September 12, 1976 Dry 14.01 2.64 x 1011 200.16 0.641 1.001 39.93
11.41 (5,800) (201 (0.0641 10.10) (3.991

September 13, 1976 Dry 106.89 1.22 x 1012 423.09 1.158 2.672 100.87
14.81 (12,0001 (191 (0.0521 10.12) (4.53)

September 14, 1976 Dry 71.26 1.01 x 1011 311.75 0.468 1.336 56.56
(3.2) (1,000) (141 10.0211 (0.061 (2.54)

September 15, 1976 Dry 42.63 6.78 x 1010 378.97 0.829 1.658 77.93
(1.81 (630) (161 10.035) 10.071 (3.29)

September 16, 1976 Dry 41.70 6.36x '0'0 291.90 0.667 1.460 46.29
(2.01 1670) 114} 10.032} 1O.07} 12.22)

September 17, 1976 Dry 66.72 1.52 x '0'1 333.6 0.480 3.128 64.22
(3.2) (1,6001 (15) (0.023) 10.15) 13.081

September 18, 1976 Dry 19.60 1.96 x 10'1 293.99 3.489 4.116 59.38
(1.0) 12,2001 115} (0.178) 1O.21} 13.03)

September 19, 1976 Wet 49.63 8.42 x '0
"

469.07 1.234 2.788 103.57
(1.73Ib (6.459I b 116.35}b (0.043)b (0.097)b 13.611 b

September 20, 1976 Wet 111.19 4.14 x 1011 404.32 1.112 2.022 80.11
(4.4) 13,600) (161 (0.0441 10.08) 13.171

September 21, 1976 Dry 51.04 3.32 x 1010 238.19 0.800 1.191 42.70
(3.01 14301 (141 (0.0471 10.071 (2.511

September 22, 1976 Dry 142.51 6.38 x 1010 356.28 0.401 1.113 94.19
16.41 (6301 (161 (0.018) (0.051 (4.23)

September 23, 1916 Dry 41.70 3.89 x 10'0 354.45 0.521 0.834 71.72
12.01 (4101 1171 10.025) (0.041 (3.44)

September 24, 1976 Dry 34.09 2.76 x '0'0 182.65 0.329 0.487 43.96
(2.81 (500) 115) 10.027} 10.041 (3.611

September 25, 1976 Dry 35.28 4.45 x '0'0 313.58 0.921 1.764 110.93
(1.8) (500) 116} (0.0471 10.091 (5.66)

September 26, 1976 Dry 47.04 3.03x1011 372.38 1.529 2.940 109.95
(2.4) 13.4001 (19) (0.078) 1O.15) (5.611

September 27. 1976 Dry 57.85 5.72 x 1011 340.27 2.008 2.382 54.61
13.41 17.4001 (201 (0.118) 1O.14) (3.211

September 28, 1976 Dry 29.19 5.89 x 1010 437.85 0.897 1.043 82.36
11.4) (6201 1211 (0.043) 1O.05) (3.951

September 29, 1976 Dry 120.55 2.33 x 1010 310.50 0.475 0.731 56.25
16.61 (2801 (171 (0.026) 1O.04) 13.08)

September 3D, 1976 Dry 170.51 4.99 x 1010 313.58 0.647 1.372 62.52
18.71 (5601 (161 10.033) 1O.07} (3.19)

October " 1976 Dry 156.53 3.56 x 1010 272.22 0.221 0.510 30.64
(9.21 (4601 (161 10.0131 10.03) 11.801

October 2, 1976 Dry 71.46 7.73 x 1010 323.26 0.459 0.681 12.42
14.21 (1,000) (191 (0.0271 10.04) 10.731

October 5, 1976 Wet 690.11, 2.50 x 10'2 1,317.43 4.473 11.71y, 286.4'/,
(6.48) (5,717)b (12.37I b (0.042I b 10.111 12.691

October 6,1976 Wet 461.87 1.17 x 10'2 1,598.78 7.550 17.764 179.42
(5.2) (2,9001 1181 (0.0851 10.20) 12.02}

Summary Minimum 14.01 5.87 x 109 182.65 0.221 0.487 12.42
of Dry (1.0) (581 114) 10.013} 10.031 (0.73)
Weather Maximum 170.51 1.22 x '0'2 437.85 3.489 4.116 110.93
Data (9.2) 112,000) 121} (0.178) 10.211 (5.66)

Average 65.48 1.64 x 1011 320.50 0.895 1.718 63.23
13.40) 12,035.391 (16.72) 10.0471 1O.088} (3.271

Summary Minimum 49.63 4.14 x 1011 404.32 1.112 2.788 75.32
of Wet (1.73) (2,600) (121 (0.042) 10.08) 11.591
Weather Maximum 690.13 2.50 x 10 '2 1,598.78 7.550 17.764 286.49
Data (6.48) (6,459) 1181 10.0851 10.20) 13.611

Average 321.08 1.10 x 10'2 871.61 3.347 7.900 144.98
(4.761 14,2551 114.941 (0.0531 (0.121 (2.531

Ratio Between Average 4.90 2.66 2.72 3.74 4.60 2.29
Wet Weather and Average

Dry Weather Transport 1.40 2.09 0.89 1.13 1.36 0.77
and Concentrations for
Each Parameter

a'nsufficient data available to estimate transport On September 7 and October 3 and 4, 1976.

bFor days that multiple samples were collected, the concentrations are flow weighted.

Clnsufficient data available to estimate transport On October 3 and 4, 1976.

Source: SEWRPC.



from 3.6 to 15.0 cubic feet per second (cfs). There
fore, the substantial increase in the available dilu
tion water was more than offset by the increased
quantity of substances carried into the surface
waters for these five parameters by direct runoff
occurring as overland flow, through the storm
sewer system, or from the inflow of shallow
groundwaters. Instream chloride concentrations
did not show any significant change from wet
weather to dry weather conditions.

Transport: The instream transport of all six parame
ters increased on the wet weather day to a level
ranging from 2.2 times the average dry weather
transport for total nitrogen at Pk-1, to 13 times
the average dry weather transport for fecal coli
form bacteria at Pk-A. As shown in Figure 32,
the ratios of wet to dry weather transport are
much greater than the ratios of wet to dry wea
ther concentration.

Concluding Statement: The September and early
October 1976 surveys at the two sample locations
in the Pike River watershed indicated water quality
conditions satisfying the established temperature
standards in all instances, whereas dissolved oxygen
standards were violated more than 40 percent of
the time. About 63 percent of the dry weather fecal
coliform samples were greater than 400 MFFCC/
100 ml and 34 percent of the dry weather total
phosphorus concentrations exceeded the estab
lished standards, whereas all of the wet weather
rainfall and snowmelt-fecal coliform and phos
phorus concentrations exceeded the standards.

During a rainfall runoff event, the instream con
centrations of biochemical oxygen demand, fecal
coliform bacteria, phosphate, total phosphorus,
and total nitrogen were found to be. up to three
times greater than during dry weather periods. The
data suggest that violations of instream water
quality standards in the Pike River watershed
related to these constituents are more likely to
occur during wet weather than dry weather con
ditions. During a rainfall runoff event, average
daily transport of the above five consitutents, plus
chloride, to the Pike River estuary were up to
13 times greater than during dry weather periods.

Concluding Remarks
Surface Water Quality Studies
Certain observations may be made and conclusions
drawn based on the water quality data presented in
the preceding sections of this chapter. Some char
acteristics of dry and wet weather water quality

processes in the watershed may be identified and
an overall assessment may be made as to the degree
to which established water quality standards are
satisfied within the watershed. More particularly,
the following observations and conclusions are
based on the historic monitoring studies in the
Pike River watershed supplemented with analyses
of data and information drawn from studies of
other watersheds.

• Substandard water quality conditions, asso
ciated with high concentrations ofpollu
tants, are more likely to occur during wet
weather conditions than during dry weather
conditions and are attributable 1) to the
accumulation of pollutants on the land sur
face between rainfall and snowmelt events,
and the subsequent transport from the land
surface of pollutants to the stream system
by rainfall and snowmelt runoff, and 2) to
the resuspension of polluted streambed sedi
ments by the high stream velocities which
occur during runoff periods. It has been
noted, however, that the increased oxygen
demanding substances are initially offset by
the high dissolved oxygen content of runoff
waters, by increased aeration due to tur
bulence, and by other factors affecting the
surface water system as shown by a consis
tant increase in dissolved oxygen concen
tration during and immediately following
precipitation activity.

• The substantial increase in available dilution
water during a rainfall or snowmelt runoff
event is usually more than offset by the
increased quantity of potential pollutants
carried into the surface water by direct
runoff to the stream system which may
occur as overland flow, through storm sewer
and channel systems, or from shallow sub
surface groundwater inflow. One known
exception is the concentration level of
chloride which did not exhibit a marked
increase during the rainfall events which
were recorded in October.

• The ratio of wet weather to dry weather
transport is significantly greater than the
ratio of wet weather to dry weather con
centration because of the dilution effect in
the case of the latter. That is, wet weather
conditions generally have a much greater
impact on the mass of pollutants transported
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from the watershed to the harbor estuary
area and to Lake Michigan than on the con
centration of pollutants being transported.

• The temperature standard, which specifies
that surface water temperatures be less
than or equal to 890 F, appears to be met
virtually all of the time in the Pike River
watershed under both dry weather and
wet weather conditions.

• The pH standard, which specifies that pH be
within a range of 6.0 to 9.0 standard units,
appears to be met virtually all of the time
in the watershed during both dry and wet
weather conditions. Only one dry weather
sample on Waxdale Creek, recording a pH of
9.1, was found to exceed the standard range.

• The dissolved oxygen standard, which speci
fies a concentration greater than or equal to
5.0 milligrams per liter, appears to be met
about 80 percent of the time during both
dry and wet weather conditions in down
stream reaches of the Pike River watershed.
ThiE suggests that the oxygen demand
exerted by organic matter washed from the
land surface during rainfall and snowmelt
runoff events is initially offset by oxygen
entrained in the storm water runoff.
Upstream reaches of Pike River and Pike
Creek have generally lower dissolved oxygen
levels, probably due to the discharges from
the Village of Sturtevant and Town of
Somers wastewater treatment facilities and
from bottom sediment oxygen demand. The
dissolved oxygen levels in these upstream
reaches are generally increased following
storm events, indicating that the depressed
instream oxygen concentrations caused by
sewage treatment plant effluent are less than
the oxygen concentrations in surface water
runoff. The oxygen concentrations in runoff
are maintained or enhanced by the higher
stream reaeration coefficients which gener
ally occur during high flow periods.

• The fecal coliform standard, which speci
fies a fecal coliform count not exceeding
400 MFFCC/100 ml, appears to be exceeded
in the watershed about 56 percent of the
time during dry weather conditions and
virtually all of the time during wet wea
ther conditions.

• The total phosphorus standard of 0.1 milli
gram per liter appears to be satisfied about
80 percent of the time during dry weather
conditions but is violated almost all of the
time during wet weather conditions within
the watershed.

• The ammonia nitrogen standard is expressed
as 0.02 mg/l of un-ionized ammonia, a level
determined to be toxic to fish and aquatic
life. Measured ammonia nitrogen, stream
temperature, and pH are used for determin
ing the instream concentration of un-ionized
ammonia. Sample data collected in August
from 1972 through 1975 on Pike River and
Pike Creek indicated no violations of the
ammonia nitrogen standard. The standard
was violated about 10 percent of the time
during low flow periods in the upstream
portion of the watershed below the Sturte
vant sewage treatment plant.

• Ammonia nitrogen concentrations and con
centrations of other nitrogen forms may be
expected to increase or decrease during wet
weather conditions depending on the magni
tude of the base flow nitrogen concentration
which could be significantly higher or lower
than the nitrogen concentration of surface
runoff. The base flow concentrations are
characteristically high in Pike River upstream
of the confluence with Pike Creek and low
in Pike Creek and the downstream reaches
of the Pike River.

• Chloride concentrations in the surface waters
of the Pike River watershed are generally
high due to the presence of two municipal
sewage treatment facilities. The chloride
concentration is not significantly affected by
wet weather conditions. Sample data were
not recorded during periods of snowmelt, at
which time it is possible that an increase in
chloride loading could occur due to wash
off of accumulations of de-icing salt along
roadways. It is further noted that during
precipitation events, the transport loading of
chloride does increase by 200-400 percent.

• The concentrations of heavy metals in the
Pike River watershed were found to be
generally within the limits of the recom
mended standards based on the limited data



available. However, one sample did indicate
a possible excessive instream concentration
of mercury, recording a level of 2.2 ug/l
compared to a recommended standard of
0.05 ug/I.

• The available sample data were not adequate
to establish the presence of a PCB pollution
problem because the recommended PCB
standard of 0.001 mg/l is much lower than
the determinant capability of the laboratory
procedure used in collecting the available
data-0.05 mg/I.

• The benthic community of the Pike River
watershed is composed primarily of large
populations of pollution-tolerant species,
which are generally indicative of polluted
conditions.

• Of the eight potential types of surface water
pollution-toxic, organic, nutrient, patho
genic, thermal, sediment, radiological, and
aesthetic-all but thermal and radiological
pollution are known to exist to some degree
in the Pike River watershed.

• The surface waters of the Pike River water
shed generally do not meet the established
water use objectives. Although the levels of
some critical parameters such as pH and
temperature are met most of the time, other
parameters such as dissolved oxygen, phos
phorus, amonia nitrogen and fecal coliform
levels are in excess of recommended stan
dards at least some of the time.

• Violations of the water quality standards
associated with the warmwater fishery water
use objective have been documented in the
upstream reaches of the Pike River and Pike
Creek. These violations are related to dis
solved oxygen levels caused by oxygen
demanding materials in bottom sediments
as well as organic and ammonia nitrogen in
sewage treatment plant discharges during
periods of low flow.

• The recreational water use objective is not
satisfied in 'the Pike River watershed pri
marily due to fecal coliform bacteria pres
ent in the surface waters and also due to
nutrient concentrations in excess of the
recommended standards, which provide the
potential for aquatic weed growth.

POLLUTION SOURCES

An evaluation of water quality conditions in
the Pike River watershed must include an iden
tification, characterization and, where feasible,
quantification of known pollution sources. This
identification, characterization and quantification
of pollution sources is intended to aid in deter
mining the probable causes and sources of the
water pollution problems discussed earlier in this
chapter. The following types of pollution sources
have been identified in the watershed and are
discussed below: municipal and private sewage
treatment facilities, sanitary sewer system over
flows, industrial wastewater discharges, and urban
and rural storm water runoff.

The schematic representation of the average annual
volume of water passing through various paths in
the hydrologic cycle of the Pike River watershed is
shown in Figure 33. The hydrologic budgets were
prepared using the hydrologic simulation model
described in Chapter VIn of this report, supple
mented with municipal, private and industrial
point source discharge data collated from the
Wisconsin Pollution Discharge Elimination System
(WPDES). The flow associated with each of the
above pollution sources reaches the surface water
of the watershed by one or more of the flow paths
shown in Figure 33. For example, pollutants dis
charged from storm sewer outfall points will be
transported as wet weather flow and surface runoff
to the stream system. Diffuse source pollutants
will move along both the wet weather and dry
weather-groundwater-routes from their point of
origin to the stream system.

Point Source Pollution
Point source pollution is defined as pollution
which is discharged to the surface waters at dis
crete locations. Examples of such discrete dis
charge points include sanitary sewerage system
flow relief devices, sewage treatment plant dis
charges, and industrial discharges. The point
sources existing within the watershed as of 1979
are located on Map 34.

Municipal Sewage Treatment Facilities: Two
municipal sewage treatment facilities exist in the
Pike River watershed: The Village of Sturtevant
sewage treatment plant and the Town of Somers
Sewer Utility District No. 1 sewage treatment
plant. The Village of Sturtevant treatment plant
was scheduled for abandonment, with the tribu
tary service area to be connected to the City of
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Figure 33

AVERAGE ANNUAL HYDROLOGIC BUDGET FOR
THE PIKE RIVER WATERSHED: 1979 CONDITIONS

that have been or will be undertaken to accomplish
those recommendations. The base year for the data
on the sewage treatment facilities is 1979.

EVAPOTRANSPIRATION 20.1" (55,250 ACRE FEET)

The following descriptions of the municipal sewage
treatment plants operating in the watershed include
data and information about the location of the
facilities, the manner in which they are financed
and operated, the history of their construction and
subsequent development, the size and characteris
tics of their service areas, the level of treatment
and the type of treatment processes, the hydraulic
capacity of the facilities, and the quality of their
discharges. Recommendations in the adopted
regional water quality management plan 8 con
cerning each plant are discussed, as are the steps

Racine sewerage system in March 1980. In addi
tion, two private wastewater treatment facilities
were recently abandoned within the watershed.
The Saint Bonaventure Seminary private treatment
facility in the Village of Sturtevant was abandoned
in December of 1979 and the seminary service area
was connected to the Village of Sturtevant sanitary
sewerage system. The American Motors Corpora
tion private wastewater treatment facility in the
Town of Somers was abandoned in October of
1977 and the wastewater is now discharged to
a 10,000 gallon holding tank that is serviced by
a private waste hauler.

Service Area: In 1979 the Sturtevant Facility served
about 4,600 persons residing in a 0.83-square-mile
service area as shown on Map 8. The entire area
tributary to the Sturtevant facility is served by
a separate sanitary sewer system.

Type and Level of Treatment and Receiving Stream: The
treatment plant incorporates primary and secon
dary waste treatment processes and advanced
treatment for phosphorus removal, and provides
auxiliary waste treatment for effluent disinfection.
Wastewater treatment unit processes incorporated
into the plant include primary sedimentation, trick
ling filter, final clarification, chemical treatment
for phosphorus removal and chlorination. Sludge
solids removed from the secondary clarifer are
returned to the comminutor wet well. Sludge
solids removed from the primary clarifer are wasted
to an anaerobic digestion system and pumped
to sludge storage lagoons prior to application as
a liquid on agricultural lands. The treated effluent
from the plant is discharged to Waxdale Creek
in the southwest one-quarter of U. S. Public
Land Survey Section 22, Township 3 North,
Range 22 East.

Village of Sturtevant Sewage Treatment Plant: As
shown on Map 34, the village of Sturtevant sewage
treatment plant is located adjacent to the Chicago,
Milwaukee, St. Paul & Pacific Railroad right-of-way
and Waxdale Creek in the Village of Sturtevant.
Selected information for this treatment facility is
set forth in Table 49. Management of the Village
of Sturtevant sanitary sewer system is under the
direction of the Village Board. Day to day admin
istration of the system is provided by the water
and sewer committee of the Board together with
the staff of the Village Department of Public
Works. Financing of the system is provided
through a sewer service charge. The charge ranges
from $6.15 for a 5/8-inch water meter to $12.20
for a 1-1/2-inch meter with a $0.77 per 1,000 gal
lon volume charge on a quarterly basis. Following
connection of the Sturtevant collection system to
the City of Racine wastewater treatment facility,
the Village will increase the sewer service charge to
a quarterly base charge of $13.40 with an addi
tional $1.35 per 1,000 gallon volume charge.

LAND SURFACE

~~+~~~I~E:.~~L~~r~~~13.3"
OS,500 ACRE FEET)

MUNICIPAL AND INDUSTRIAL FLOW
1.1" (3,000 ACRE FEET)

GROUNDWATER FLOW
3.1" (8,500 ACRE. FEET}

Source: SEWRPC.

8See SEWRPC Planning Report No. 30, A Regional
Water Quality Management Plan for Southeastern
Wisconsin: 2000.

The plant has an average hydraulic design capacity
of 0.30 million gallons per day (mgd), a peak
hydraulic design capacity of 0.50 mgd, and an

208



Map 34

POINT SOURCES OF POLLUTION IN THE PIKE RIVER WATERSHED: 1979

A total of 18 known point sources of pollution existed

in the Pike Aiver watershed in 1979. These consisted of
eight sanitary sewer flow relief devices which discharge
raw sewage to the river system during wet weather
and/or mechanical failure of pumping facilities. two
municipal sewage treatment plants. and eight outfalls
which discharge primarily noncontact cooling waters
from five industrial sources.
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Table 49

SELECTED CHARACTERISTICS OF PUBLIC SEWAGE TREATMENT
FACILITIES IN THE PIKE RIVER WATERSHED: 1979

Name

Village of
Sturtevant

Town of

Somers
Utility
District
No.1

Estimated
Total Area

Served
(square miles)

0.83

0.29

Estimated
Total

Population
Served

4,600

900

Dates of
Original

Construction
and Major

Modifications

1959
1974

1964

197B

Design Capacity

Average Peak
Average Organic

Treatment Provided
Receiving Hydraulic Hydraulic Pounds Population

Type Level Stream Population8 Imgd) Imgdl BOO5/Day Equ ivalent
a

Trickling Filter Secondary Waxdale Creek 2,500 0.30 0.50 425 2,025
Phosphorus Advanced

Removal
Disinfection Auxilliary

Activated Sludge Secondary Somers Branch N/A 0.13 0.29 210 1,000
of Pike Creek

Disinfection Auxilliary

NOTE: N/A indicates data not available.

BThe population design capacity for a given sewage treatment facility was obtained directly from engineering reports prepared by or for the local unit of government operating the facility and reflects
assumptions made by the design engineer. The population equivalent design capacity was estimated by the Commission staff by dividing the design 80D

5
1oading in pounds per day, asset forth in the

engineer reports, by an estimated per capita contribution of 0.21 pound of 80D
5

per day. If the design engineer assumed a different daily per capita contribution of 80D
5

the population equivalent
design capacity will differ from the population design capacity shown in the table.

Source: SEWRPC.

organic design capacity of 425 pounds of five-day
biochemical oxygen demand (BOD5) per day.
During 1979, the average annual and maximum
monthly hydraulic loadings to the plant-including
wet weather flow that was allowed to bypass the
treatment plant-were reported to be 0.73 and
1.72 mgd respectively, while the average annual
and maximum monthly organic loadings were
determined to be 828 and 1,052 pounds of BOD5
per day respectively, indicating that the plant is
operating substantially above its design capacity.
Bypassing was reported in February, March, April,
and May of 1979.

Recommendations of the Regional Water Quality Manage·
ment Plan and Implementation Status: The adopted
regional water quality management plan recom
mends the abandonment of the Village of Sturte
vant wastewater treatment facility and connection
of the tributary collection system to the City of
Racine wastewater treatment facility. The trunk
sewer that will accomplish this connection is cur
rently under construction and is to be completed
in March of 1980.9

9 On March 28, 1980, the trunk sewer to Racine
was completed and the Village of Sturtevant sewer
service area was connected to the Racine system,
with the concomitant abandonment of the Sturte
vant sewage treatment plant.
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Town of Somers Utility District No.1 Wastewater
Treatment Facility: As shown on Map 34, the
Town of Somers Utility District No. 1 sewage
treatment plant is located adjacent to the Somers
Branch of Pike Creek and immediately east of the
Chicago, Milwaukee, St. Paul & Pacific Railroad
right-of-way in the Town of Somers. Selected
information for this treatment facility is set forth
in Table 49. Management of the Town of Somers
Utility District No. 1 sanitary sewerage system is
under the direction of the Town Board. Day to
day administration of the system is also provided
directly by the board members. Financing of the
system is provided in part through a quarterly ser
vice charge of $30.00 per residential sewer connec
tion and in part through the District tax levy.

Type and Level of Treatment and Receiving Stream: The
plant incorporates primary and secondary waste
treatment processes, as well as auxiliary waste
treatment for effluent disinfection. The plant was
expanded in 1978 providing a similar level of treat
ment with an additional 100,000 gallons per day
capacity. Wastewater treatment unit processes
incorporated into the plant include extended
aeration, activated sludge, final clarification, and
disinfection. Sludge solids removed from the
clarifier are transported to sludge lagoons for
storage prior to transfer to the City of Kenosha
treatment plan for final treatment. The compre
hensive plan for the Kenosha Planning District



recommended that this sewage treatment facility
be abandoned and its sewer service area connected
to the City of Kenosha sanitary sewerage system as
trunk sewer service becomes available.

The plant has an average hydraulic design capacity
of 0.13 mgd, with a peak hydraulic design capacity
of 0.29 mgd and an organic capacity of 210 pounds
of BOD5 per day. During 1979, the average annual
and maximum monthly hydraulic loadings to the
plant were reported to be 0.13 and 0.32 mgd
respectively, while the average annual and maxi
mum monthly organic loadings were determined to
be 158 and 275 pounds of BOD5 per day, indi
cating that the plant is currently operating over the
average design capacity. There was no reported
effluent bypassing activity from the Somers plant
in 1979. The treated effluent from the plant is
discharged to Somers Branch in the Southeast
one-quarter of U. S. Public Land Survey Section 9,
Township 2 North, Range 22 East.

Recommendations of the Regional Water Quality Manage
ment Plan and Implementation Status: The adopted
regional water quality management plan recom
mends the eventual abandonment of the Town of
Somers Utility District No.1 facility and connec
tion to the City of Kenosha wastewater collection
system. Construction of the trunk sewer connec
tion is currently underway and is being completed
in segments extending north from the Kenosha
wastewater treatment facility. In 1979 a connect
ing trunk sewer was completed by the City of
Kenosha to 18th Street and 26th Avenue extended
with the remainder of the sewer to continue north
and follow the general drainage pattern of the Pike
River and Pike Creek to the Somers Branch of Pike
Creek where the connection will be completed. As
of 1979 about 5.7 miles of the 11.8 mile trunk
sewer were completed and in service. The regional
water quality management plan recommends that
the portion of the trunk sewer project to the Town
of Somers Utility District No.1 be completed by
1990 and that District's sewage plant be aban
doned at that time.

Quantity and Quality of Municipal Point Source
Discharges: Data presented on the quantity and
qulility of municipal waste discharges were obtained
from the 1979 monthly reports prepared as part
of the Wisconsin Pollution Discharge Elimination
System permit process. That data indicate that
the average annual total volume contributed by
municipal sources to the surface waters of the Pike
River watershed is 0.86 million gallons per day-

equivalent to an estimated 0.35 inch of water
annually over the land surface of the watershed.
In 1975 this wastewater source contributed an
estimated 70,000 pounds of suspended solids,
64,020 pounds of biochemical oxygen demand,
4,620 pounds of total phosphorus, 24,070 pounds
of total nitrogen, and 13,000,000 counts of fecal
coliform to the surface waters of the watershed.
A comparison of the average annual transport of
these substances from the watershed as presented
later in this chapter indicates that the annual con
tribution from municipal point sources of these
constituents constitutes less than 0.1, 5.0, 6.5, 4.1,
and 51.3 percent respectively of the total average
annual transport from the watershed.

As indicated in Figure 33, the average annual flow
from the Pike River watershed, including point
source discharge, is equivalent to 13.30 inches over
the land surface of the watershed, with 1.15 inches
being contributed by point sources. The annual
contribution of the municipal discharges including
the Sturtevant and Somers municipal sewage treat
ment plants is equivalent to 0.35 inch, or 30 per
cent of the total point source flow contribution
and about 3 percent of the total average annual
hydraulic budget.

Sanitary Sewerage System Flow Relief Points: In
addition to sewage treatment plant effluent, raw
sanitary sewage enters the surface water system
of the Pike River watershed either directly from
sanitary sewer overflows or indirectly via flow
relief devices to separate storm sewer systems.
This direct or indirect conveyance of sanitary
sewage to the watershed's surface water system
occurs through various types of flow relief devices
as a result of one or more of the following con
ditions: inadequate sanitary sewage conveyance
facilities, excessive infiltration and inflow of clear
water during wet weather conditions, and mecha
nical and/or power failures at sanitary sewage
pumping facilities.

In order to prevent damage to residential dwell
ings or the mechanical elements of the convey
ance system due to one of the aforementioned
system failures, a sanitary sewage flow relief device
is provided.

Flow Relief Devices-Types and Characteristics: The
four types of flow relief devices usually found in
municipal sanitary sewerage systems-crossovers,
bypasses, relief pumping stations, and portable
pumping stations-may be defined as follows:
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1. 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; or by
which combined sewers discharge a por
tion of their flow, by gravity, into storm
sewers to alleviate sanitary or combined
sewer surcharge.

2. Bypass-A flow relief device by which sani
tary sewers entering a lift station, pumping
station, or sewage treatment plant can dis
charge a portion or all of their flow, by
gravity, into a receiving body of surface
water to alleviate sewer surcharge. Also,
a bypass is a flow relief device by which
trunk, main and lateral sewers can discharge
a portion or all of their flow by gravity into
a receiving body of surface water to alleviate
intercepting or main sewer surcharge.

3. Relief Pumping Station-A flow relief device
by which flows from surcharged trunk or
main sewers are discharged into storm sewers
or directly into a receiving body of surface
water through the use of permanent lift or
pumping stations.

4. Portable Pumping Station-A point of flow
relief device at which flows from surcharged
sanitary sewers are discharged into storm
sewers or directly into a receiving body of
surface water through the use of portable
pumping units.

Of the four types of sanitary sewerage system flow
relief devices, the sanitary sewerage system bypass
always discharges directly to surface waters and
therefore is located near rivers and streams. Cross
overs always convey flow from a sanitary sewer to
a storm sewer and, therefore, need not be located
near rivers and streams but may be found any
where in the sewered portions of urban areas.
Because relief and portable pumping stations may
convey flow either to storm sewers or directly to
surface waters, these two flow relief devices may
also be found anywhere in the sewered portions
of urban areas. The single most important aspect
of these flow relief devices is that each provides
a mechanism whereby raw sanitary sewage can
be discharged directly to the surface waters of
a watershed, thereby posing a surface and ground
water pollution threat in general, and a severe
public health hazard in particular.
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Number and Location of Flow Relief Devices in
the Watershed: As discussed in Chapter IX, the
Wisconsin Pollution Discharge Elimination System
(WPDES) has been established by Wisconsin Stat
utes Chapter 147. This operational permit system
provides a good source of information concerning
the number, type, and location of the two types of
sanitary sewer system relief points found in the
Pike River watershed. In addition, information was
also obtained from the Infiltration/Inflow Analysis
for the City of Kenosha Service Area: 1977.

Table 50 summarizes by receiving stream and sew
erage system the type and number of flow relief
devices in the watershed. The spatial distribution
of these devices is shown on Map 34. A total of
eight flow relief devices are known to exist in
the Pike River watershed-one of which bypasses
a sewage treatment plant, one bypasses a sewage
pump station, and six allow sanitary sewage to
crossover from the sanitary sewerage system into
the storm sewerage system.

Although the Pike River watershed includes por
tions of the urbanized areas of the Cities of Racine
and Kenosha, there are no known combined sewer
overflows from the sewerage systems of these com
munities to the surface waters of the watershed.
None of the area of the watershed is served by
combined sewers.

Quantity and Quality of Flow Relief Device Dis
charges: The average annual discharge from the six
crossovers and two bypasses directly or indirectly
to the Pike River watershed surface waters is esti
mated to be a relatively small volume, only 3 per
cent of the total point source flow contribution to
the average annual hydrologic budget. The single
sewage treatment plant bypass contribution has
been considered in the previous municipal point
source portion of this chapter. The average annual
discharge of a typical flow relief device within the
Region has been estimated to total 2 million gal
lons. 10 Therefore, the average annual flow contri
buted by the seven flow relief devices not asso
ciated with a municipal sewage treatment plant
bypass in the Pike River watershed is estimated at

10 See Chapter III of SEWRPC Technical Report
No. 21, Sources of Water Pollution in Southeastern
Wisconsin: 1975.



Table 50

KNOWN SEWAGE FLOW RELIEF DEVICES IN THE PIKE RIVER WATERSHED: 1979

Sewage Flow Relief Devices in the Sewer Systema

Sewage Treatment Relief Portable Combined
Receiving Sanitary Plant Flow Pumping Pumping Sewer
Stream Sewer System Relief Device Crossovers Bypasses Stations Stations Outfalls Total

Pike River City of Kenosha -- 6 -- -- -- -- 6
Waxdale Creek Village of Sturtevant Bypassb

1-- -- -- -- --
Pike River Town of Mt. Pleasant -- -- 1b -- -- -- 1

Total 1 Bypass 6 1 -- -- -- 8

a Based on Wisconsin Pollution Discharge Elimination System Permits, 1979.

b The Village of Sturtevant sewage treatment plant bypass in the Village of Sturtevant and the Creuziger lift station bypass in the Town of
Mt. Pleasant were abandoned upon completion of the Sturtevant to Racine trunk sewer in March of 1980.

Source: Wisconsin Department of Natural Resources, Infiltration/Inflow Analysis for Kenosha Service Area, and SEWRPC.

14 million gallons, or approximately 4 percent of
the total sanitary sewage generated within the
watershed in 1979.

A review of the data available11 ,12 on the quality
of discharges from crossovers, bypasses, and relief
and portable pumping stations supports an assump
tion that the wastewaters discharged are generally
characterized by an average concentration of
30 mg/l of suspended solids, 30 mg/l of biochemi
cal oxygen demand, 1 mg/l of total phosphorus,
3 mg/l of total nitrogen, and 100,000 fecal coli
form colonies per 100 m!' These concentrations
compare respectively to 155 mg/l of suspended
solids, 130 mg/l of biochemical oxygen demand,
10.5 mg/l of total phosphorus, 20 mg/l of total
nitrogen, and extremely high and variable levels of
fecal coliform in raw sanitary sewage. Although
these concentrations represent average pollutant

11 See SEWRPC Planning Report No. 26, A Compre
hensive Plan for the Menomonee River Watershed,
Volume Two, Alternative Plans and Recommended
Plan, October 1976.

12 See SEWRPC Technical Report No. 21, Sources
of Water Pollution in Southeastern Wisconsin: 1975.

levels for the entire period that discharge occurs
through a flow relief device, much higher concen
trations are likely to occur at the beginning of the
discharge event because of the first flush of solids
accumulated in the sanitary sewers.

Applying these concentrations to the 1975 esti
mated total flow relief device discharge of 15 mil
lion gallons per year results in average annual
contributions of suspended solids, biochemical
oxygen demand, total phosphorus, and total
nitrogen to the surface waters of, respectively,
3,750, 3,75~3130, and 380 pounds and an average
of 5.7 x 10 fecal coliform counts. A comparison
of these loads with the average annual transport of
the same substances from the watershed-as pre
sented later in this chapter under the subtopic of
"nonpoint source pollution"-indicates that the
annual contribution from crossovers and bypasses
of these chemical and biological constituents con
stitutes less than 1 percent of the average annual
transport of suspended solids, biochemical oxygen
demand, total phosphorus and total nitrogen, and
2 percent of the average annual transport of fecal
coliform bacteria from the watershed. Therefore,
the pollution load contributed by flow relief
devices is small compared to the pollution load
contributed by other sources in the watershed.
However, as noted in the following paragraphs, this
source of pollution is a significant problem which
should be eliminated.
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Concluding Statement: Significance of Flow Relief
Devices: While the above analyses indicate that the
flow relief devices contribute a relatively small por
tion of the total pollution load to the surface
waters of the Pike River watershed, pollutant con
centrations from such flow relief devices constitute
serious local health hazards and create objection
able aesthetic conditions. Therefore, efforts should
be continued to eliminate the discharge of sanitary
sewage through flow relief devices. Disease-carrying
bacteria, viruses, and other organisms are likely
to be concentrated in backwater pools or on the
ground in the vicinity of flow relief devices during
and immediately after precipitation events; and
these organisms and the diseases they carry could
be contacted by unwary individuals, particularly
children who may not understand the hazardous
situation. Furthermore, health considerations aside,
the appearance of and odors associated with raw
human waste in the streams, particularly in an
urban area, constitute a disgusting and highly
objectionable condition from a strictly aesthe
tic perspective.

It is noteworthy that the identification of flow
relief devices has important implications not only
for the resolution of public health hazards and
aesthetic nuisance conditions as discussed above,
but also for the resolution of sanitary sewer sur
charge with attendant structure water damage,
public health hazards, and operating problems at
sewage treatment plants. The presence and fre
quent operation of flow relief devices are sympto
matic of sanitary sewers being surcharged by excess
sanitary sewage flows not anticipated in the design
of the system; of excessive clear water entering the
system during rainfall-snowmelt events as inflow
through flooded manhole covers and through down
spouts, footing tile drains, and sump pump dis
charge lines connected directly to the sanitary
sewer system; and of groundwater infiltration
through cracked or broken joints, pipes, and man
hole walls.

The presence of extensive amounts of sewage
and/or clearwater in the sanitary sewer system may
cause basement flooding as sanitary sewers backup
into basements and may also cause hydraulic over
loads at sewage treatment plants. The latter condi
tion necessitates the bypassing of untreated sewage
and sometimes leads to damage to treatment units
and pumping facilities. The first problem-a com
bination "flood" damage and health hazard prob·
lem-is of direct concern to individual property
owners, while the second is of concern to public
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officials charged with the responsibility of oper
ating sewage treatment facilities so as to provide
adequate treatment while protecting costly equip
ment from damage.

Consequently, a reduction in the frequency of
operation and, to the extent possible, the elimina
tion of flow relief devices is desirable. Some steps
toward the solution of sanitary sewerage bypass
problems are: 1) eliminate excessive wet weather
clearwater infiltration and inflow to the sanitary
sewer system; 2) provide additional capacity at
locations where the hydraulic capacity of the
sanitary sewer system is not adequate to handle
residual extreme wet weather flow condition prob
lems; and 3) provide a backup power supply at
sanitary sewerage pump stations to insure that, in
the event of power failure for extended periods
of time, it would not be necessary to bypass raw
sewage to surface waters or to back raw sewage
into the basements of buildings.

In summary, while flow relief devices may not con
tribute a significant proportion of the total pol
lution loading to the Pike River relative to other
pollution sources, the identification and elimi
nation of all potential sanitary sewage bypass
situations in the system to the greatest extent
practicable are important for the following rea
sons: flow relief devices are likely to constitute
severe public health hazards in the immediate
vicinity of the discharge point; they may be
expected to cause objectionable aesthetic con
ditions in the receiving streams; and they are
symptomatic of excessive clear water entering into
the sanitary sewer system and creating potential
basement flooding, attendant health hazards, and
hydraulic overloads at sewage treatment facilities.

Industrial Discharges: There are five industrial
plants with wastewater outfalls that discharge
wastewater to the surface waters of the Pike River
watershed. However, these all discharge only spent
cooling waters either directly or indirectly to the
surface water system. These spent cooling waters
enter the Pike River and its major tributaries as
direct discharge or via a storm sewer system. These
discharges are of concern primarily because they
may contain excessive heat, or may contain toxic
substances as well as other pollutants that have
a potential to cause problems in the surface waters.

Number and Location of Industrial Discharges: As
described in Chapter IX, the Wisconsin Pollution
Discharge Elimination System (WPDES) has been



Table 51

SELECTED INFORMATION ON KNOWN INDUSTRIAL WASTEWATER OUTFALLS IN THE
PIKE RIVER WATERSHED BY RECEIVING STREAM AND CIVIL DIVISION: 1979

Number Reported Average
Reported Wastewater Discharge Characteristics8

of Cooling Annual Hydraulic Suspended Total Total
Receiving Civil Water Discharge Rate BOD Solids Phosphorus Nitrogen

Name Stream Division Outfalls (gallons/day) (mg/IT (mg/Il Img/Il (mg/ll

Ametek-Lamb Electric Sorenson Creek Town of Mt. Pleasant 2 21,000 3.9 8.4 0.0 N/A
via storm sewer

J. I. Case Company Pike River Town of Mt. Pleasant 1 430,000 2.1 3.2 0.16 N/A
Transmission Plant

Rex nord, Incorporated Pike River Town of Mt. Pleasant 1 120,000 26.3 45.0 18.6 N/A
Hydraulic Component
Division

S. C. Johnson & Son, Inc. Waxdale Creek Town of Mt. Pleasant 3 1,365,000
b b ..b .-b.. .-

Metal-Lab., Incorporated Pike River Town of Mt. Pleasant 1 288 --c _.c --c --c

via storm sewer

Reported Wastewater Discharge Characteristics8

Heavy Metals

Fecal Oil and Total Total Total Total Total Total
Col iform Bacteria Sulfate Chloride Grease Temperature Chromium Copper Lead Manganese Nickel Zinc

Name (number per 100 mil (mg/I) (mg/l) (mg/ll °c (mg/l) (mg/I) (mg/ll (mg/l) (mg/l) (mg/ll

Ametek-Lamb Electric N/A 0.0 0.0 N/A 22 0.00 0.00 0.00 0.00 0.00 0.00
J. I. Case Company N/A 45 30 16.5 20 N/A N/A N/A N/A N/A N/A

Transmission Plant
Rexnord', Incorporated N/A 136.5 21.7 27.0 18 0.01 0.09 0.Q1 1.07 0.Q1 0.17

Hydraulic Component
Division

S. C. Johnson & Son, Inc. b b b b 15
b b b --b _.b --b-- .. -. _. -- .- --

Metal·Lab.• Incorporated .-c c c c c --c .-c .-c ..c --c --c-- -. --

NOTE: N/A indicates data not available.

a Based on 1979 industrial effluent reporting forms on file with the Wisconsin Department of Natural Resources as required under Section NR 101 of the Wisconsin Administrative Code.

b Temperature is the only reported wastewater discharge characteristic as this cooling water contains no significant amount of any other pollutant parameter.

c Operation$ at this industry result in the discharge of a small amount of noncontact cooling water free of chemical additives.

Source: Wisconsin Department of Natural Resources and SEWRPC.

established by the Wisconsin Department of
Natural Resources in order to monitor and control
point sources of pollution throughout the state.
Data provided by this system were used to deter
mine the type and location of industrial discharges
in the Pike River watershed.

Table 51 summarizes by receiving stream and civil
division the number of industrial wastewater out
falls in the watershed and their respective discharge
characteristics and Map 34 illustrates their location

in the watershed. Of the total of five industries dis
charging wastewaters through the eight outfalls
known to exist in the watershed, Table 51 indi
cates that all of the outfalls discharge noncontact
spent cooling waters. Five of the eight industrial
wastewater outfalls discharge directly to the sur
face waters of the Pike River watershed.

Quantity and Quality of Industrial Discharges:
Data presented on industrial discharges are 1979
data from the annual report of the Wisconsin
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Pollution Discharge Elimination System. Table 51,
which was prepared using that data base, indicates
that the average annual total volume of discharge
contributed by industrial sources to the surface
waters of the Pike River watershed is 1.94 million
gallons per day, equivalent to 0;79 inch of water
annually over the land surfaces of the watershed.

The average annual flow from the Pike River water
shed including point source discharge is equivalent
to 13.3 inches over the land surface of the water
shed, with 1.15 inches being contributed by point
sources. The annual contribution of the five indus
trial plant discharges is equivalent to 0.79 inch,
or 67 percent of the total point source flow contri
bution and 9 percent of the total average annual
hydraulic budget.

The concentrations of pollutants and the quantity
of discharge from industrial point sources may be
expected to exhibit a wide variation from source
to source and, in some cases, from time to time at
a given source. For the Pike River watershed, how
ever, all point source discharges are noncontact
cooling water that normally contain and transmit
insignificant amounts of pollutants to the surface
waters. Therefore, the annual pollutant load con
tributed by the five industrial point sources in the
Pike River watershed is small compared to the
annual pollutant load contributed by other sources
in the basin.

Nonpoint Source Pollution
Definition and Characteristics of Nonpoint Source
pollution: Nonpoint source pollution, also referred
to as diffuse source pollution, consists of various
discharges of pollutants to the surface waters
which cannot be readily identified as point sources.
Nonpoint source pollution is transported from the
rural and urban land areas of a watershed to the
surface waters by means of direct runoff from the
land via overland routes, via storm sewers and
channels, and by interflow during and shortly after
rainfall or rainfall-snowmelt events. Nonpoint
source pollution also includes pollutants conveyed
to the surface waters via groundwater discharge
baseflow-which is a major source of streamflow
between runoff events.

The distinction between point and nonpoint
sources of pollution is somewhat arbitrary since
a nonpoint source pollutant, such as sediment
being transported in overland rainfall runoff, can
be collected in open channels or in storm sewers
and conveyed to points of discharge, such as
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a storm sewer outfall. Thus, for purposes of this
report, nonpoint source pollution includes sub
stances washed from the land surface or subsurface
by rainfall and snowmelt runoff and then conveyed
to the surface waters by that runoff, even though
the entry into the surface waters may be through
a discrete location such as a storm sewer outfall.

Nonpoint source pollution is similar in composi
tion to point source pollution in that it can cause
toxic, organic, nutrient, pathogenic, sediment,
radiological, and aesthetic pollution problems.
Nonpoint source pollution is becoming of increas
ing concern in water resources planning and engi
neering as efforts to abate point source pollution
become increasingly successful. The control of
nonpoint source pollution is a necessary step in
the process of improving surface waters to render
such waters suitable for full recreational use and
a healthy fishery.

Nonpoint source pollution generally differs from
point source pollution in one important aspect:
nonpoint source pollution is transported to the
surface water at a highly irregular rate in that
large portions of the overall transport occur
during rainfall or snowmelt events. In the dry
period after washoff events, potential nonpoint
source pollutants gradually accumulate on the land
surface as a result of man's activities, becoming
available for transport to the surface waters during
the next runoff event (see Figure 34). The follow
ing activities of man, or effects of man's activities,
result in nonpoint source pollution: 1) dry fallout
and washout of atmospheric pollution; 2) vehicle
exhaust and lubricating oil and fuel leakage; 3) the
gradual wear and disintegration of tires, pavements,
structures, and facilities; 4) improper disposal of
grass clippings and leaves; 5) improperly located
and maintained onsite wastewater disposal systems;
6) poor soil and water conservation practices;
7) improper management of livestock wastes;
8) excessive use of fertilizers and pesticides;
9) debris, careless material storage and handling,
and poor property maintenance; 10) construction
and demolition activity; 11) application of deic
ing salts and sand; 12) streambank erosion; and
13) domestic and wild animal litter.

With respect to spatial distribution, the potential
source of nonpoint source pollution in the Pike
River watershed consists of its entire 51.5-square
mile surface. The results of the examination of the
available data sources and the application of several
analytical techniques are presented in following



Figure 34
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sections to illustrate some characteristics of non
point source pollution and to indicate its impor
tance relative to point source· pollution in the Pike
River watershed. The following discussion addresses
the types of nonpoint sources of water pollution in
the Pike River watershed.

Residential Land Use: The concentration of
people, domestic structures, and activities in
residential areas and the alteration of the natural
drainage and infiltration characteristics results in
the production and release of nonpoint source
water pollutants. Runoff from lawns, rooftops,
driveways, sidewalks, and unused land is channeled
through drainageways and streets and is trans
ported directly, as overland flow, or indirectly,
through storm sewerage systems, to surface waters.
Pollutant sources associated with residential land
uses include street debris, fertilizers, pesticides, pet
wastes, garbage and litter, vegetation, degraded sur
face coatings such as paint particles, and detergent.
Surface runoff from precipitation events and from
urban activities within residential areas, such as
lawn sprinkling or automobile washing, release
pollutants to the environment.

Commercial Land Use: The high percentage of
impervious area and attendant high runoff rates,
together with the intense activity and accumula-

tion of litter and debris, make commercial land
a significant contributor of nonpoint source pollu
tants. Rainfall and snowmelt runoff from roOftops,
parking lots, buildings, alleys, streets, loading docks
and work areas, and adjacent sidewalks and open
areas contribute sediment, oxygen demanding sub
stances, dissolved substances, nutrients, toxic and
hazardous substances, oil, grease, bacteria, and
viruses to the streets and storm sewers which drain
the commercial areas and discharge into the
streams of the Pike River watershed. Another
source of runoff is the washing of debris from
work areas, sidewalks, and areas adjacent to storage
areas as a method of debris removal performed in
order to present a clean and orderly appearance to
commercial customers.

Industrial Land Use: Runoff from industrial spills,
production and distribution sites, loading docks
and work areas, material storage sites, industrial
buildings and adjacent streets, parking lots, roof
tops, lawns, sidewalks, and open areas transports
fuels, oil, grease, wood, metals, paper, plastic, salt,
sand and gravel, organic substances, fly ash, petro
leum and chemical products, corrosives, waste
chemicals, brush, garbage, rubber, acids, glass,
ceramics, paint particles, glue and solvents to
streets, storm sewers, and large collector sewers.
Large quantities of raw materials may be delivered

217



to industrial sites to await use in the process itself
or as a component of the final product. Many
industrial operations do not have the indoor or
covered storage capacity to house the raw materials
awaiting processing, and therefore store the mate
rials in outdoor bins or designated areas exposed
to natural weathering processes, breakage, leakage,
erosion, oxidation, heat, cold, and moisture which
increase the degradation of the material and the
potential for its removal and transport to surface
waters by storm runoff or snowmelt.

Transportation Activities: Transportation-related
activities contribute significant amounts of pollu
tants to surface waters in the Pike River watershed
as goods and people are moved by rail, air, bus,
truck, or car. The terminals, transportation routes,
and service and maintenance areas are all sites of
pollutant buildup and potential release. Motor
vehicle pollutants accumulate on freeways and
expressways, highways, streets, and parking lots.
Motor vehicles deposit fuel, oil and grease, hydrau
lic fluids, coolants, exhaust emissions-particulates
and gases, tire rubber, litter, heavy metals, asbestos,
and nutrients on streets. Deicing salts, pavement
debris, vegetation debris, animal wastes, litter,
fertilizers, pesticides, chemicals, and material from
adjacent land also accumulate on streets. Because
the transportation-related urban surfaces are imper
vious and designed to drain very quickly, they
playa particularly important role in the transport
of pollutants.

Deicing Salt Usage: Initially, salts were used in con
junction with abrasives such as sand or ashes to
facilitate travel on snowy and icy highways. In
the winter of 1956-1957, the Wisconsin Highway
Commission initiated a "bare pavement" winter
maintenance program, which required liberal and
frequent applications of "straight" salt in order to
provide, wherever possible, consistently dry and
therefore safer driving surfaces. Sodium chloride is
the most commonly used deicing salt. The deicing
salts dissolve to form solutions with lower freezing
points than water. The application of deicing salts
on highways during the winter may significantly
affect the quality of runoff water. The salt applied
to the highway must either be carried by surface
runoff or must infiltrate the ground surface.
Improper or excessive salt application may lead to
groundwater or to surface water contamination,
soil contamination, damage to plants, damage to
wildlife, increased corrosion, and possible human
toxicity in extreme circumstances.
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Recreational Activities: Certain outdoor recrea
tional activities, which utilize large areas of the
land and water, may constitute nonpoint sources
of pollution by contributing pollutants carried
in storm water runoff and snowmelt to surface
waters. Normally, outdoor recreational sites
include large areas of land which are relatively
well stabilized and act either as relatively modest
sources of pollutants, or as pollutant trapping
mechanisms. For example, grass buffer strips along
streams serve to remove pollutants from storm
water runoff and snowmelt by the sedimentation,
filtration, and nutrient uptake effects of the vege
tative cover. Outdoor recreational sites, however,
may also include, in addition to open space with
natural vegetative cover, space and impervious
areas for the conduct of such recreational pursuits
as tennis, swimming, and boating. Consequently,
recreational areas may be sources of nonpoint
pollution. The amount of pollutant contributed
will depend upon such factors as the types of
recreational facilities present, the location and size
of vegetated buffer areas and zones, the amount of
fertilizers and pesticides used, the land manage
ment methods applied, the drainage efficiency of
the site, and the location of the site with respect to
adjacent lakes or streams. However, well designed
and managed recreational lands may serve as a
means of resolution of other more severe nonpoint
pollution problems.

Construction Activities: The development and
redevelopment of residential, commercial, indus
trial, transportation, and recreational areas within
the Pike River watershed can cause significant
quantities of pollutants to be contributed to
streams. Construction activities generally involve
soil disturbance and destruction of stable vegeta
tive cover; changes in the physical, chemical, and
biological properties of the land surface; and
attendant changes in the hydrologic and water
quality characteristics of the site as an element of
the natural system of surface and groundwater
movement. The clearing and grading of construc
tion sites subjects the soil to high erosion rates.
Potential pollutants from construction activities
include soil particles; pesticides; petroleum pro
ducts, such as oils, grease, gasoline, and asphalt;
solid waste materials, such as paper, wood, metal,
rubber, garbage, and plastic; other construction
chemicals such as paints, glues, solvents, sealants,
acid, and concrete; and soil additives such as
lime, fly ash, and salt. The transportation of pollu
tants from construction sites to natural waters



is by direct runoff of storm water and snow
melt, leaching and groundwater infiltration, wind,
soil slippage or landslide, and mechanical transfer
on vehicles.

Onsite Sewage Disposal Systems: As of 1975, the
sanitary and household wastewaters from approxi
mately 4,700 persons, or about 16 percent of the
total resident population of the total watershed,
were treated and disposed of through the use of
onsite sewage disposal systems. An onsite sewage
disposal system may be a conventional septic tank
system, a mound system, or holding tank. It was
reported in SEWRPC Technical Report No. 21,
Sources of Water Pollution in Southeastern Wis
consin: 1975, that approximately 50 percent of
the septic systems in some areas of the South
eastern Wisconsin Region are connected to agricul
tural drainage tiles or ditches, with nearly all of
the septic wastes from these systems being directly
discharged to drainage channels and surface waters.
Failure of an onsite sewage disposal system occurs
when the soils surrounding the seepage area will no
longer accept or properly stabilize the effluent,
when the groundwater rises to levels which will no
longer allow for uptake of liquid effluent by the
soils, or when age or lack of proper maintenance
cause the system to malfunction. Hence, onsite
sewage disposal system failure may result from
installation in soils with severe limitations for
system use, improper design or installation of the
system, or inadequate maintenance.

Solid Waste Disposal Sites: Solid waste disposal
sites are a potential source of surface, as well as
groundwater, pollution. In this respect, however, it
is important to recognize the distinction between
a properly designed and constructed sanitary land
fill and the variety of operations that are referred
to as refuse dumps-especially with respect to
potential effects on water quality. A solid waste
disposal site may be defined as any land area used
for the deposit of solid wastes regardless of the
method of operation, or whether a subsurface
excavation is involved. A sanitary landfill may be
defined as a solid waste disposal site which is
carefully located, designed, and operated to avoid
hazards to public health or safety, or contamina
tion of groundwaters or surface waters. The proper
design of sanitary landfills requires careful engi
neering to confine the refuse to the smallest prac
ticable area, to reduce the refuse mass to the
smallest practicable volume, to avoid surface water
runoff, to avoid leachate production and percola-

tion into the ground and surface waters, and to seal
the surface with a layer of earth at the conclusion
of each day's operation or at more frequent inter
vals as necessary .

In order for a landfill to produce leachate there
must be some source of water moving through the
fill material. Possible sources include precipitation,
the moisture content of the refuse itself, surface
water infiltration, groundwater migrating into the
fill from adjacent land areas, or groundwater
rising from below to come in contact with the fill.
In any event, leachate is not released from a land
fill. until a significant portion of the fill material
exceeds its saturation capacity. If external sources
of water are excluded from the sanitary landfill,
the production of leachates in a well designed and
managed sanitary landfill can be effectively mini
mized if not entirely eliminated. The quantity of
leachate produced will depend upon the quantity
of water that enters the solid waste fill site minus
the quantity that is removed by evapotranspiration.
Studies have estimated that for a typical landfill
from 20 to 50 percent of the rainfall infiltrated
into the solid waste may be expected to become
leachate. Accordingly, a total annual rainfall of
about 32 inches, which is typical of the Pike River
watershed, could produce from 170,000 to 430,000
gallons of leachate per year per acre of landfill,
if the facility is not properly located, designed,
and operated.

In 1980 there were two active sanitary landfill
operations located within the Pike River water
shed as shown on Map 35 and in Table 52, the
Oakes landfill in the Town of Mt. Pleasant in
Racine County, and another landfill operated
by the Wisconsin Electric Power Company in
the Town of Pleasant Prairie in Kenosha County.
Four other landfills located within the watershed
had previously been abandoned and another
remains inactive.

A review of Wisconsin Department of Natural
Resources water quality monitoring and surveil
lance program records indicates that the Depart
ment monitors groundwater quality at the Oakes
landfill site on a quarterly basis to determine
whether pollutants from leachate are entering the
groundwater. The pollutant indicators monitored
include chemical oxygen demand, specific con
ductivity, and chlorides. Individual pollutants such
as mercury or other heavy metals are not tested for
directly, unless the pollutant indicators show a
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Map 35

LANDFILL SITES IN THE PIKE RIVER WATERSHED
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In 1980 there were two active sanitary I.mdfills located within
the Pike River watershed. Four other landfills located within
the watershed had previously been abandoned, and one landfill
remains inactive.
Source: SEWRPC.

potential for the presence of such pollutants in the
groundwater. As of June 1980, the groundwater
quality monitoring program had not indicated
leachate movement into the groundwater, nor
violations of the federal drinking water quality
standards in the groundwater around the site.
A routine field investigation of the site conducted
by the Department staff in July of 1979 revealed
that leachate had escaped from the landfill under
drain system and had entered the surface water
drainage system of the area. Surface water quality
sampling conducted by the landfill operator's
consultant on July 24,1979, both above and below
the site confirmed this finding. The Department
then required that the leachate be continuously
recirculated through the landfill.

The leachate itself was also sampled and tested
for possible treatment at the City of Racine waste
water treatment facility. Studies are currently being
conducted by the Department to determine the
best method of disposal of the leachate upon
saturation of the landfill. Another potential prob
lem being studied is the presence of silt seams in
the landfill which may cause lateral migration of
leachate from the site and the resulting pollution
of the surface waters.

Table 52

LANDFILL SITES IN THE PIKE RIVER WATERSHED

Map Wisconsin
Identification Civil DNR License

Number Division Location Operator Number Status

1 Town of Mt. Pleasant Sl/2. NE1/4 Sact;on 23 Land Reclamation 0572 Active
T3N R22E (Oakes Landfill)

2 Town of Mt. Pleasant SW1/4, NE1/4 Section 27, Town of Mt. Pleasant N/A Abandoned
T3N R22E

3 Town of Mt. Pleasant SWl/4, SWl/4 Sac';on 31. Samuel Azarian N/A Inactive
T3N R23E

4 Town of NE1/4, NW1/4 Section 9, Harry Crow & Sons N/A Abandoned
Pleasant Prairie T1N R22E

5 Town of NW1/4. NE1/4 Section 9, Wisconsin Electric 2786 Active
Pleasant Prairie T1N R22E Power Company

6 Town of Somers SE1/4, SW1/4 Section 15, Town of Somers 1070 Abandoned
T2N R22E

7 Town of Somers NE1/4, NW1/4 Section 24, Keno Trucking 1661 Abandoned
T2N R22E

NOTE: NIA indicates data not available.

Source: Wisconsin Department of Natural Resources and SEWRPC.
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Livestock Operations: The presence of livestock
and poultry manure in the environment is an
inevitable result of animal husbandry and is
a major potential source of water pollutants.
Animal manure, composed of feces, urine, and
sometimes bedding materials, contributes sus
pended solids, nutrients, oxygen demanding sub
stances, bacteria, and viruses to surface waters.
Most farm animals within the Pike River watershed
are raised and managed in barnyards or feedlots.
A feedlot is defined as a relatively small-generally
less than five acres in size-confined land area, such
as a fenced barnyard or a fenced portion of a pas
ture, for raising large numbers of livestock
generally 25 to 200 head-primarily by importing
feed, as opposed to using pasture grazing. Opera
tors usually rely on the occasional export of
accumulated manure and bedding materials from
the so-called feedlots which are generally denuded
of vegetative cover, and are therefore subject to
high rates of erosion and pollutant release. Animal
waste constituents of pastureland and barnyard
runoff, animal wastes deposited on pastureland and
cropland and in barnyards, feedlots, and manure
piles can contaminate water by surface runoff,
infiltration to the groundwater, and volatilization
to the atmosphere. Some livestock also wade in
streams and trample stream bottoms contributing
manure directly to the stream and accelerating
streambank erosion. During the warmer seasons
of the year the manure is often scattered on crop
land and pastureland where the waste material is
likely to be taken up by the vegetative growth
composing the land cover. However, when the
animal manure is applied to the land surface during
the winter, the animal wastes are subject to exces
sive runoff and transport, especially during the
spring snowmelt period.

Crop Production: Cropland can have an adverse
effect upon water quality within the Pike River
watershed, contributing sediments, nutrients,
organic matter, and pesticides in runoff to streams.
The extent of water pollution from cropping prac
tices varies considerably as a result of the soils,
slopes, and crops, as well as in the numerous
methods of tillage, plantings, fertilization, chemical
treatment, and conservation practices. The topo
graphic, hydrographic, meteorologic, and hydro
logic conditions within the watershed are also very
important factors. For example, just as inadequate
handling of animal wastes from a confined feeding
operation will pollute the stream system, excessive
fertilizer, pesticide, and herbicide usage also has
the potential to damage the water resources. Crops

grown in the Pike River watershed include row
crops, such as corn and soybeans; small grains,
such as wheat and oats; hay, such as clover, alfalfa,
timothy, and canary grass; vegetables, such as
potatoes, onions, peas, sweet corn, cabbage, and
tomatoes; and specialty crops, such as sod. Row
and vegetable crops, which have a relatively higher
level of exposed soil surface, tend to contribute
higher pollutant loads than crops such as hay and
pastureland, which support greater levels of vegeta
tive cover. Since the early 1930's, it has been
a national objective to preserve and protect agricul
tural soil from wind and water erosion. Federal
programs have been developed to achieve this
objective, with the primary emphasis being on
sound land management and cropping practices for
soil conservation. An incidental benefit of these
programs has been a reduction in the amount of
eroded organic or inorganic material entering
surface waters as sediment or attached to sediment.
Some practices are effective in both regards, while
others may enhance the soil conditions with little
benefit to surface water quality.

Woodlands: A well-managed woodland contributes
few pollutants to surface waters. Under poor man
agement, however, woodlands may have detrimen
tal water quality effects through the release of sedi
ments, nutrients, organic matter, and pesticides
into nearby surface· waters. If trees along streams
are cut, thermal pollution may occur as the direct
rays of the sun strike the water. Disturbances
caused by tree harvesting, livestock grazing, tree
growth promotion, tree disease prevention, fire
prevention, and road and trail construction are
a major source of pollution from silvicultural activi
ties. Most of these activities are seldom practiced in
the Pike River watershed.

Atmospheric Sources: Streams are subjected
directly to the deposition of pollutants from the
atmosphere via dry fallout and precipitation wash
out. Man's activities and the physical environment
influence air pollutant concentrations, dispersal,
and fallout rates. Air pollutants in the form of
smoke, dust, soot, fly ash, fumes, mist, odors,
seeds, pollen, spores, and contaminated precipita
tion fall directly on surface waters and are direct
sources of nutrients, sediments, oxygen-demanding
substances, heavy metals, and chemicals. Some air
pollutants present no threat to water quality, but
others are significant contributors to water quality
degradation. Oxides of nitrogen may react with
sodium, potassium, and other heavy metals to
form soluble nitrates which, when washed out of
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the atmosphere by rain, may contribute to the
fertility of surface waters. Phosphorus adsorbed on
fine clay and silt-sized particles may be transported
by wind erosion and deposited in surface waters.
In case ice covers a body of water, the various
deposits still occur, but are stored until spring
thaw. Direct contribution to surface water systems
is of special concern because there is no intervening
filtration by the land surface. The deposit of con
taminants from the air to the water environment
may be indirect with transport, transformation,
and storage of contaminants on land. This may
introduce a substantial time delay between when
a contaminant reaches the land and the time the
contaminant shows up in the water. Storage of air
contaminants deposited on land also provides
opportunity for the transformation of the con
taminants into other chemical forms prior to their
reaching the waterways. The indirect transfer of air
pollutants through streets, drainageways, storm
sewers, and surface runoff is considered as an ele
ment of the pollutant loadings from these sources
discussed above.

Stream Processes: Instream processes also affect
the pollution transport loading of a stream. The
tremendous amount of energy possessed by flow
ing water in a stream channel is dissipated along
the stream length by turbulence, streambank and
bed erosion, and sediment resuspension. Sediments
and associated substances delivered to a stream
may be stored, at least temporarily, on the stream
bed, particularly where obstructions or irregulari
ties in the channel decrease the flow velocity or act
as a particle trap or filter. On an annual basis or on
a long-term basis, streams may exhibit a net deposi
tion, a net erosion, or no net change in internal
sediment transport, depending on the tributary
land uses, watershed hydrology, precipitation, and
geology. It was reported in SEWRPC Technical
Report No. 21, Sources of Water Pollution in
Southeastern Wisconsin: 1975, that typically from
3 to 11 percent of the annual sediment yield in
a watershed in southeastern Wisconsin may be
contributed by streambank erosion.

Existing Storm Water Drainage Systems: Storm
water drainage facilities are defined, for purposes
of this report, as conveyances-including but not
limited to subsurface pipes and conduits, ditches,
channels, and appurtenant inlet, outlet, storage,
and pumping facilities-located in urbanized areas
and constructed or improved and operated for
purposes of collecting storm water runoff from
tributary drainage areas and conveying such runoff
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to natural water courses for disposal. In the larger
and more intensively developed urban communities
such as the Cities of Racine and Kenosha and the
Villages of Sturtevant and Elmwood Park, these
facilities consist either of complete, largely piped,
storm water drainage systems which have been
planned, designed, and constructed as systems in
a manner similar to sanitary sewer and water
utility systems, or of fragmented or partially piped
systems incorporating open surface channels to as
great a degree as possible.

In the Pike River watershed, the storm water
drainage systems provide the means by which
a portion of the nonpoint source pollutants reach
the surface water system. Therefore, the extent
and characteristics of the existing storm water
drainage system are pertinent to an understanding
of the nonpoint source pollution problem. Because
of the direct relationship between urban storm
water drainage systems and surface water quality,
the Commission's areawide water quality manage
ment planning program included an inventory of
the existing urban storm water drainage systems
within the Region. The results of that inventory
for the Pike River watershed are presented in sum
mary form below. 13

Inventory Findings: The four known existing urban
storm water drainage systems which serve portions
of the subareas of the Pike River watershed are
shown on Map 36. These include the systems
operated by the Cities of Kenosha and Racine, the
Villages of Sturtevant and Elmwood Park, and the
Towns of Mt. Pleasant and Somers. Together these
systems have a combined tributary drainage area
within the watershed of about 5.6 square miles, or
about 11 percent of the total area in the water
shed. Included within this storm water drainage
area of the watershed are a total of 41 known
storm water outfalls, one storm water pumping
station, and nine storm water storage facilities. The
total annual average discharge from these outfalls
is estimated to be 1,010 million gallons occurring

13 For a detailed description of the procedure used
to inventory urban storm water drainage systems
under the areawide water quality management
planning program, see Chapter IV of SEWRPC
Technical Report No. 21, Sources of Water Pollu
tion in Southeastern Wisconsin: 1975.



Map 36

KNOWN URBAN STORM SEWER SYSTEMS IN THE PIKE RIVER WATERSHED
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Table 53

AREA SERVED AND SELECTED CHARACTERISTICS OF EXISTING
STORM WATER DRAINAGE SYSTEMS IN THE PIKE RIVER WATERSHED

Summation of Drainage Districts

Estimated Maximum

Number of Number of Total
Storm Water

Storm Water Storm Water Estimated
Discharge Rates

Estimated
Outfalls Retention Annual

(cubic feet per second)

Civil Division
Tributary

in System Basins Discharging 2-Year 5-Year
Location of Public

Area
Discharging Discharging Volume Recurrence Recurrence

Storm Water Square to Surface to Surface (million Interval Interval
Conveyance Systems Acres Miles Waters Waters gallons) Event Event

City of Kenosha. . . . . . . . 719 1.12 10 2 190 577 772
City of Racine......... 412 0.65 3 0 110 306 406
Village of Sturtevant ..... 457 0.71 3 0 161 191 257
Village of Elmwood Park... 82 0.13 3 0 14 48 64
Town of Somers........ 190 0.30 9 0 47 140 190
Town of Mt. Pleasant. .... 1,743 2.72 13 7 488 719 960

Total 3,603 5.63 41 9 1,010 1,981 2,649

Source: SEWRPC.

in 57 events. The combined maximum discharge
rate for these storm water outfalls is estimated to
be 1,980 cubic feet per second (cfs) for a two-year
recurrence interval rainfall event and 2,650 cfs for
a five-year recurrence interval rainfall event. Perti
nent characteristics of each system are summarized
in Table 53. The location and configuration of the
major storm water drainage conduits as well as the
outlets and estimated tributary areas of the four
storm water drainage systems within the Pike River
watershed are shown on Map 36.

Nonpoint Source Pollutant Loads: Nonpoint
source pollutant loads in the Pike River watershed
were estimated by the unit load analysis method
set forth in SEWRPC Technical Report No. 21,
Sources of Water Pollution in Southeastern Wis
consin: 1975.14

Unit Load Analysis: A preliminary analysis of the
relative magnitude of nonpoint source pollutant
loadings from the various land use-cover combina
tions comprising the Pike River watershed was

14
See Chapter V of SEWRPC Technical Report

No. 21,. Sources of Water Pollution in Southeastern
Wisconsin: 1975.
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completed under the Regional Planning Commis
sion's recently completed areawide water quality
management planning program. That analysis was
based on unit loading rates for various pollutants
and land use-cover combinations. Certain assump
tions were required to develop the loading rates,
To the maximum extent possible, these assump
tions were based upon data collected from within
the Region. The unit loading rates used in the
areawide water quality management plan are set
forth in Table 54. The analysis provides an esti
mate of gross pollutant loads from nonpoint
sources in the Pike River watershed, as well as
a means of identifying the most important sources
of each pollutant, by quantifying the drainage
channel pollutant load; Le., the overbank delivered
pollutant loads to the perennial and intermittent
stream of the Pike River watershed. The results of
this analysis are summarized in Table 55. Esti
mated pollutant loads from point sources are also
presented to provide a comparison of point source
loads and nonpoint source loads. Annual pollutant
loadings are estimated for total nitrogen, total
phosphorus, biochemical oxygen demand, fecal
coliform, and sediment.

The drainage channel pollutant loads can be
expected to be different from the actual transport
from the watershed, because material processes



Table 54

SUMMARY OF REPORTED POLLUTANTCHANNEL LOADING RATES FROM NONPOINT SOURCES
USED IN THE COMMISSION AREAWIDE WATER QUALITY MANAGEMENT PLANNING PROGRAM

Rate of Pollution Loadingsa (given in pounds/acre/year
except for MFFCC, given in counts/acre/year, and onsite

sewage disposal systems, given in load/capita/year)

Category
of Diffuse

Pollution Sources

Urban
Residential Land Use

Commercial Land Use .

Industrial Land Use .

Construction Activities .

Extractive Activities.

Transportation
Freeways and Highways .
Airports . . . .

Recreation
Parks ..

Golf Courses .

Onsite Sewage Disposal Systems
(pounds or MFFCC/capita/year)

Rural
Livestock Operations

(pounds/animal unit/yearl. .
Orchards .

Pastures .

Woodlands

Air Pollution to Surface Waters ..

Row Crops .
Small Grain .

Hay .
Vegetables .
Sod .
General Agricultural Land .

Total
Nitrogen

4.0
(1.9-11.5)
9.0
(9.0-77.41
8.4
(8.4-76.41
60.0
(60-1501
60.0
(60-1501

23.4
12.0

2.3
(2.3-26.11
4.4
(4.4-26.11

5.7

28.4
2.3
(0.7-9.11
4.6
(1.0-7.61
2.3
(0.7-9.11
8.9
(4.4-39.41
23.1
4.7

0.9
23.1
0.9
(0.03-23.11

Total
Phosphorus

0.32
10.32-7.31
0.75
(0.75-4.11
0.70
(0.82-9.41
45.0
(45-1201
45.0
(45-1201

1.4
2.7

0.06
(0.06-1.531
0.20
(0.20-1.531

1.32

6.6
0.14
(0.01-0.801
0.29
(0.22-0.571
0.14
(0.01-0.80)
0.5
(0.045-1.601
0.64
0.13

0.09
0.64
0.09
(0.09-2.591

Biochemical
Oxygen
Demand

24.3
(10.2-95.9)
97.6
(16-168)
36.9
(16-188)
120.0
(120-4,5001
120.0
(120-4,5001

159.0
17.6

1.3

1.3

81.6

111.2
4.6
(3.6-6.3)
9.7
(5.4-15.4)
4.6
(3.6-6.31
162.0
(153-162)
20.7
9.6

9.6
30.0
2.1

(Not Available)

Membrane
Filter Fecal

Coliform Count

1.6 x 1010

3.3 x 1010

6.2x1010

Negligible

Negligible

6.7 x 1010

Negligible

3.6 x 109

Negligible

1.0 x 1011

6.4 x 1011

6.6 x 108

Included in
Livestock Load

6.6 x 108

Negligible

Included in
Livestock Load

Sediment

545
(356-7,3601
745

977

150,000
(3,000-380,0001
150,000
(3,000-380,0001

42,600
3,200

420
(420-750)
420
(420-7501

28

700
251
(45-3891
420
(12-8281
251
(45-389)
665
(614-1,5001
6,900
3,200

3,200
10,000
700
(680-51,000)

aNumbers Tn parentheses are the range of loadings avail:lble in the literature. If only one literature value was available, or if the loading value
was computed from regional data and no additional values were available, no loading range is presented. The literature sources from which
the loading rates were developed and a description of the procedures used to estimate loading rates are presented in SEWRPC Technical
Report No. 21, Sources of Water Pol/ution in Southeastern Wisconsin: 1975.

Source: SEWRPC.
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Table 55

ESTIMATED LOADINGS FROM POLLUTION
SOURCES IN THE PIKE RIVER WATERSHED: 1975

Average Year Drainage

Channel Loads (from SEWRPC

Technical Report No. 21,b
presented in pounds per year

except for fecal coliform
presented in counts x 108

per year, and sediment

presented in tons per year!

Total Estimated
Source Extent8

Parameter Loading Percent

Urban Point Sources

Municipal Sewage Treatment Plants. 2 Total Nitrogen 24,070.0 4.1
2 Total Phosphorus 4,620.0 6.5
2 Biochemical Oxygen Demand 64,020.0 5.0
2 Fecal Coliform 13.000.000.0 51.3
2 Sediment 35.0 0.0

Private Sewage Treatment Plants . .. 2 Total Nitrogen 0.0 0.0
2 Total Phosphorus 0.0 0.0
2 Biochemical Oxygen Demand 0.0 0.0
2 Fecal Coliform 0.0 0.0
2 Sediment 0.0 0.0

Industrial Discharges . .. 4 Total Nitrogen 30.0 0.0
4 Total Phosphorus 0.0 0.0
4 Biochemical Oxygen Demand 920.0 0.1
4 Fecal Coliform 0.0 0.0
4 Sediment 0.0 0.0

Sanitary Sewer Flow Relief Devices . .. 8 Total Nitrogen 380.0 0.1
8 Total Phosphorus 130.0 0.2
8 Biochemical Oxygen Demand 3.750.0 0.3
8 Fecal Coliform 570.000.0 2.2
8 sediment 0.0 0.0

Urban Point Source Totals Total Nitrogen 24,480.0 4.2
Total Phosphorus 4,750.0 6.7
Biochemical Oxygen Demand 68.690.0 5.4
Fecal Coliform 13,570.000.0 53.5
Sediment 35.0 0.0

Urban Nonpoint Sources

Residential ... 3127 Total Nitrogen 12,510.0 2.1
3127 Total·Phosphorus 1,000.0 1.4
3127 Biochemical Oxygen Demand 75,990.0 6.0
3127 Fecal Col iform 500.320.0 2.0
3127 Sediment 850.0 0.6

Commercial . ... ........ 690 Total Nitrogen 6,210.0 1.1
690 Total Phosphorus 520.0 0.7
690 Biochemical Oxygen Demand 67,340.0 5.3
690 Fecal Coliform 227,700.0 0.9
690 Sediment 255.0 0.2

Industrial . . 752 Total Nitrogen 6,320.0 1.1
752 Total Phosphorus 530.0 0.7
752 Biochemical Oxygen Demand 27,750.0 2.2
752 Fecal Coliform 466,240.0 1.8
752 sediment 365.0 0.3

Extractive . .. .......... 92 Total Nitrogen 5.520.0 0.9
92 Total Phosphorus 4,140.0 5.8
92 Biochemical Oxygen Demand 11,040.0 0.9
92 Fecal Coliform 0.0 0.0
92 Sediment 6,900.0 5.0

Transportation . . 319 Total Nitrogen 4,930.0 0.8
319 Total Phosphorus 650.0 0.9
319 Biochemical Oxygen Demand 21,980.0 1.7
319 Fecal Cot iform 99,740.0 0.4
319 Sediment 2,630.0 1.9

Recreation 817 Total Nitrogen 3,170.0 0.5
817 Total Phosphorus 140.0 0.2
817 Biochemical Oxygen Demand 1.060.0 0.1
817 Fecal Coliform 7,200.0 0.0
817 Sediment 170.0 0.1



Table 55 (continued)

Average Year Drainage
Channel Loads (from SEWRPC

Technical Report No. 21.b

presented in pounds per year
except for fecal coliform
presented in counts x 108

per year. and sediment
presented in tons per year)

Total Estimated
Source Extent8 Parameter Loading Percent

Construction ................ 780 Total Nitrogen 46,800.0 8.0
780 Total Phosphorus 35,100.0 49.2
780 Biochemical Oxygen Demand 93,600.0 7.3
780 Fecal Coliform 0.0 0.0
780 Sediment 58,500.0 42.3

Septic Systems . . ............. 4200 Total Nitrogen 23,940.0 4.1
4200 Total Phosphorus 5,540.0 7.8
4200 Biochemical Oxygen Demand 342,720.0 26.9
4200 Fecal Coliform 4,200,000.0 16.6
4200 Sediment 60.0 0.0

Urban Nonpoint Source Total Total Nitrogen 109,400.0 18.8
Total Phosphorus 47,620.0 66.8
Biochemical Oxygen Demand 641,480.0 50.3
Fecal Coliform 5,501,200.0 21.7
Sediment 69,730.0 50.4

Urban Source Totals Total Nitrogen 133,880.0 23.0
Total Phosphorus 52,370.0 73.5
Biochemical Oxygen Demand 710,170.0 55.7
Fecal Coliform 19,071,200.0 75.2
Sediment 69,765.0 50.5

Rural Nonpoint Sources
Livestock Operations (feedlots) ..... 980 Total Nitrogen 27,830.0 4.8

980 Total Phosphorus 6,470.0 9.1
980 Biochemical Oxygen Demand 108,980.0 8.5
980 Fecal Coliform 6,272,000.0 24.7
980 Sediment 345.0 0.2

Cropland, Pasture,

and Unused Rural Land . ....... 23842 Total Nitrogen 417,720.0 71.7
23842 Total Phosphorus 12,230.0 17.2
23842 Biochemical Oxygen Demand 436,690.0 34.3
23842 Fecal Coliform 0.0 0.0
23842 Sediment 67,955.0 49.2

Silvicultural . .. .............. 1213 Total Nitrogen 2,790.0 0.5
1213 Total Phosphorus 170.0 0.2
1213 Biochemical Oxygen Demand 5,580.0 0.4
1213 Fecal Coliform 8,005.8 0.0
1213 sediment 150.0 0.1

Atmospheric Contribution
to Surface Water . ...... ..... . 82 Total Nitrogen 730.0 0.1

82 Total Phosphorus 40.0 0.1
82 Biochemical Oxygen Demand 13,280.0 1.0
82 Fecal Coliform 0.0 0.0
82 Sediment 25.0 0.0

Rural Nonpoint Source Totals Total Nitrogen 449,070.0 77.0
Total Phosphorus 18,910.0 26.5
Biochemical Oxygen Demand 564,530.0 44.3
Fecal Coliform 6,280,005.8 24.8
Sediment 68,475.0 49.5

Nonpoint Source Totats Total Nitrogen 558,470.0 95.8
Total Phosphorus 66,530.0 93.3
Biochemical Oxygen Demand 1,206,010.0 94.6
Fecal Coliform 11,781,205.8 46.5
Sediment 138,205.0 100.0

Total Sources Total Nitrogen 582,950.0 100.0
Total Phosphorus 71,280.0 100.0
Biochemical Oyxgen Demand 1,274,700.0 100.0
Fecal Coliform 25,351,205.8 100.0
Sediment 138,240.0 100.0

aUrban point sources are expressed in numbers of plants, other facilities, and points of sewage flow relief; urban nonpoint sources are expressed
in number of acres except septic systems which are expressed as the number of people served; and rural nonpoint sources are expressed in
acres except livestock operations which are expressed in equivalent animal units.

bSee SEWRPC Technical Report No. 21, Sources otWater Pollution in Southeastern Wisconsin: 1975.

Source: SEWRPC.
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may retain or remove pollutants or change their
form during transport over the land surface or
within the stream system. These processes include
particle deposition or entrapment on the land sur
face or floodplains, stream channel deposition or
aggradation, biological uptake, and chemical trans
formation and precipitation. The drainage channel
pollutant loading rates, and therefore the total
drainage channel pollutant loads set forth in
Table 55, are representative of the annual quanti
ties of potential pollutants moved from small areas
of the Pike River watershed into localized drainage
swales and channels, but are not intended to reflect
the total amount of the pollutants moving from
those sources through the entire hydrologic
hydraulic system to the watershed outlet.

Based on data set forth in Table 55, urban sources
of pollution are estimated to contribute 23 per
cent of the nitrogen, 74 percent of the phosphorus,
56 percent of the biochemical oxygen demand,
75 percent of the fecal coliform, and 51 percent of
the sediment which pollutes the Pike River system.
Of the urban contribution, the point sources of
pollution contribute 18 percent of the nitrogen,
9 percent of the phosphorus, 10 percent of the
biochemical oxygen demand, 71 percent of the
fecal coliform, and 0.001 percent of the sediment.
Nonpoint sources-including the estimated septic
tank and construction-related contributions in the
drainage area-account for the remaining 82 per
cent of the nitrogen, 91 percent of the phosphorus,
90 percent of the biochemical oxygen demand,
29 percent of the fecal coliform, and nearly all of
the sediment contributed from urban sources.

Of the total pollutant loads, rural pollution sources
contribute an estimated 77 percent of the nitrogen,
26 percent of the phosphorus, 44 percent of the
biochemical oxygen demand, 25 percent of the
fecal coliform, and 49 percent of the sediment
from all sources within the watershed. There are
no rural point sources of pollution, since none
of the livestock operations in the watershed are
of sufficient size to fall within the definition of
a point source under the normal state or federal
guidelines. Livestock feeding operations-including
the disposal of manure on croplands-contribute
about 6 percent of the nitrogen, 34 percent of the
phosphorus, 19 percent of the biochemical oxygen
demand, almost all of the fecal coliform, and
0.5 percent of the sediment attributed to rural
sources. The remainder of the estimated rural
pollution load, or 94 percent of the nitrogen,
66 percent of the phosphorus, 81 percent of the
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biochemical oxygen demand, virtually none of the
fecal coliform, and yirtually all of the sediment,
is contributed by other rural nonpoint sources,
namely storm water runoff from rural land uses
and atmospheric loadings to surface waters.

Transport Load Analysis: To determine the amount
of pollutants actually being transported down
stream in the watershed based on measured data,
a pollutant transport analysis was conducted. This
analysis relied upon measured data and upon the
Model Enhanced Unit Loading (MEUL) method
developed under the International Joint Commis
sion's Menomonee River Pilot Watershed Study. 15

The MEUL method may be used to estimate trans
port loads of total phosphorus and sediment and
the method was applied for this purpose. A separate
transport analysis was also conducted for total
nitrogen and biochemical oxygen demand (BOD5),
as well as for total phosphorus and sediment, using
measured instream conditions and application of
another technique developed in the International
Joint Commission's Menomonee River Pilot Water
shed Study. The technique involves applying a stra
tified random sampling technique to distinguish
between wet-weather and dry-weather estimates
of instantaneous pollutant transport in order to
estimate annual loads from the watershed. '6 This
transport loading analysis thus provides a measure
of the actual stream transport, which can be com
pared to the MEUL method transport load esti
mates. Table 56 presents the sources of data used
in the transport analysis. Stream.flow data were
available for the Pike River about one-quarter mile
downstream of Petrifying Springs Park Road,
located in the northeast quarter of Section 11,
Township 2 North, Range 22 East, Kenosha
County, a point having a tributary drainage area
of about 39 square miles. The streamflow data
were available from the U. S. Geological Survey
for the years 1971 to 1975 as part of its routine

15 International Joint Commission, Menomonee
River Pilot Watershed Study, Volume 5, Simula
tion of Pollutant Loadings and Runoff Quality,
Draft, November 1979.

16 For a detailed description o{the modeling tech
nique used in the transport analysis, see Final Sum
mary Pilot Watershed Report, International Joint
Commission Menomonee· River Pilot Watershed
Study, December 1, 1977.



Table 56

SOURCES OF DATA USED IN THE PIKE RIVER
TRANSPORT ANALYSIS OF INSTREAM
WATER QUALITY MONITORING DATA

Sources of Data Samples

Annual Low SEWRPC's U. S. Geological
Flow Data Index Site Survey
SEWRPC Sampling Continued

Technical Program Streamflow
Report No. 17 3/12/76- Monitoring

Parameter 1968-1975 11/19/76 Program

Flow ...... X
Nitrogen .... X X
Phosphorus .. X X

BOD5· ..... X
Suspended

Solids ..... Xa

aA suspended solids analysis of the Pike River was previously con
ducted by the U. S. Geological Survey. See S. M. Hinda" and
R. F. Flint, "Sediment Yields of Wisconsin Streams," Hydrologic
Investigations Atlas, HA-376, U. S. Geological Survey, Washing
ton, 1970.

Source: SEWRPC.

sampling program. Total phosphorus and total
nitrogen concentration measurements were avail
able from SEWRPC Technical Report No. 17,
Water Quality of Lakes and Streams in South
eastern Wisconsin: 1964-1975. Total phosphorus,
total nitrogen, and BOD5 measurements were
available from the Commission index site water
quality sampling program. These data were avail
able for SEWRPC sampling site Pk-1,located about
two miles upstream of the U. S. Geological Survey
streamflow sampling station at STH 31. A sus
pended solids transport analysis for the Pike River
was previously conducted by the U. S. Geological
Survey.17 Inasmuch as suspended solids data were
used in the U. S. Geological Survey analysis, the
watershed yield was factored by 1.10 to account
for the bedload component which consists of the
coarser sediments transported along the stream

17 S. M. Hindall, Measurement and Prediction
Sediment Yields of Wisconsin Streams, U. S. Geo
logical Survey Water Resources Investigations,
1976, pp. 54-75.

bottom, as opposed to the finer sediments trans
ported in suspension in the streamflow and, there
fore, included in suspended solids samples. In the
Pike River near Petrifying Springs Park Road, it
was estimated from these instream measurements
that about 349,000 pounds of nitrogen; 27,000
pounds of phosphorus; 255,000 pounds of bio
chemical oxygen demand; and 3,170 tons of
sediment are transported annually. These values,
adjusted to estimate transport loads for the full
watershed, are set forth in Table 57, along with
technical adjustments made subsequently by the
USGS staff.

As already noted, the MEUL method provides an
alternative means of estimating transport loads at
the mouth of the watershed. The MEUL method
uses a simulation model-the LANDRUN model
developed under the International Joint Com
mission's Menomonee River Pilot Watershed

Table 57

COMPARISON OF ESTIMATED TRANSPORT
LOADS FOR THE PIKE RIVER WATERSHED

Transport Load
(thousands of pounds per year)

Sediment
SEWRPC Rating Curve-
Transport Flow Duration MEUL

Pollutant Analysisa Curve Method Method

Total Nitrogen.. ... 461 N/A N/A
Total Phosphorus ... 36 N/A 37

Biochemical
Oxygen Demand ... 337 N/A N/A

Sediment........ 8,370
b

23,746 24,400

NOTE: N/A indicates data not available.

a Since the measured transport loads in the SEWRPC Transport
Analysis are based on data for the Pike River at Petrifying Springs
Park Road, which drains 76 percent of the watershed area, the
mean values of the loads were multiplied by a factor of 1.32 to
estimate transport loads from the total watershed. It should be
noted that the estimates as reported in SEWRPC Technical Report
No. 21 include a recognized variance in the transport load values.

b The sediment yield value used to estimate this load was published
in Measurements and Prediction of Sediment Yields in Wisconsin
Streams, U. S. Geological Survey Water Resources Investigations
54-75, 1976. Based upon more recent analyses (May 9, 1980), the
USGS staff estimates were revised to 28,300 thousand pounds per
year (14,150 tons per year) for the Pike River watershed.

Source: SEWRPC.
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Study program-to estimate total phosphorus and
sediment loadings from various land uses. The
LANDRUN model was verified and calibrated with
the use of extensive field monitoring data in the
Menomonee River watershed. The loading rates
applied in the application of the MEUL method
are adjusted for different land slope classes, hydro
logic soil groups, and land management practices.
Delivery ratios are applied to these loads to esti
mate what proportion of the load is transported
downstream to the mouth of the watershed. MEUL
method unit loading rates for sediment and total
phosphorus for the Pike River watershed are set
forth in Table 58. Table 59 indicates the delivery
ratios applied to loads from the various land uses
to estimate transport loads at the mouth of the
Pike River watershed. Urban areas with larger
amounts of impervious areas and, in some cases,
engineered storm water drainage systems have
higher delivery ratios than the rural areas, from
which a larger proportion of the loads can be
retained or removed by over-land flow and instream
processes. For the Pike River watershed, applica
tion of the MEUL method resulted in estimated

Table 58

MEUL METHOD UNIT LOADING RATES
FOR THE PIKE RIVER WATERSHED

Unit Load
(pounds per acre per year)

Total
Land Use Sediment Phosphorus

Low-Density Residential .... 822 1.69
Medium-Density Residential .. 2,511 3.32
High-Density Residential .... 5,450 4.24
Commercial ... · ...... 5,210 3.03
Industrial. .. .......... 7,781 6.04
Construction Activity ... · . 33,125 56.73
Park and Recreation · ... · . 384 0.77
Woodland .. . . . . . . . · . 15 0.03
Row Crops...... .. · .. 1,298 2.68
Pasture .... .. · ... · .. 1,083 2.20
Wetland ..... · ...... 1,503 4.65
Feedlots ..... .. · ...... 40,678 156.65

Source: International Joint Commission, Menomonee River Pi/ot
Watershed Study, Volume 5, Simulation of Pollutant
Loadings and Runoff Quality (Draft), November 1979,
andSEWRPC.
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annual pollutant transport loads of 37,000 pounds
of total phosphorus and 12,200 tons of sediment,
as shown in Table 57.

Sediment Rating Curve-Flow Duration Curve
Method: The sediment rating curve-flow duration
curve method is another technique of measuring
sediment transport loads, or yield. Three steps are
involved in estimating sediment yield for a water
shed by applying the sediment rating curve-flow
duration curve method. The first and second steps
involve construction of a suspended sediment
rating curve, and development of a flow duration
curve for the watershed. The third step combines
the information embodied in the two curves to
obtain annual sediment yield, and the application
of an appropriate adjustment for bed load.

Development of a Sediment Rating Curve: A suspended
sediment rating curve is a graphic representation of
the relationship of the daily average discharge from
a watershed, expressed in cubic feet per second
(cfs) per square mile, to the daily transport of sus
pended sediment from the watershed, expressed in

Table 59

MEUL METHOD DELIVERY RATES
FOR THE PIKE RIVER WATERSHED

Delivery
Land Use Ratio

Low-Density Residential. 0.22
Medium-Density Residential. 0.72
High-Density Residential. 0.72
Commercial 0.72
Industrial. 0.72
ConstrUCtion Activity 0.28
Park and Recreation 0.13
WoocUand 0.13
Row Crops. 0.13
Pasture. 0.13
Wetland 0.13
Feedlots 0.13

NOTE: These delivery ratios are applied to the total phosphorus
and sediment loads generated by the application of the unit
loading rates set forth in Table 58 to estimate transport
loads at the mouth of the Pike River.

Source: International Joint Commission, Menomonee River Pilot
Watershed Study, Volume 5, Simulation of Po1lutant
Loadings and Runoff Quality (Draft), November 1979,
andSEWRPC.



tons per day per square mile;' The resulting rela
tionship is similar to a discharge rating curve-stage
as a function of discharge-in that it depicts the
sediment transport capacity of an urban stream as
a function of discharge.

A total of 56 pairs of suspended sediment trans
port-daily discharge values were used to construct
the sediment ratings curve for the Pike River. The
suspended sediment and streamflow data were
available from the U. S. Geological Survey for the
Pike River at Petrifying Springs Park Road. The
sediment rating curve for the Pike River is pre
sented in graphic form in Figure 35, as is an equa
tion representing the transport-discharge relation
ship for the watershed.

The scatter of points about the lines corresponding
to the best mathematical fit of the sediment
discharge data clearly indicates that the sediment

rating curve is an approximation of a complex
physical phenomenon. That is, the scatter indi
cates that sediment transport, although primarily
a function of discharge, is also dependent on other
factors not explicitly accounted for in the rela
tionship. Other potentially important factors are
moisture conditions and sediment accumulation
prior to runoff events; the nature of the causative
event, that is, rainfall or snowmelt or a combina
tion of rainfall-snowmelt; the areal distribution of
rainfall or snowmelt in the basin; basin size and
slope; storm water drainage system characteristics;
and the extent and nature of construction activi
ties. Because the aggregate mathematically fitted
relationship shown in Figure 35 is used only to
estimate mean annual sediment yield, errors
inherent in the relationship, as indicated by the
scatter of data points tend to compensate and
should thus provide a reasonably accurate estimate
of average annual suspended sediment yield.

Figure 35

RELATIONSHIP BETWEEN SEDIMENT TRANSPORT AND DISCHARGE FOR THE PIKE RIVER WATERSHED
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Development of Flow Duration Curve: A flow duration
curve is a cumulative frequency curve indicating
the percentage of time that a specified discharge
may be expected to be equaled or exceeded. Mea
sured streamflow data from the period of October
1971 through September 1978 were used to gen
erate existing condition average daily discharges
for the Pike River at Petrifying Springs Park
Road. These discharges were statistically analyzed
to develop the flow duration curve shown in
Figure 36.

Combination of Sediment Rating and Flow Duration Rela
tionships: As atready noted, the average annual
yield of suspended sediment at a point on a water-

shed stream system may be estimated by com
bining the relationship between sediment transport
and discharge, as embodied in the suspended sedi
ment rating curve, with the relationships between
discharge and frequency, as embodied in the flow
duration curve. The aggregate sediment rating
curve shown in Figure 35 was combined with the
flow duration curve shown in Figure 36 using the
tabular procedure set forth in Table 60.

Daily discharge rates were divided into 18 classes,
and the number of days per year in which the
flow is likely to be in each class was determined.
Average annual suspended sediment load was cal
culated by summing the products of days per year

Figure 36

FLOW DURATION CURVE FOR THE PETRIFYING SPRINGS PARK ROAD
-BASED ON MEASURED WU:A£ROM-OCTOBER 1971-SEPTEMBER 1978
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Table 60

ESTIMATED AVERAGE ANNUAL SUSPENDED SEDIMENT YIELD FOR THE
PIKE RIVER WATERSHED STUDY AT PETRIFYING SPRINGS PARK ROAD

Days Within Flow Rangea Sediment Transport

Average Daily Percent Number Tons per Tons per
Discharge Rangea of of Days

~~~~a~~e
Square Mile

(cubic feet per second) Year per Year per Year

0-10 44.00 160.6 0.002 0.32
11-20 17.00 62.1 0.018 2.92
21-30 9.00 32.8 0.05 1.64
31-40 6.00 21.9 0.10 2.19
41-50 5.00 18.3 0.17 3.11
51-60 3.00 11.0 0.25 2.75
61-70 3.00 11.0 0.35 3.85
71-80 2.00 7.3 0.47 3.43
81-90 2.00 7.3 0.60 4.38
91-100 1.00 3.6 0.76 2.74

101-200 5.00 18.3 1.91 34.95
201-300 1.00 3.6 5.37 19.33
301-400 1.00 3.6 10.62 38.23
401-500 0.4 1.5 17.69 26.54
501-600 0.3 1.1 26.58 29.24
601-700 0.09 0.3 37.29 1.12
701-800 0.04 0.1 49.85 4.99
More than 800 0.17 0.6 56.82 34.09

Annual Total 100.00 365.0 -- 215.82

aFrom flow-duration relationship.

bFrom sediment rating relationship as a function of discharge.

Source: U. S. Geological Survey and SEWRPC.

that each flow class occurred and the correspond
ing sediment transport rate as determined from
Figure 35.

As shown in Table 60, the suspended sediment
load per square mile of the Pike River watershed
is estimated at 216 tons per year. Increasing this
value 10 percent to account for the bed load, the
total average sediment yield per unit area of the
watershed is estimated at 237 tons per square mile
per year. Applying this unit sediment yield to the
39-square-mile portion of the watershed upstream
of Petrifying Springs Park Road, which consititutes
76 percent of the total watershed area, produces
a total average annual sediment yield from that
portion of the watershed of about 9,243 tons.
Applying the unit sediment load of 237 tons per

square mile per year to the entire Pike River water
shed produces a total average annual sediment yield
of about 11,873 tons.

The sediment yield data set forth in Table 60 also
illustrate the importance of storm water runoff
flows in generating sediment yields. Over 87 per
cent of the annual sediment yield is generated
during streamflows exceeding 100 cubic feet per
second, which occur only about 8 percent of
the time.

Table 61 compares the sediment yields estimated
by the application of the sediment rating curve·
flow duration curve method for the Milwaukee
River, Menomonee River, Kinnickinnic River, Root
River, Fox River, and Pike River watersheds. The
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Table 61

COMPARISON OF ESTIMATED SEDIMENT
YIELDS IN SELECTED WATERSHEDS

OF SOUTHEASTERN WISCONSIN

Drainage Area Sediment Yield
of Sediment !tons per
Sample Site square mile

Watershed (square miles) per year)

Kinnickinnic River ... 20 450.0
Pike River ........ 39 237.0
Menomonee River.... 123 97.5
Root River ........ 187 96.3
Milwaukee River .... 686 61.1
Fox River ........ 868 20.2

Source: SEWRPC.

comparison indicates that smaller watersheds tend
to have higher sediment yields on a unit-area basis
than larger watersheds have. The reported average
suspended sediment yield for the seven-county
Southeastern Wisconsin Region, excluding bedload,
was about 50 tons per square mile per year.18

Comparison of Transport Loads: A comparison of
estimated transport loads is set forth in Table 57.
The total phosphorus transport load estimated
by the Model Enhanced Unit Loading (MEUL)
method is very similar to the phosphrous load
estimated by the SEWRPC transport analysis.
The sediment transport loads estimated by the
MEUL method, by the Sediment Rating Flow
Duration Curve method, and by a recently updated
application of one method used by the U. S. Geo
logical Survey are also quite similar. Table 57
therefore indicates that the three methods of
estimating pollutant transport loads give results
which are consistent.

Comparison of Transport Loads to Unit Load
Analysis: These two different methods were
utilized in order to provide a comparability check
on the estimates of the major pollutant sources
in the watershed. The unit loading analysis set

18 S. M. Hindall and R. F. Flint, "Sediment Yields
of Wisconsin Streams," Hydrologic Investigations
Atlas HA-367, U. S. Geological Survey, Washing
ton, D. C., 1970.
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forth in SEWRPC Technical Report No. 21 pro
vides drainage channel pollutant loads, i.e., the
overbank delivered pollutant loads to the perennial
and intermittent stream and drainage system of the
Pike River watershed. The MEUL method provides
watershed transport loads, i.e., the loads trans
ported to the downstream end of a watershed or
subwatershed. Estimates of both channel and trans
port loads are useful to an understanding of the
pollution sources and conditions in a watershed,
and a comparison of these two different loading
estimates provides an insight into the factors
affecting nonpoint source pollutant load contribu
tions to the streams and the transport of these
pollutants through the stream system. The drainage
channel pollutant loads are an important measure
of relative pollutant loading conditions and the
more localized importance of pollutant sources
throughout an entire watershed. Transport load
ing estimates are important when considering
information relative to the total pollutant'loading
to a downstream point such as the mouth of the
Pike River at Lake Michigan.

Since the MEUL method develops watershed trans
port load estimates for nonpoint· source pollutants
on the basis of the land uses in a watershed, the
comparison was made at a level of the resulting
urban and rural nonpoint source proportions of the
total estimated loads. Table 62 summarizes the
results of the application of the MEUL method
loading rates and delivery ratios to the Pike River
watershed and compares resultant transport loads
to the watershed drainage channel pollutant loads
generated by the application of the SEWRPC
Technical Report No. 21 loading rates. Point
source load estimates from SEWRPC Technical
Report No. 21 are used with the MEUL method
nonpoint source load estimates to estimate total
pollutant transport from the watershed. This
assumes that the point source loads exhibit essen
tially complete transport to the mouth of the river.

Review of the results of these two different analy
tical methods indicates that there is a reasonable
relationship between the loading estimates. Com
parisons were made for total urban nonpoint and
total rural nonpoint watershed loads. The com
parison of loads for each individual detailed land
use category was not deemed appropriate since the
two methods of estimating loads were developed
independently, at a systems level of accuracy, and
on the basis of research study reports from dif
ferent time periods, thus reflecting changes in
the state-of-the-art of pollutant load estimating.
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Table 62

SUMMARY COMPARISON OF ESTIMATED CHANNEL AND TRANSPORT LOADINGS
FROM POLLUTANT SOURCES IN THE PIKE RIVER WATERSHED: 1975

Estimated Pollutant Loads Presented in Pounds per Year,
Except for Fecal Coliform Presented in Counts x 108

per Year, and Sediment Presented in Tons per Year

SEWRPC Technical Report
No. 21 Drainage MEUL Method

b
Channel Loadsa Transport Load

Total Percent Total Percent
Estimated of Estimated of

Source Parameter Loading Total Loading Total

Urban Point Phosphorus 4,750 7 4,750 13
Sediment 35 <1 35 <1

Urban Nonpoint Phosphorus 47,620 67 23,720 64
Sediment 69,730 50 10,140 83

Urban Source Phosphorus 52,370 74 28,470 77
Totals Sediment 69,765 50 10,175 83

Rural Nonpoint Phosphorus 18,910 26 8,690 23
Sediment 68,475 50 2,030 17

Total Nonpoint Phosphorus 66,530 93 32,410 87
Sources Sediment 138,205 100 12,170 100

Total Sources Phosphorus 71,280 100 37,160 100
Sediment 138,240 100 12,205 100

aSee SEWRPC Technical Report No. 21, Sources of Water Pollution in Southeastern Wisconsin: 1975. These drainage channel pollutant loads
represent pollutant contributions from very small dramage areas. Only a portion of these loads would be delivered to the major stream channel
and to the mouth of the Pike River.

b The point source loads under the MEUL method are those presented in SEWRPC Technical Report No. 21. Since the MEUL method does not
include a component for point source loads, these were added to obtain a total loading comparison. The MEUL method loads represent the
portion of the total watershed load transported to the mouth of the Pike River.

Source: SEWRPC.

Accordingly, it was concluded that comparisons of
load proportions at the most detailed level of land
use categories were not warranted.

As could be expected, the MEUL method results
in total phosphorus and sediment transport load
quantities from nonpoint sources which are gen
erally lower than the quantities estimated from
drainage channel pollutant loads in SEWRPC
Technical Report No. 21. The transport loads of
phosphorus and sediment from nonpoint sources,
as estimated by the MEUL method, represent
49 percent and 9 percent of the drainage channel
pollutant loads of phosphorus and sediment, respec
tively, as estimated in SEWRPC Technical Report
No. 21. The transport loads are expected to be

lower than the drainage channel pollutant loads
because only a portion of the total amount of
pollutants contained in storm water runoff-Leo
drainage channel pollutant loads-is transported
to the mouth of the river-Le., transport loads.
This expected relationship between drainage chan
nel pollutant loads and transport loads is demon
strated by the review of both the total urban and
the total rural nonpoint source loads. The percent
of the total phosphorus load contributed by the
total of all urban nonpoint sources-much of which
is dissolved phosphorus-is nearly identical for
drainage channel and transport pollutant loads
(67 percent versus 64 percent). The MEUL method
analysis indicates that the transport of sediment
from all urban nonpoint sources constitutes about
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80 percent of the total sediment transport load,
while Technical Report No. 21 indicates that about
50 percent of the total sediment drainage channel
load is contributed by urban nonpoint sources.
This difference in percentage of total sediment
loads can be attributed, in part, to a significantly
greater transport of particulate materials from
impervious storm sewered urban surfaces than
from the pervious rural surfaces, as demonstrated
by the MEUL method analysis. o

Figure 37

SUMMARY OF AVERAGE ANNUAL
POLLUTANT YIELDS FROM SOURCES

IN THE PIKE RIVER WATERSHED

LEGEND
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SANITARY SEWERAGE SYSTEM FLOW RELIEF DEVICES

I

I

With regard to rural nonpoint sources, the propor
tion of the total phosphorus load contributed by
runoff from cropland and other rural land is similar
for channel loads and transport loads. However,
the proportion of the total sediment load con
tributed by rural nonpoint sources is lower for the
transport load than it is for the drainage channel
pollutant load. The MEUL method analysis results
demonstrate the effective pollutant removal prop
erties in rural areas, especially for sediment loads
from cropland and other rural land. Nevertheless,
phosphorus sediment loads from rural nonpoint
sources constitute a significant portion-about
one-fifth-of the total transport load of these
pollutants in the Pike River watershed.

NONPOINT URBAN LAND USES

c:J NONPOI NT RURAL LAND USES

BIOCHEMICAL
OXYGEN DEMAND

Pollution Sources: Overview
Figure 37 provides a graphic summary of average
annual loads of selected pollutants to the stream
network of the Pike River watershed, from point
and nonpoint sources. The following observations
may be made and conclusions may be drawn based
on the identification, characterization, and quanti
fication of pollution sources:

• There were, in 1975, two municipal sewage
treatment plants in the Pike River water
shed which contributed 3 percent of the
total average annual flow from the water
shed and 30 percent of the total point
source flow. The average annual contribu
tion of biochemical oxygen demand, total
nitrogen, total phosphorus, and sediment
from municipal point sources is small, rang
ing from less than 1 percent to 7 percent of
the total annual transport of such materials
from the watershed. Fecal coliform loads,
however, have historically been significant,
about 50 percent of the total, due chiefly to
bypasses and overloaded conditions from the
former Village of Sturtevant sewage treat
ment plant. The two municipal point sources
are located in the upper portions of the
watershed, with one discharging to Waxdale
Creek at Sturtevant and one discharging to
the Somers Branch of Pike Creek.
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• Sanitary sewage enters the surface water
system of the watershed through two types
of flow relief devices, consisting of six cross
overs and two bypasses. These flow relief
devices are concentrated in the lower water
shed in the City of Kenosha except for one
bypass located at the Sturtevant sewage treat
ment plant on the upper portion of the Pike
River, and one pumping station bypass 19 in
the Town of Mt. Pleasant also located in the
upper portion of the watershed. A bypass
located at the Town of Somers Sewer Utility
District No. 1 sewage treatment plant on
Somers Branch of Pike Creek was sealed off
in 1978 when an addition to the plant was
put into operation. When compared to other
pollution sources in the watershed, these flow
relief devices do not have a severe impact on
instream water quality conditions as they
contribute a maximum of 3 percent of any
of the total channel loads of pollutants
studied. However, all of these flow relief
devices should be abated as a source of pol
lution because they constitute public health
hazards in the immediate vicinity of the
discharge point; they cause objectional aes
thetic conditions; and they are sympto
matic of excessive clear water entering the
sanitary sewer system and, therefore, may
indicate potential basement flooding and
hydraulic overloads of the sanitary sewerage
system. These devices should be eliminated,
except where they must be maintained to
protect sewage treatment units against
extreme events which are beyond planned
design conditions.

• Five industrial establishments which dis
charge wastewaters through eight outfalls
are known to exist in the watershed and
constitute an important component of the
hydraulic budget of the basin, accounting
for 9 percent of the total average annual
flow from the basin and about 67 percent
of the total point source flow. These eight
industrial outfalls all normally discharge
spent cooling waters which are reported to
contain no or very low concentrations of
pollutants. While these industrial outfalls
should not have adverse effects on stream
water quality, it should be noted that there

19 This bypass was eliminated on March 28 1980.,

may be water quality problems occasionally
associated with spills of substances which
may, as a result of accidental or intentional
discharge with the spent cooling waters,
contribute pollutants to the surface waters
of the watershed. The industrial discharges
are all located in the upper portions of the
watershed, with three outfalls discharging to
the Pike River near Sturtevant, two outfalls
to Sorenson Creek, and three ouifalls to
Waxdale Creek. The average annual con
tribution of biochemical oxygen demand,
total phosphorus, total nitrogen, fecal coli
forms, and sediment from these sources is, as
already indicated, very small, contributing
less than 1 percent to the total annual trans
port of these materials from the watershed.

• Nonpoint source pollution includes materials
washed from the atmosphere, land surface,
or subsurface by rainfall, by snowmelt, or
by seepage waters, and conveyed to surface
waters. The majority of potential pollutants
accumulated on or near the land surface may
be traced to a variety of man's activities or
to the effects of man's activities. Nonpoint
sources account for a major portion of the
total annual pollutant load imposed on the
surface waters of the Pike River watershed:
95 percent of the biochemical oxygen
demand, 96 percent of the total nitrogen,
93 percent of the total phosphorus, 46 per
cent of the fecal coliform, and nearly
100 percent of sediment.

• Of the total nonpoint source pollutant load
to the watershed, urban and rural sources are
estimated to contribute approximately equal
amounts of biochemical oxygen demand,
fecal coliform counts, and sediment. Rural
sources are located primarily in the upper
watershed and contribute about 80 percent
of the nonpoint nitrogen loading and 30 per
cent of the nonpoint phosphorus loading.
The remaining nonpoint source load, from
urban sources, is contributed primarily in
the lower reaches of the watershed.

• During dry weather conditions, the recom
mended temperature and pH standards are
met virtually all of the time. Violations of
the ammonia nitrogen standard occur infre
quently-only about 10 percent of the
time-in the upstream portion of the water
shed in the Pike River main stem below the
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Village of Sturtevant sewage treatment plant.
The phosphorus, dissolved oxygen, and fecal
coliform standards are violated from 20 to
60 percent of the time during dry weather
conditions, indicating point sources and
inplace pollutants to be major sources of
these conditions during periods of low flow
when streamflow capacity for dilution of
pollutants is limited.

• During wet weather conditions, the estab
lished temperature, pH, dissolved oxygen,
and ammonia nitrogen standards are met
nearly all of the time. However, the recom
mended phosphorus and fecal coliform stan
dards are violated more than 50 percent of
the time during wet weather indicating that
major contributions of these pollutants are
related to nonpoint sources.

• Pollutant sources identified in the Pike River
watershed can be categorized into point
sources, urban nonpoint sources, and rural
nonpoint sources. Known point sources of
pollution include eight sanitary sewage flow
relief devices, two municipal sewage treat
ment plants, and five industrial sources
which have eight outfalls. Nonpointsources
of pollution include materials washed from
the atmosphere, and the land surface or
subsurface, by rainfall, by snowmelt, or by
seepage waters. In urban areas, these pollu
tants are conveyed to the surface waters
directly or, as in many cases in the Pike
River watershed, via one of the four storm
sewer systems located in the watershed. As
of 1975, urban land uses comprised about
28 percent of the Pike River watershed,with
the approximately 6.3 square miles of resi
dential land use being about one-half of
the total urban land. Other significant fac
tors in the urban nonpoint effect on water
quality conditions in the watershed were
the approximately 1.2 square miles of com
mercial land use and 0.7 square mile of
industrial land use, and the septic tanks
which served about 4,200 persons. The
approximately 1.2 square miles of land
under construction is also a potential source
of nonpoint source pollutants. Rural lands
comprised about 72 percent of the water
shed, with pollutant loadings from the
32.4 square miles of cropland and the esti
mated 980 livestock equivalents being the
most significant rural pollutant sources.

238

SUMMARY

The activities of man and the occurrences of nature
affect and are affected by the quality of surface
water. In a watershed, such as the Pike River
watershed, the effects of human activities on water
quality tend to overshadow the natural influences.
A comprehensive watershed planning program must
assess water quality conditions and, if pollution
problems exist, or are likely to develop, must
address the abatement of such problems in the
plan preparation phase of the work. This chapter
determines the extent to which surface waters in
the Pike River watershed have been and are pol
luted, and identifies the sources of that pollution.

The term "water quality" encompasses the physical,
chemical, and biological characteristics of water.
Water is deemed to be polluted when foreign sub
stances caused by, or related to, human activities
are in such form and concentration as to render the
water unsuitable for desired beneficial uses. Water
pollution may be classified as one or more of the
following eight types, depending on the nature of
the substance causing the pollution: toxic pollu
tion, organic pollution, nutrient pollution, patho
genic or disease-carrying pollution, thermal pollu
tion, sediment pollution, radiological pollution,
and aesthetic pollution. Water pollution is relative
in the sense that determination of whether or not
a particular water resource is polluted is a function
of the intended use of that water resource; that is,
water may be polluted with respect to some uses
and not polluted with respect to others.

Many parameters or indicators are available for
measuring and describing water quality. The
parameters used in analyzing water quality condi
tions in the Pike River watershed include tempera
ture, dissolved solids, suspended solids, specific
conductance, turbidity, hydrogen ion concentra
tion (pH), chloride, dissolved oxygen, biochemical
oxygen demand, total and fecal coliform bacteria
counts, phosphorus and nitrogen forms, aquatic
flora and fauna, heavy metals, pesticides, and
polychlorinated biphenyls (PCB's).

Water quality standards supporting water use
objectives for the watershed surface water system
provide a scale against which historic and existing
water quality can be judged. For purposes of the
comparative water quality analysis set forth in this
chapter, the water quality standards corresponding
to the "warmwater fishery and aquatic life, recrea
tional use and minimum standards" objectives
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established under the areawide water quality man
agement planning program, in conformance with
the national water quality objectives cited in
Public Law 92-500, have been used.

A distinction must be drawn between instream
water quality during dry weather conditions and
during wet weather conditions. Dry weather
instream quality reflects the quality of ground
water discharged to the stream plus the continuous
or intermittent discharge of various point sources,
such as industrial cooling or process waters and
leakage or other continuous discharges from
municipal wastewater treatment facilities. While
instream water quality during wet weather condi
tions includes the above discharges, the dominant
influence-particularly during major rainfall or
snowmelt events-is the load from soluble and
insoluble substances washed into the streams by
stormwater runoff. This runoff moves from the
land surface to the stream waters by overland
routes, such as drainage ditches and streets and
highway ditches and gutters, or by the under
ground storm sewer system. Wet weather condi
tions--defined as being days on which 0.10 inch or
more of precipitation occurs-may be expected to
occur on an average of 18 percent of the days in
a given year in the Pike River watershed.

A variety of data sources, based primarily on field
studies and dating back to 1955, were used to
assess the historic and existing water quality in
surface water in the Pike River watershed. Most of
the historic water quality monitoring information
available for the watershed represents dry weather
conditions with some information available on
wet weather conditions and relatively little infor
mation on either dry or wet weather condition
concentrations of such more exotic pollutants
as heavy metals, pesticides, and polychlorinated
biphenyls (PCB's).

The past studies have shown that high concentra
tions of pollutants are more likely to occur during
wet weather conditions in the Pike River watershed
than during dry weather conditions. The ratio of
measured wet weather to measured dry weather
pollutant concentrations ranges from 0.8 to 3.13.
The ratio of wet weather to dry weather pollutant
transport values ranges from 2.3 to 13 and is signi
ficantly greater than the ratio of wet weather to
dry weather concentrations. That is, as may be
expected, wet weather conditions generally have
a greater impact on pollutant transport from the
watershed than on pollutant concentrations, since

wet weather causes sIgnificant dilution in the
stream systems in addition to causing the increased
pollutant loading.

During dry weather conditions, the recommended
temperature and pH standards appear to be satis
fied in the Pike River system virtually all of the
time. Infrequent violations-about 10 percent of
the time-of the ammonia nitrogen standard are
noted in the upstream portion of the watershed
below the Village of Sturtevant sewage treatment
plant. In contrast, the phosphorus, dissolved
oxygen, and fecal coliform standards are violated
from 20 to 60 percent of the time during dry
weather conditions.

During wet weather conditions, the established
temperature, pH, and ammonia nitrogen standards
appear to be satisfied nearly all of the time; dis
solved oxygen standards were met nearly all of the
time in the upstream reaches and about 80 percent
of the time in the downstream reaches; and the
recommended phosphorus and fecal coliform stan
dards appear to be violated most of the tittle.

An adequate assessment of the magnitude and
extent of toxic and hazardous substance contami
nation of the Pike River watershed cannot be
made from the limited data available.

The benthic community in the watershed is com
posed of large populations of pollutant tolerant
species and only limited populations of intolerant
species, a situation indicative of polluted to semi
polluted conditions.

Of the eight potential types of surface water pollu
tion, all but thermal and radiologic pollution are
known to exist to at least some degree in the Pike
River watershed. The quality of the surface waters
of the Pike River watershed generally does not
support warmwater fishery and aquatic life objec
tives, nor does it generally support recreational
use objectives.

Commission inventories indicate that as of 1975
the major sources of water pollution in the Pike
River watershed included two municipal sewage
treatment plants; eight sanitary sewage flow relief
devices; private onsite sewage disposal systems
serving about 4,200 residents; residential, com
mercial, and industrial land runoff; sediments from
construction erosion; agricultural cropland runoff;
and livestock wastes. Other land uses and the five
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industrial establishments, which discharged spent
cooling waters through a total of six outfalls were
found to contribute relatively minor amounts of
pollutants to the Pike River and its tributaries.

Point source pollutant loads in the Pike River
watershed were estimated by utilizing measured
data obtained under the Wisconsin Pollution Dis
charge Elimination System. Pollutant loads from
all other sources were estimated based on infor
mation presented in SEWRPC Technical Report
No. 21, Sources of Water Pollution in Southeastern
Wisconsin: 1975. Based on these analyses, urban
sources of pollution are estimated to contribute
23 percent of the nitrogen, 74 percent of the
phosphorus, 56 percent of the biochemical oxygen
demand, 75 percent of the fecal coliform, and
51 percent of the sediment which occur as water
pollutants to the Pike River. Of this urban total,
nonpoint sources account for 82 percent of the
nitrogen, 91 percent of the phosphorus, 90 percent
of the biochemical oxygen demand, 29 percent of
the fecal coliform, and nearly all of the sediments
contributed by urban sources. Point sources were
estimated to contribute the balance of the urban
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total load: 18 percent of the nitrogen, 9 percent of
the phosphorus, 10 percent of the biochemical
oxygen demand, 71 percent of the fecal coliform,
and less than 1 percent of the sediment. Of the
total pollutant loads, rural pollutant sources-a1l
nonpoint in nature-contribute an estimated 77 per
cent of the nitrogen, 26 percent of the phosphorus,
44 percent of the biochemical oxygen demand,
25 percent of the fecal coliform, and 49 percent
of the sediment from all sources.

As an alternative to the unit load analysis, which
estimates drainage channel pollutant loads from
very small drainage areas, methods can be. used to
estimate transport loads at the mouth of the water
shed. These methods indicate the proportions of
the drainage channel pollutant loads which are
actually delivered to the mouth of the watershed.
The transport loads from nonpoint sources as esti
mated by the Commission represent 79 percent
of the nitrogen, 50 percent of the phosphorus,
26 percent of the biochemical oxygen demand,
and 9 percent of the sediment, when compared to
the drainage channel pollutant loads estimated by
the unit load analysis.
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Chapter VIII

WATER RESOURCE SIMULATION MODEL

INTRODUCTION

A quantitative analysis of watershed hydrology,
hydraulics, and water quality under existing and
alternative future conditions is a fundamental
requirement of any comprehensive watershed
planning effort. Of particular interest to the water
shed planning process are: 1) those aspects of the
hydrology and hydraulics of the watershed which
affect peak flood discharges and stages and, there
fore, floodland management planning; and 2) those
aspects which affect water quality conditions, such
as periods of critically low streamflows or of wash
off from the land surface, and therefore water
quality management planning.

Discharge, stage, and water quality at any point
and time within the surface water system 1 of
a watershed are a function of three factors. The
first is the meteorological events which determine
the amount of runoff and, therefore, not only the
amount of water that the stream system must carry
in times of high flow, but also base flow levels and
the amounts of water available for various instream
uses including the maintenance of a fishery, recrea
tion, and waste assimilation. The second factor is
the nature and use of the land, with emphasis on
those features that affect the quantity and tem
poral distribution of runoff and the quality of that
runoff. The third factor is those stream characteris
tics that determine the manner in which runoff
from the land moves through the stream system.
These characteristics significantly influence flood
discharges and stages, and the rate at which pollu
tants are either assimilated within or transported
from the watershed.

1A system is defined as a set of interdependent
physical units and processes organized or arranged
so as to interact in a predictable, regular manner,
the understanding or manipulation of which can be
used to advance some objective or function.

Recently developed water resources engineering
techniques make it possible to calculate existing
and future hydrologic, hydraulic, and water quality
conditions in a watershed as influenced by the
above three factors. These techniques involve the
formulation and application of mathematical
models that simulate2 the behavior of the surface
water system. These models, which are usually pro
grammed for digital computer application, permit
the necessary quantitative analysis of hydrology,
hydraulics, and water quality under existing and
alternative future conditions as required in the
comprehensive watershed planning effort.

The purpose of this chapter is to describe the
Water Resource Simulation Model-actually a com
bined hydrologic, hydraulic, water quality, and
flood economics model-used in the Pike River
watershed planning program. More specifically,
this chapter discusses model selection, the sub
models contained within the model, input data
requirements and data base development, and
model calibration. 3 Not all of the voluminous
quantity of input and output data resulting from
the modeling effort is included in this report.
However, data not included are available in Com
mission files.

2Simulation is defined as reproduction of the
important behavioral aspects of the system. It
should be emphasized that simulation, as used in
comprehensive watershed planning, does not nor
mally achieve, or need to achieve, exact duplica
tion of all aspects of system behavior.

3 For further background information on water
resources modeling, including discussions of the
need for, and nature of, modeling, discrete event
versus continuous process models, and the use of
algorithms, see Chapter VIII of SEWRPC Planning
Report No. 26, A Comprehensive Plan for the
Menomonee River Watershed, Volume One, Inven
tory Findings and Forecasts, October 1976.
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It is important to emphasize that the model used
in the Pike River watershed planning program, or
more specifically the mathematical computations
and logic decisions executed during the operation
of that model, are no more and no less sophis
ticated or valid than the operations which could,
with sufficient personnel and time, be accom
plished manually. The only advantage of digital
computer simulation over manual computations is
the rapidity of the computer computations. The
application of mathematical simulation models
to water resources planning and engineering was
dependent on the development of a computational
device-the digital computer-capable of rapidly
making, without error, voluminous repetitive cal
culations and logic operations and was not depen
dent on an increased understanding of hydrologic,
hydraulic, and water quality processes. In fact,
most of the hydrologic, hydraulic, and water
quality phenomena included in the most sophis
ticated water resource simulation models were
known and formulated many years prior to the
advent of simulation, some as early as the
eighteenth century. Because of the staff and time
requirements and associated monetary costs, it
would have been impractical to manually execute
the computations necessitated in even a single
application of the model used in the Pike River
watershed study.

MODEL USED IN THE PIKE RIVER
WATERSHED PLANNING PROGRAM

Model Selection Criteria
Prior to the selection by the Commission in 1974
of a hydrologic-hydraulic-water quality-flood eco
nomics model for use in the Menomonee River
watershed planning program, that proposed plan
ning program as well as the water resource prob
lems of that watershed were examined in order to
determine the applicability of simulation modeling.
Based on that examination, it was determined that
the "ideal" model should:

1. Be able to simulate the hydrology, hydraulics,
and water quality conditions of streams and
watercourses in both rural and urban areas.

2. Be able to compute 100-year recurrence
interval flood discharges and stages with
sufficient accuracy for use in delineating
floodland regulatory districts and areas.

3. Be able to calculate a wide range of flood
discharges and stages for federal flood
insurance study purposes.
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4. Be able to accurately incorporate the effects
of hydraulic structures such as bridges,
culverts, and dams and of localized flood
land encroachments on upstream and down
stream flood discharges and stages.

5. Be able to compute average annual flood
damages and costs and benefits of alternative
floodland management measures.

6. Be able to accurately incorporate the hydro
logic and hydraulic effects of land use
changes-particularly the effects of the
conversion of land from rural to urban
uses-not only within the floodlands but
within the entire tributary watershed.

7. Be able to accurately incorporate the hydro
logic and hydraulic effects of alternative
structural flood control works, such as chan
nelization, dikes and floodwalls, and storage
impoundments.

8. Permit assessment of the impact on surface
water quality of discharges from point
sources of pollution such as municipal and
industrial discharges.

9. Permit assessment of the impact on surface
water quality of diffuse, or nonpoint, sources
of pollution, such as organic materials and
plant nutrients washed from the land surface
or leached out of soil profiles.

In addition to the application of these nine criteria
which pertain directly to the needs of the Meno
monee River watershed planning program-and
which are also applicable to the Pike River water
shed planning program-the model selection pro
cess involved two determinations related to the
overall work program of the Commission. First,
because the installation of a new model, or a por
tion of a new model, requires considerable staff
time and expense, maximum use should be made
of existing in-house models. Second, the model
selected for use in the Commission watershed
planning programs should have the potential to
substantially fill the water resource simulation
modeling needs of other ongoing or scheduled
Commission water resources planning programs.
During the .time period in which the model was
being selected and implemented on the Commis
sion's computer system for the Menomonee River
watershed study-approximately June 1974 to
April 1975-the Commission was either partici
pating in or planning to undertake the following



major water resource-related studies: The Inter
national Joint Commission Menomonee River pilot
watershed study, 4 the Kinnickinnic River water
shed planning program,5 and the areawide water
quality planning and management program.6 Since
it was anticipated that the model or portions of it
would be extensively used in these and other Com
mission water resources planning programs over
a period of several years, it was deemed desirable
to select a flexible model and one for which some
formal model maintenance, refinement, and exten
sion services were available.

Model Selection
No single digital computer model existed that
had the capability of meeting all of the selec
tion criteria. Therefore, the modeling require
ments were satisfied by using a combination of
several different existing digital computer pro
grams-a model "package"-that could be used in
sequence to satisfy the modeling needs of the
Commission water resource-related planning pro
grams. Figure 38, which graphically illustrates the
overall structure of the selected model, identifies
five submodels, or computer programs, within the
model that perform the calculations; shows the
relationships between these submodels; indicates
the input and output of each submodel; and indi
cates the uses of the simulation model results. The
set of submodels contains both continuous process
and discrete event submodels selected so as to
maximize the favorable features of each of the two
basic model types.

The Hydrologic Submodel, Hydraulic Submodel1,
and the Water Quality Submodel are three com
puter programs contained within a program pack-

4 Wisconsin Department of Natural Resources, Uni
versity of Wisconsin System-Water Resources
Center, and Southeastern Wisconsin Regional Plan
ning Commission, Menomonee River Pilot Water
shed Study Work Plan, September 1974.

5 Southeastern Wisconsin Regional Planning Com
mission, Kinnickinnic River Watershed Planning
Program Prospectus, November 1974.

6 Southeastern Wisconsin Regional Planning Com
mission, Study Design for the Areawide Water
Quality Planning and Management Program for
Southeastern Wisconsin, 1975-1977, revised
August 1975.

Figure 38
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Source: SEWRPC.

age called "Hydrocomp Simulation Programming."7

This computer program, which is available on
a proprietary basis through the consulting firm
Hydrocomp, Inc., has been under development
since the early 1960's, when pioneer work in
hydrologic-hydraulic modeling was initiated at
Stanford University. 8 In 1972, the Hydrocomp
firm added water quality simulation capability
to the model. The Hydrocomp programming
that is, the Hydrologic Submodel, Hydraulic Sub
modell, and the Water Quality Submodel-are
continuous process submodels that were installed
on the SEWRPC computer system in late 1974 and
early 1975.

7 Hydrocomp, Inc., Hydrocomp Simulation Pro
gramming Operations Manual, Fourth Edition,
January 1976; and Hydrocomp, Inc., Hydrocomp
Water Quality Operations Manual, April 1977.

8 N. H. Crawford and R. K. Linsley, Digital Simula
tion in Hydrology: Stanford Watershed Model IV,
Technical Report No. 39, Department of Civil Engi
neering, Stanford University, July 1966.
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The submodel identified as Hydraulic Submodel 2
is the U. S. Army Corps of Engineers Program
called "Water Surface Profiles." 9 This discrete
event, steady state model was provided to the
Commission without cost by the Hydrologic
Engineering Center of the Corps of Engineers and
is continuously maintained by the Center at no
cost to the Commission. This large computer
program has been used extensively by the Com
mission in its floodland management planning and
plan implementation activities since mid-1972,10
and has been operable on the Commission com
puter system since February 1974. The Flood
Economics Submodel is an extension of a com
puter program originally prepared by the Com
mission staff in November 1973 for the purpose
of conducting an economic analysis of floodland
management alternatives along the North Branch
of the Root River in the City of West Allis.

Each of the five submodels is described briefly
below. These separate discussions emphasize the
function of each submodel within the overall
modeling scheme, the types of algorithms that are
contained within each submodel, data needs, and
the kinds of output that are provided.

Hydrologic Submodel: The principal function of
the Hydrologic Submodel is to determine the
volume and temporal distribution of flow from the
land to the stream system. As used here, the con
cept of runoff from the land is broadly interpreted
to include surface runoff, interflow, and ground
water flow to the streams. The amount and rate
of runoff from the land to the watershed stream
system are largely a function of two factors. The
first is the meteorological events which determine
the quantity of water available on or beneath the
land surface and the second key factor is the
nature and use of the land.

The basic conceptual unit on which the Hydrologic
Submodel operates is called the hydrologic land
segment. A hydrologic land segment type is

9 U. S. Army Corps of Engineers, Hydrologic Engi
neering Center, Computer Program 723-X6-L202A,
HEC-2, Water Surface Profiles Users Manual, Davis,
California, November 1976.

10 From late 1970 to mid-1972, the Commission
used the U. S. Army Corps of Engineers program
"Backwater-Any Cross-Section," the predecessor
of the current program.
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defined as a unique combination of meteorological
characteristics such as precipitation and tempera
ture, land characteristics such as the proportion of
land surface covered by impervious surfaces, soil
type, and slope. A strict interpretation of this
definition results in a virtually infinite number of
unique hydrologic land segment types within even
a small watershed because of the large number of
possible combinations of meteorological character
istics, land characteristics, and soils which exhibit
a continuous, as opposed to discrete, spatial varia
tion throughout the watershbd. To apply the
concept, the study area is divided into hydrologic
land segments. A hydrologic land segment is
defined as a surface drainage unit which exhibits
a runoff pattern characteristic of a unique hydro
logic land segment type. Thus the practical, opera
tional definition of a hydrologic land segment is
a surface drainage unit consisting of a subbasin, or
a combination of subbasins, that are represented
by a particular hydrologic land segment type. The
hydrologic land segments were defined so as to
provide a travel time of approximately one hour
for flow through the segment, and so that simu
lated output data could be obtained at sites where
historic water quality sampling data are already
available or at points located upstream or down
stream of known sources of pollution. As described
later in this chapter, 12 hydrologic land segment
types and 46 hydrologic land segments were iden
tified within the Pike River watershed for the
modeling of existing conditions.

The hydrologic processes explicitly simulated
within the Hydrologic Submodel are shown in
Figure 39. The submodel, operating on a time
interval of one hour or less, continuously and
sequentially maintains a water balance within and
between various hydrologic processes. The water
balance accounting procedure is based on the
interdependence between the various hydrologic
processes shown schematically in Figure 40. The
Hydrologic Submodel maintains a running account
of the quantity of water that enters, leaves, and
remains within each phase of the hydrologic cycle
during each successive time interval.

As already noted, the volume and rate of runoff
from the land is determined by meteorological
phenomena and the nature and use of the land.
Therefore, meteorological data and land data con
stitute the two principal types of input data for
each land segment type in the Hydrologic Sub
model. Table 63 identifies eight categories of
historic meteorological data sets, seven of which
are input directly or indirectly to the Hydrologic



Figure 39

PROCESSES SIMULATED IN THE
HYDROLOGIC SUBMODEL

~~~~~~~~~~~~~~
PRECIPITATION (RAIN OR SNOW)

Source: Hydrocomp, Inc. and SEWRPC.

Submodel for each land segment type, and notes
the use of each data set. The procedures used to
acquire or develop the eight different types of
meteorological data sets used in simulating the
hydrologic response of the Pike River watershed
land surface are described later in this chapter.

Table 64 identified the 16 land and 12 snow
parameters that are input to the Hydrologic
Submodel for each hydrologic land segment type
and indicates the primary source of numerical
values for each parameter. The numerical values
assigned to each of these land parameters for
a given land segment have the effect of adapting
the Hydrologic Submodel to the land segment
type. The procedures used to assign values to the
land parameters for each hydrologic land segment
type are described later in this chapter.

Hydraulic Submodel 1: The primary function of
Hydraulic Submodel 1 is to accept as input the
runoff from the land surface in combination with
point and groundwater discharges as produced by
the Hrfrologic Submodel, to aggregate it, and to
route it through the stream system, thereby
producing a continuous series of discharge values
at predetermined locations along the rivers and
streams of the watershed. Computations proceed at
a time interval of an hour or fraction thereof.

11 Routing refers to the process in which a stream
flow hydrograph for a point at the entrance to
a river reach or an impoundment, such as a lake
or reservoir, is significantly attenuated-that is the
peak flow is reduced and the base lengthe~ed
through the reach or impoundment as a result of
either temporary channel-floodplain storage or tem
porary impoundment storage.

Statistical analyses performed on the resulting
continuous series of discharges yield the various
recurrence interval flood discharges that are then
input to Hydraulic Submodel 2 for calculation of
stage. Stages are also computed by Hydraulic
Submodel 1, but because of the highly simplified
manner in which channel-floodplain geometry is
represented in the model, these stages are not, in
the opinion of the Commission staff, accurate
enough for certain watershed planning purposes,
including mapping of floodland regulatory zones,
testing of the hydraulic adequacy of bridges and
culverts, and determination of flood damages. The
discharges produced by Hydraulic Submodel1 are,
however, judged adequate for all watershed plan
ning applications.

Hydraulic Submodel 1 was also used as a discrete
event simulation model, which involved utilizing,
as input to the model, data characterizing discrete
rainfall events which produce the various recur
rence interval floods, operating the model at
a 15-minute computational time interval, and gen
erating as output the corresponding instantaneous
peak discharges from the resulting hydrographs.
This version of Hydraulic Submodel 1 was neces
sary for use on the headwater reaches of the Pike
River and Pike Creek, and their tributaries because
of the tendency for these small drainage basins to
experience a rapid rise and fall of floodwaters, thus
creating the possibility of the instantaneous peak
discharge not being correctly simulated because
the model would be otherwise operated at too
large a computational time interval-such as one
hour interval or greater. More specifically, selected
total rainfall amounts for specified duration rain
fall events-as shown in Figure C-2 of Appen
dix C-were distributed over their respective
durations at 15 minute time intervals and thus
applied to generate the simulated instantaneous
peak flood discharge for the specified recurrence
interval event. 12 Hydraulic Submodel 1 was thus
operated at a 15-minute computational time inter
val for each duration rainfall event, which produced
several hydrographs and corresponding instantane
ous peak discharges for the various duration rainfall
events. The largest instantaneous peak discharge
obtained from the various duration rainfall events
for the particular recurrence interval flood was
chosen for use in Hydraulic Submodel 2.

12 Michael L. Terstriep, and John B. Stall "The
Illinois Drainage Area Simulator, ILLUDAS, "
Illinois State Water Survey, Bulletin 58, Urbana,
1974.
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Figure 40

INTERDEPENDENCE BETWEEN PROCESSES IN THE HYDROLOGIC SUBMODEL
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Table 63

METEOROLOGICAL DATA SETS AND THEIR USE IN THE HYDROLOGIC AND WATER QUALITY SUBMODELS

Use in Synthesizing

Frequency Origin of Data Use in Other Meteorological

Use in Water Qual ity Input Data

Data Set Units Desirable Allowable Historic Computed Hydrologic Submodel Submodel for the Submodels

Precipitation 10-2 inches Hourly or Daily X - Rain or snowfall applied - -
more frequen t to the land

Data from hourly stations

used to disaggregate data
from daily stations

Radiation Langleys/ Daily Semimonthly - X Snowmelt Water temperature- Compute potential
Daya heat flux to water evaporation

by short wave

solar radiation

Potential 10-3 inches Daily Semimonthly - X Evaporation from lakes, - -
Evaporation reservoirs, wetlands,

depression storage, and

interception storage
Evapotranspiration from

upper zone storage, lower
zone storage, and
grou ndwater storage

Evaporation from snow

Temperature OF Daily - X - Snowmelt Water temperature- Average daily
Imaximum Density of new snow heat flux to water temperature used
and minimum) Occu rrence of surface by long to compute

precipitation as snow wave solar evaporation

radiation
Water temperature-

heat flux from

water by conduc-

tion-convection

Wind Movement Miles/Day Daily - X - Snowmelt by conden- Water temperature- Compute evaporation

sation-convection heat loss from

Evaporation from snow water su dace by
evaporation

Lake reaeration

Dewpoint- OF Daily Semimonthly X - Snowmelt by conden- Water temperature- Compute evaporation
Temperatureb sat ion-convection heat loss from

Evaporation from snow water surface by
evaporation

Cloud Cover Decimal Daily Semimonthly X - - Water temperature- -
fraction heat flux to water

surface by long
wave solar

radiation

Sunshine Percent Daily - X - Used indirectly Used indirectly Compute solar
possible radiation wh ich

was in turn used
to compute
evaporation

a Solar energy flux, that is, the rate at which solar energy is delivered to a surface-such as the earth's surface-is expressed in terms of energy per unit area per unit
time_ The langley expresses energy per unit area and is equivalent to 1.0 calories!cm2 or 3.97 x Hj3 BTU/cm2. Therefore, a langley/day, which expresses solar
energy flux in terms of energy per unit area per unit time, is equivalent to 1.0 calories/cm2/day or 3.97 x Hj3 BTU!cm2/day. The solar energy flux above the
earth's atmosphere and normal to the radiation path is about 2,880 langleys/day.

b Dewpoint temperature is the temperature at which air becomes saturated when cooled under conditions of constant pressure and constant water vapor content.

Source: Hydrocomp, Inc., and SEWRPC.

247



Table 64

PARAMETERS REQUIRED FOR EACH HYDROLOGIC LAND
SEGMENT TYPE SIMULATED WITH THE HYDROLOGIC SUBMODEL

Parameter

Number Symbol Definition or Meaning Unit Primary Source of Numerical Valuesa

1 K1 Ratio of average annual segment precipitation None Isohyetal map of annual precipitation

to average annual precipitation at measuring
station

2 A Impervious area factor related to directly None Aerial photographs

connected impervious area in segment as

a percent of total area

3 EPXM Maximum interception storage Inches Extent and type of vegetation as
determined from aerial photographs
and field examination

4 UZSN Nominal transient groundwater storage Inches A function of LZSN and therefore

in the upper soil zones determined primarily by calibration

5 LZSN Nominal transient groundwater storage Inches Related to annual precipitation but

in the lower soil zones determined primarily by calibration

6 K3 Evaporation loss index: percent of segment None Extent and type of vegetation as

area covered by deep·rooted vegetation determined from aerial photographs
and field examination

7 K24L Decimal fraction of the groundwater None · .b

recharge that percolates to deep. or
inactive groundwater storage

8 K24EL Decimal fraction of land segment with None Soils and topograph ic data

shallow groundwater subject to direct

evapotranspi ration

9 INFILTRATION Nominal infiltration rate None Calibration

10 INTERFLOW Index of interflow None Calibration

11 L Average length of overland flow Feet Topographic ,naps

12 SS Average slope of overland flow None Topograph ic maps

13 NN Manning roughness coefficient for None Field reconnaissance

overland flow
14 IRC Interflow recession rate None Hydrograph analysis

15 KK24 Groundwater recession rate None Hydrograph analysis

16 KV Variable to permit the KK24 to vary with None · .b

the groundwater slope
17 RADCON Adjust theoretical snowmelt equations to None · .b

field conditions
18 CONDS-CONV Adjust theoretical snowmelt equations to None

__ b

field conditions
19 SCF Adjust snowfall measurements to account None _.c

for typical catch deficiency
20 ELDIF Elevation of segment above mean elevation 103 feet Topographic maps

of temperature station
21 IONS Density of new snow at OOF None · .b

22 F Decimal fraction of land segment with None Aerial photographs

forest cover
23 DGM Groundmelt rate attributable to conduction Inches/day _.b

of heat from underlying soil to snow
24 WC Maximum water content of the snowpack, None · .c

expressed as a fraction of the water
equivalent of the pack; that is, the
maximum amount of liquid water that
can be accumulated in the snowpack

25 MPACK Water equivalent of snowpack when Inches · _b

segment is completely covered by snow
26 EVAPSNOW Adjust theoretical snow evaporation None · _b

equations to field conditions
27 MELEV Mean elevation of segment Feet Sea Topographic map

Level Datum
28 TSNOW Air temperature below which OF · .b

precipitation occurs as snow

a Regard/ess of the primary source of parameter values, all land parameters were subject to adjustment during the calibration process.

b Initial values were assigned based on experience with the Hydrologic Submodel on watersheds having similar geographic or elimatological
characteristics. See Chapter VIII of SEWRPC Planning Report No. 26, A Comprehensive Plan for the Menomonee River Watershed, Volumn 1,
Inventory Findings and Forecasts, October 1976.

c Initial values were assigned based on information and data reported in hydrology textbooks. See R. K. Linsley, M. A. Kohler, and J. L. H.
Paulhus, Hydrology for Engineers, Second Edition, McGraw-Hili, N. Y. 1975.

Source: Hydrocomp, Inc., and SEWRPC.
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In addition to maintaining a continuous accounting
of inflow to the stream system, Hydraulic Sub
model 1 performs two types of routing calcula
tions-one for channel reaches and another for
impoundments, that is, lakes and reservoirs. These
two routing procedures are similar in concept in
that both employ the conservation of mass prin
ciple and basic hydraulic laws. The procedures
differ significantly, however, with respect to input
data needs and the detailed manner in which the
computations are executed. For the purpose of
applying these two routing techniques, the chan
nel system is divided into reaches and impound
ment sites.

Reach routing is accomplished on a continuous
basis using the kinematic wave technique. Applica
tion of this technique requires that the following
information be provided for each reach: length;
upstream and downstream channel invert elevation;
a channel-floodplain cross-section consistent with
a prismatic representation of the reach; Manning
roughness coefficients for the channel and the
floodplains, and size and other characteristics of
the tributary drainage area. Table 65 identifies the
15 channel parameters that are input to Hydrau
lic Submodel 1 for each reach and indicates the
primary source of numerical values for each.
Numerical values assigned to each of these channel
parameters for a given reach have the effect of
adapting Hydraulic Submodel 1 to the reach. The
principal means of establishing the channel parame
ters is direct observation or measurement of the
watershed stream system. Additional information
on the procedures used to assign values to the
channel parameters for each channel reach is
presented later in this chapter.

As simulated by the kinematic wave routing
algorithm, a volume of flow enters the reach during
a given time increment with the flow entering from
the reach immediately upstream or coming directly
from the land contiguous to the reach. The incre
mental volume of flow is added to that already in
the reach at the beginning of the time interval, and
the Manning equation is then used to estimate the
discharge rate within the reach during the time
increment and, thereby, the volume of flow that
would discharge from the reach during the time
increment. The volume of water in the reach at the
end of the time increment is then calculated as the
initial volume plus the inflow volume minus the
outflow volume. The above computational process
is then repeated for the next time increment and,
as in the case for the first time increment, the aver-

age flow· rate from the reach is obtained. The
channel routing computations proceed in a similar
manner for subsequent time increments in the
reach in question and for all other reaches, thus
effectively simulating the passage of flood waves
through the channel system.

Impoundment routing through lakes or reservoirs
is accomplished on a continuous basis using the
technique known as reservoir routing. Use of this
analytic procedure requires that a stage-discharge
cumulative storage table be prepared for each
reservoir with the values selected so as to encom
pass the entire range of physically possible reser
voir water surface elevations. As simulated by the
reservoir routing algorithm, a volume of flow
enters the impoundment during a particular time
increment with the origin of the flow being dis
charge from a reach or impoundment immediately
upstream and from land contiguous to the
impoundment. The incremental volume of flow is
added to that already in the impoundment at the
beginning of the time interval, and the stage
discharge-cumulative volume relationship is then
used to estimate the rate of discharge from the
impoundment during the time increment. The
volume of water stored in the impoundment at the
end of the time increment is calculated as the
initial volume plus the inflow volume minus the
outflow volume. This computational process is
then repeated for subsequent time increments with
the result of each such computation being the stage
of, and the discharge rate from, the impoundment
at the end of each time increment. Any number
of stage-discharge-storage relationships may be
utilized for a given existing or potential lake or
reservoir site, thus facilitating the simulation of
a variety of potential outlet works and oper
ating procedures.

Hydraulic Submodel 2: The primary function of
Hydraulic Submodel 2 is to determine the flood
stages attendant to the flood flows of specified
recurrence intervals produced by Hydraulic Sub
model 1. Given a starting discharge and stage, this
"backwater" computer program employs the con
servation principles of mass and energy to calculate
river stages at successive, preselected upstream
locations.

A computational procedure known as the "stan
dard step method" is used in floodland reaches
between hydraulic structures such as bridges, cul
verts, and dams. Given a discharge and stage at
a starting floodland cross·section, a trial stage is
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Table 65

CHANNEL PARAMETERS REQUIRED FOR EACH REACH SIMULATED WITH HYDRAULIC SUBMODEL 1

DISCHARGE-RELATED PARAMETERS

Parameter

Number Symbol Definition or Meaning Unit Primary Source of Numerical Values

1 REACH Reach identification number None Assigned so as to increase in the
downstream direction

2 LIKE Permits repeating W1, W2, H, S·FP, N·CH, and None .-
N-FP of a preceding reach by entering the
number of that reach

3 TYPEa Indicates the type of channel or the presence None Observed condition of existing stream
of an impoundment. RECT indicates a rec· system or hypothetical future
tangular channel, CI RC indicates a circular condition of stream system
conduit, and DAM indicates the presence of
a dam and an impoundment

4 TRIB Identification number of the reach that the None Stream system configuration and
reach in question is tributary to assigned identification numbers

5 SEGMT Index number of land segment type None Map of watershed subbasins and
tributary to reach stream system

6 TRIB·AREA Watershed area directly tributary to reach Square Miles

CROSS SECTION·RELATEDPARAMETERS

Parameter

Number Symbol Definition or Meaning Unit Primary Source of Numerical Values

7 LENGTH Length of reach Miles Map of watershed subbasins and
stream system

8 EL·UP Channel bottom elevation at upstream Feet Channel bottom profile
end of reach

9 EL-DOWN Channel bottom elevation at downstream Feet
end of reach

10 W1 Channel bottom width Feet Generalized, representative reach
floodland cross section constructed

11 W2 Channel bank-to-bank width Feet from detailed cross sections prepared
for Hydraulic Submodel 2

12 H Channel depth Feet

13 S-FP Lateral slope of the floodplains None

ROUGHNESS COEFF ICIENTS

Parameter

Number Symbol Definition or Meaning Unit Primary Source of Numerical Values

14 N-CH Manning roughness coefficient for the channel None Coefficients established for Hydraulic
Submodel 2 revised as needed during

15 N-FP Manning roughness coefficient for both None calibration
floodplains

aIf TYPE is CIRe, then W1 is replaced with DIA -circular conduit diameter in inches-and W2 is replaced by NN-CH-Manning roughness coef
ficient for the conduit-and the following channel parameters are not needed: H, S·FP, N·CH, N-FP.
If TYPE is DAM, then the channel parameters are replaced with a set of parameters describing the dam and its impoundment.

Source: Hydrocomp, Inc. and SEWRPC.

250



selected for the next upstream cross-section. The
Manning equation for open channel flow is used to
calculate the mechanical energy loss between the
two cross-sections, and then a check is made to
determine if the conservation of energy principle is
satisfied. If not, another upstream stage is selected
and tested, and the process repeated until the
unique upstream stage is found at which the con
servation of energy principle is satisfied. The
above iterative computational process is then
repeated for successive upstream floodland reaches.
The end result is a calculated flood stage at each of
the cross-section locations.

Hydraulic Submodel 2 also determines the hydrau
lic effect of a bridge or culvert and the associated
approach roadways by computing the upstream
stage as a function of the downstream stage, flood
discharge, and the physical characteristics of the
hydraulic structure. Starting downstream of the
structure, the mechanical energy loss due to the
expansion of the flow leaving the structure is
computed, then the energy losses directly attri
butable to flow through or over the structure are
calculated, and finally the energy loss due to
contraction of the flow approaching and entering
the structure is computed. Flow through or over
a brid6e or culvert may consist of various combina
tions of open channel flow, pressure flow, and weir
flow depending on the position of the upstream
stage relative to the low chord of the waterway
opening and the profile of the roadway surface.

Input data for that portion of Hydraulic Sub
model 2 that performs backwater computations
through floodland reaches between hydraulic struc
tures include flood discharges, channel-floodplain
cross-sections including distances between such
sections, and Manning roughness coefficients for
the channel and each floodplain. Data require
ments for that portion of Hydraulic Submodel 2
that calculates the hydraulic effect of bridges,
culverts, and other hydraulic structures include
channel bottom elevations, waterway opening
measurements, pier position and shape, profiles
along the approach roads and across the structure
from one side of the floodland to the other, and
dam crest shape and elevation.

The backwater computations assume proper water
way opening design and maintenance so that the
full waterway opening of each bridge or culvert, as
it existed at the time of the hydraulic structure
inventory, is available for the conveyance of flood
flow. In recognition of the fact that waterway
openings can be temporarily blocked as a result of

ice and buoyant debris being carried on flood
waters, floodplain regulations applicable to areas
adjacent to or on the fringes of flood-prone areas
normally require protection to an elevation equal
to the lOO-year recurrence interval flood stage plus
a freeboard of two feet. A similar freeboard is
normally used in the design of structural flood
control works intended to convey lOO-year flood
flows such as dikes and floodwalls or major chan
nel modifications.

Flood Economics Submodel: The Flood Eco
nomics Submodel fulfills two principal functions
in the total simulation modeling. The first function
is to calculate flood stage-damage relationships for
urban riverine areas under a variety of develop
mental conditions which are then used in the
submodel to estimate average annual monetary
damages. The second key function of the Flood
Economics Submodel is to calculate the cost of
alternative flood control and floodland manage
ment measures, including the cost of floodproofing
and of removal of flood-prone structures, the cost
of alternative configurations of earthen dikes and
concrete floodwalls, and the cost of major channel
modifications. Capital costs as well as operation
and maintenance costs are calculated by the sub
model and the total costs are summarized on both
a present worth and an average annual basis.

With the exception of certain minor refinements
designed to make the Flood Economics Submodel
more suitable for use in this study, the submodel
is fully described in SEWRPC Planning Report
No. 26, A Comprehensive Plan for the Menomonee
River Watershed, Volume One, Inventory Findings
and Forecasts.

Water Quality Submodel: The principal function of
the Water Quality Submodel as used in the Pike
River watershed planning program is to simulate
the time-varying concentraton, or levels, of the
following nine water quality indicators at selected
points throughout the surface water system of the
watershed: temperature, dissolved oxygen, fecal
coliform, phosphate phosphorus, total dissolved
solids, carbonaceous biochemical oxygen demand,
ammonia nitrogen, nitrate nitrogen, and nitrite
nitrogen. These indicators were selected because
they are directly related to the water quality
standards that support the adopted water use
objectives set forth in Chapter X of this report.

The concentration of a particular water quality
constituent in the surface waters of the watershed
at a particular point and time is a function of three
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factors. The first is the tempora1 and spacial dis
tribution of runoff-surface or overland runoff,
interflow and baseflow-which determines the
amount of water available to transport a potential
pollutant to and through the surface water system.
The second factor is the nature and use of the land,
with emphasis on those features that affect the
quantity and quality of point and nonpoint sources
of pollutants. For example, a portion of a water
shed that supports agricultural activity is a nutrient
source for the surface waters. The third factor is
the characteristics of the stream system which
determine the rate and manner in which a potential
pollutant is either assimilated in or transported
from the watershed.

Simulation of the above three factors that influ
ence instream water quality requires a large and
diverse data base. As shown in Figure 38, opera
tion of the Water Quality Submodel requires the
input of six data sets-meteorological, land, chan
nel, riverine-area structure, diffuse or nonpoint
source, and point source-as well as output from
the Hydrologic Submodel. Table 63 identifies the
six categories of historic meteorological sets that
are input directly or indirectly to the Water
Quality Submodel and notes the use of each data
set. The channel data required for the hydraulic
portion of the Water Quality Submodel are similar
to the data required for Hydraulic Submodel 1,
(see Table 65). In addition, a considerable amount
of nonhydraulic channel data must be provided.
These data consist primarily of water quality
parameters and coefficients such as the maximum
benthic algae. concentration and the deoxygenation
coefficient for each reach.

The basic conceptual unit upon which the Water
Quality Submodel operates is called the water
quality land segment type. A water quality land
segment type is defined as an area of land which
exhibits a unique combination of meteorological
characteristics such as precipitation and tempera
ture, land characteristics such as the proportion of
land surface covered by impervious surfaces, soil
type slope, vegetative cover, and land management
practices such as contour plowing on agricultural
land and street sweeping in urban areas. A strict
interpretation of this definition results in a vir
tually infinite number of unique water quality land
segment types even within a small watershed
because of the large number of possible combina
tions of the above-mentioned characteristics within
a watershed that exhibit continuous, as opposed to
discrete, spatial variations throughout the water-

252

shed. To apply the concept, the study area is
divided into water quality land segments. A water
quality land segment is defined as a surface drain
age unit which exhibits the pollutant runoff char
acteristic of a unique water quality land segment
type. Thus, the practical, operational definition
of a water quality land segment is a surface drain
age unit consisting of a subbasin, or a combination
of subbasins, which can be considered to be repre
sented by a particular water quality land seg
ment type.

Water quality land segment types and water quality
land segments are refinements of hydrologic land
segment types and hydrologic land segments in
that they incorporate the pollutant runoff char
acteristics of the land. For a given hydrologic land
segment, the different types of land management
practices that affect pollutant runoff will produce
different water quality response although the same
hydrologic response. Thus, several water- quality
land segments may have to be identified within
a single hydrologic land segment.

A set of nonpoint pollution source data is required
for each constituent that is to be modeled on each
hydrologic-water quality land segment type. Each
set of data contains monthly land loading rates of
the pervious and impervious portions, expressed as
a weight per unit area, and a loading limit for the
pervious and impervious areas, expressed in weight
per unit area of land surface. The nonpoint source
data set for each land segment also contains the
concentration of the constituent in the ground
water flow from the segment to the stream system.
Each point source of pollution similarly requires
a data set consisting of identification of the river
reach to which the source discharges, a series of
monthly volumetric flow rates, and a series of cor
responding concentrations for each of the constitu
ents to be modeled. The final category of input to
the Water Quality Submodel is output from the
Hydrologic Submodel which consists of hourly
runoff volumes from the pervious and impervious
portion of each hydrologic land segment as well as
daily groundwater discharges to the stream system.

For the purpose of describing the operation of the
Water Quality Submodel, the simulation process
may be viewed as being composed of a land phase
and a channel phase, each of which is simulated on
an hourly basis. In the land phase, the quantity of
a given constituent that is available for washoff
from the land at the beginning of a runoff event is
equal to the amount of material remaining on the



land surface after the last runoff event plus the net
amount of material that has accumulated on the
land surface since the last runoff event. The hourly
quantity of washoff from the land to the stream
system during a runoff event is proportional to
the amount of material on the land surface at the
beginning of the interval and is also dependent on
the hourly runoff rate. The above process is not
used to simulate the temperature and dissolved
oxygen of land runoff. The model assumes that the
temperature of the runoff is equal to atmospheric
temperature and that the runoff is fully saturated
with dissolved oxygen. Pervious surface runoff and
impervious surface runoff during and immediately
after rainfall or rainfall-snowmelt events are the
two mechanisms for transporting accumulated
nonpoint source constituents from the land surface
to the stream system. Groundwater flow is the
mechanism for continuously transporting potential
pollutants to the stream system from the subsur
face of the watershed.

Operating on a reach-by-reach basis, the channel
phase of the Water Quality Submodel uses kine
matic routing to determine the inflow to, outflow
from, and net accumulation of flow within each
reach on an hourly basis. This is followed by a sum
mation over the hourly interval of all mass inflows
and outflows of each water quality constituent for
the end of the period. The above channel phase
computations are then repeated within the reach
for subsequent time intervals and also are repeated
for all other reaches. Water quality processes
explicitly simulated within the Water Quality Sub
model are shown in Figure 41.

DATA BASE DEVELOPMENT

The largest single work element in the preparation
and application of the hydrologic-hydraulic-water
quality-flood economics model is data base devel
opment. This consists of the acquisition, verifica
tion, and coding of data needed to operate, cali
brate, test, and apply the model. The model data
base for the Pike River watershed is a file of
information that quantitatively depicts the char
acteristics or condition of the surface water system
of the watershed.

As shown schematically in Figure 38, application
of the model requires the development of an input
data base composed of the following six distinct
categories of information: meteorological data, land
data, channel data, riverine-area structure data,
nonpoint source data, and point source data. Each

of the six data categories provides input to at
least one of the five submodels. Of the six input
data sets, the meteorological data set is the largest
because it consists of 40 years of daily or hourly
information for each of the eight historic meteo
rological data types. The meteorological data set
is also the most critical in that experience with
the model indicates that simulated discharges,
stages, and water quality levels are very sensitive
to how well the meteorological data set-particu
larly precipitation-represents historical meteoro
logical conditions.

With respect to their origin, the data in the data
base are largely historic in that they are based on
existing records of past observations and measure
ments. For example, the bulk of the meteorological
data in the data base are historic in that they are
assembled from National Weather Service (NWS)
records. Some of the data in the data base are
original in that they were obtained by field mea
surements made during the watershed planning
program. Most of the channel data, for example,
were obtained from field surveys conducted during
the course of the study. A small fraction of the
data in the data base are synthetic in that they
were calculated from other readily available his
toric data. Calculated data sets were used when
historic data were not available and it would have
been impossible or impractical to obtain original
data. The solar radiation data used, for example,
are synthetic in that they were computed from
historic percent sunshine measurements because of
the absence of long-term historic radiation observa
tions in or near the watershed coupled with the
impracticality of developing long-term original
solar radiation data.

A distinction should be drawn between model
input data and model calibration data. The six
categories of data identified above constitute the
input data for the model and constitute the data
base needed to operate the various submodels in
the model. Calibration data, which are discussed
in a subsequent section of this chapter, are not
required to operate the model, but are vital to the
calibration of the model. The principal types of
calibration data are streamflow, flood stage, and
water quality.

Each of the six types of input data, as well as the
validation data, is described separately in the
following sections. The origin of each data set
is described as are the procedures used to verify
and code the information. In the case of some of
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Figure 41

INTERDEPENDENCE OF PROCESSES IN THE WATER QUALITY SUBMODEL
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the data types, the means of acquisition have been
described in earlier chapters of this report or in
another report, and, with the exception of a brief
reference, will not be repeated in this chapter.

Meteorologic Data
As shown in Table 63, the following seven of
the eight types of meteorological data are required
as direct input to the Hydrologic and/or Water
Quality Submodels: hourly precipitation, daily
maximum-minimum temperature, daily wind move-
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ment, daily solar radiation, daily dewpoint tem
perature, daily potential evaporation, and daily
cloud cover. Map 11 in Chapter III shows five
National Weather Service meteorologic observation
stations located in or near the watershed and the
Thiessen polygon network which was constructed
for the purpose of delineating the geographic area
to be represented by each station. Almost the
entire watershed lies within the Kenosha and
Racine polygons and, therefore, the daily precipi
tation and maximum-minimum temperature data



for these two stations were selected as being the
most representative of the watershed. Hourly
precipitation data for the Milwaukee station was
used to disaggregate daily precipitation totals for
the Kenosha and Racine stations.

The other required meteorological data sets-daily
wind movement, daily solar radiation, daily dew
point temperature, daily potential evaporation, and
daily cloud cover-were available or could be devel
oped only for the Milwaukee station but were
applied to the entire watershed. Therefore, the
meteorological data base for the watershed is
drawn entirely from historic data from three
stations-Milwaukee, Kenosha, and Racine.

The process used to develop the meteorological
data sets for the model is schematically depicted
in Figure 42. Most of the meteorologic data base
development was completed under the Commis
sion's Menomonee River Watershed planning pro
gram. 13 The principal work element under the Pike
River watershed planning program was a 32-month
extension of the termination date of the meteo
rologic data base from April 30, 1977 to Decem
ber 31, 1979.

Selected information about the six meteorological
data sets used for the Hydrologic Submodel and
Hydraulic Submodel is presented in Table 66.
Meteorological data sets were developed for the
40-year period from 1940 through 1979. January 1,
1940, was selected as the starting date for the data
sets since it marks the beginning of hourly observa
tions at the Milwaukee station.

Land Data
As shown in Figure 38, land data are important
in that they are needed to operate the Hydrologic
Submodel, the output of which influences the
four other submodels. Table 64 identifies the
28 land-related parameters that are required for
each land segment type that is to be simulated.
As defined earlier in this chapter, a land segment
is a surface drainage unit consisting of a subbasin

13 For a discussion of acquisition of the meteoro
logic data, double mass curve analysis, conduct of
contingency checks, merging and disaggregation
procedures, and use of empirical equations see
Chapter VIII of SEWRPC Planning Report No. 26,
A Comprehensive Plan for the Menomonee River
Watershed, Volume One, Inventory Findings and
Forecasts, October 1976.

or a combination of contiguous subbasins that is
represented by a particular meteorological station
and contains a unique combination of three key
land characteristics-soil type, slope, and land use
cover. Four land characteristics-meteorology, soil
type, slope, and land use-cover-are the major deter
minants of the magnitude and timing of surface
runoff, interflow, and groundwater flow from the
land to the watershed stream system and therefore
are the basis for hydrologic land segment identifi
cation and delineation. There are other land char
acteristics that may influence the hydrologic
response of the land surface; for example, depth to
bedrock, type of vegetation, and density of the
storm water drainage system. However, the above
four characteristics were selected for use as both
the most basic and the most representative.

Identification of Hydrologic Land Segment Types:
The process used to identify hydrologic land seg
ment types in the watershed began with-the sub
division of the watershed into subbasins using the
procedure described in Chapter V. As shown on
Map 30 in Chapter V, a total of 46 subbasins were
delineated ranging in size from 0.06 to 2.18 square
miles. These subbasins provided the basic "building
blocks" for the identification of hydrologic land
segment types and subsequently, for hydrologic
water quality land segment types in the watershed.

Influence of Meteorological Stations: As noted
earlier in this chapter, and as shown on Map 11 in
Chapter III of this report, a Thiessen polygon net
work was constructed for the watershed and sur
rounding areas in order to facilitate subdivision of
the watershed into areas closest to the Kenosha
and Racine meteorological stations. The polygon
boundaries were approximated by subbasin boun
daries and then each subbasin was assigned to
either the Kenosha or Racine meteorological sta
tions. Thus, each subbasin was associated with the
closest meteorological station and therefore with
the station most likely to be representative of the
meteorological processes affecting the subbasin.

Hydrologic Soil Group: The soils of the Region
have been classified into four hydrologic soil
groups, designated A, B, C, and D, based upon
those properties affecting runoff. In terms of
runoff characteristics, these four soil groups range
from Group A soils, which exhibit very little
runoff because of high infiltration capacity, high
permeability, and good drainage, to Group D soils,
which generate large amounts of runoff because of
low infiltration capacity, low permeability, and
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Table 66

SELECTED INFORMATION ON DATA SETS USED FOR THE
HYDROLOGIC SUBMODEL AND HYDRAULIC SUBMODEL 1

Geographic Reference of Data

Index National U.S. Duration

Number Weather Geological Period of Data Set of
of Service Survey

From To
Data

Data Data Data Identification Identification Set
Category Type Interval Set Name Number Number Month Day Year Month Day Year (years)

Meteorological Precipitation HourlyB 10 Kenosha 474174 .. 1 1 1940 12 31 1979 40
14 Racine 476922 .- 1 1 1940 12 31 1979 40

Solar Radiation Daily 41 Milwaukee 14839 -- 1 1 1940 12 31 1979 40
Potential Daily 43 Milwaukee 14839 -- 1 1 1940 12 31 1979 40

Evaporation
Wind Movement Daily 47 Milwaukee 14839 -- 1 1 1940 12 31 1979 40
Dewpoint Daily 49 Milwaukee 14839 -- 1 1 1940 12 31 1979 40

Temperature
Maximum-Minimum Daily 60 Kenosha 474174 -- 1 1 1940 12 31 1979 40

Temperature 64 Racine 476922 -- 1 1 1940 12 31 1979 40

Land Land Parameters -- 36 -- -- -- -- -- -- -- -- -- --
Land Surface HoUrlyb 160 Segment 1 -- -- 1 1 1940 12 31 1979 40

Runoff 161 Segment 2 .. -- 1 1 1940 12 31 1979 40
162 Segment 3 -- -- 1 1 1940 12 31 1979 40
163 Segment 4 -- -- 1 1 1940 12 31 1979 40
164 Segment 5 -- -- 1 1 1940 12 31 1979 40
165 Segment 6 -- -- 1 1 1940 12 31 1979 40
166 Segment 7 -- -- 1 1 1940 12 31 1979 40
167 Segment 8 -- -- 1 1 1940 12 31 1979 40
168 Segment 9 -- -- 1 1 1940 12 31 1979 40
169 Segment 10 -- -- 1 1 1940 12 31 1979 40
170 Segment 11 -- -- 1 1 1940 12 31 1979 40
176 Segment 17 -- -- 1 1 1940 12 31 1979 40

Channel Channel Parameters -- 38 -- -- -- -- -- -- -- -- -- --

Point Source Industrial Discharge Daily 143 Reach 5 -- -- 1 1 1940 12 31 1979 40
144 Reach 8 -- -- 1 1 1940 12 31 1979 40

145 Reach 9 -- -- 1 1 1940 12 31 1979 40
146 Reach 39 -- -- 1 1 1940 12 31 1979 40

Wastewater Treatment Daily 147 Reach 26 -- -- 1 1 1940 12 31 1979 40
FacilitY Discharge

Calibration Streamflow Daily 141 Pike River -- 4087257 10 1 1971 9 30 1979 8
and Testing Hourly 142 Pike River -- 4087257 10 1 1971 9 30 1979 8

Annual Peak -- -- Pike Creek -- 4087250 1 1 1960 12 31 1979 20
Discharge

aHourly precipitation for Kenosha and Racine was produced by distributing the recorded daily precipitation at these two stations on an hourly basis according to the distribution of
recorded hourly precipitation at the Milwaukee Station.

bLand surface runoff was simulated at an hourly interval for calibration purposes and long-term streamflow simulation of most of the watershed. However, nine small subwatersheds
required short-term streamflow simulation at an interval of 15 minutes to properly simulate the effects of urbanization and existing storm water management facilities.

Source: SEWRPC.

poor drainage. The Pike River watershed was deter
mined to be primarily covered with Hydrologic
Group C soils.

Slope: A watershed slope analysis was conducted
by determining the ground slope at the center of
each U. S. Public Land Survey quarter section.
Topographic information required to estimate the
ground slope was taken from I" = 2000' scale, 10'
contour interval, U. S. Geological Survey quadrangle
maps since they provided good uniform coverage

for the entire watershed. Although more accurate
slope values could have been obtained from either
large-scale topographic maps or from Commission
soils maps, these sources of information were not
used because the resulting accuracy would have
exceeded that required by the model. The slope
analysis indicated that while some relatively small
areas of steep slope, ranging up to 7 percent, were
scattered throughout the watershed, flat slopes of
less than 4 percent predominated. Based on the
flatness of the slopes throughout the watershed
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and previous slope sensitivity studies,14 it was
deemed not necessary to categorize subbasins as
to slopes other than mild.

Land Use and Cover: The combination of land use
and cover is the characteristic which most often
reflects man's influence on the hydrologic proesses
in that land use-cover, particularly in the Pike
River watershed, is largely the result of man's activi
ties. Land cover differs from land use in that it
describes the types of surface-for example, paved,
grassed, and wooded-whereas land use describes
the purpose served by the land-for example, resi
dential, commercial, and recreational. Consider
two four-acre areas with identical population densi
ties that may be assumed to represent medium
density residential land use. One area consists of
a high-rise apartment building on 0.5 acre with
recreation and open space on the remaining
3.5 acres. The other four-acre tract has single
family residences distributed over the entire area.
From a hydrologic viewpoint, these two areas with
identical land use but different land cover have
different amounts of directly connected imper
vious surface and different amounts of area avail
able for infiltration and, as a result, are likely to
exhibit significantly different runoff volumes and
peak flows. The combination of land use and cover
is quantified and represented in the model for
hydrologic modeling purposes through use of
percent imperviousness.

Table 67 lists the four imperviousness categories
defined for the purpose of identifying hydrologic
land segments in the Pike River watershed. These
four imperviousness categories encompass the full
spectrum of existing and probable future condi
tions in the watershed. The four imperviousness
categories were selected by first determining the
relative area of each of eight land use-cover classifi
cations within each of the watershed subbasins
using 1975 1" = 400' scale Commission aerial
photographs and corresponding land use data.
A weighted average percent impervious value was
calculated for each subbasin based on the relative
areas of each land use-cover type using a percent
imperviousness assigned to each of the eight land
use-cover classifications. A frequency distribution
of the subbasin percent imperviousness values and

14 See Chapter VIII of SEWRPC Planning Report
No. 26, A Comprehensive Plan for the Meno
monee River Watershed, Volume One, Inventory
Findings and Forecasts, October 1976.
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information from previous watershed studies were
then used to select the four representative percent
imperviousness categories.

Resulting Hydrologic Land Segment Types and
Hydrologic Land Segments: Application of the
above process yielded a total of 12 different
hydrologic land segment types in the Pike River
watershed. The 12 hydrologic land segment types
used to represent the land surface of the Pike River
watershed for hydrologic-hydraulic simulation are
defined in Table 68 in terms of their hydrologic
soil grouping, slope, imperviousness, and proximity
to a meteorological station.

It should be noted that the land segment types
reflecting imperviousness as a feature of different
urban and rural land cover types, coupled with
urban drainage efficiency as characterized in the
hydrologic submodel, serve to distinguish .between
the effects on storm water runoff of lands having
various types and densities of urban development.
The imperviousness of different urban and rural
land cover types is incorporated into the hydro
logic submodel by expressing the percent for each
particular land segment type. The drainage effici
ency of a particular hydrologic land segment type
can be represented in the hydrologic submodel
by specifying the length of overland flow. In an
urban area provided with an engineered storm
sewer system, the length of overland flow is the
average distance which storm water runoff must
travel before reaching a street gutter, storm sewer
inlet, or drainage channel. This length is much
shorter in urban than in rural areas, and serves to
increase the peak rate of runoff.

Thus the simulation model has the capability of
differentiating between the rate of runoff from
various densities of urban use, as well as between
the rate of runoff from urban as opposed to rural
land. This capability is particularly important in
the preparation of a watershed plan which is to
serve as a basis for integrating land use and flood
control planning and development. The integrated
plans can identify those areas of the watershed
which are in urban use and those which are recom
mended to be converted from rural to urban use
over the plan design period; and can calculate peak
flood flows to be used, in delineating flood hazard
areas and in determining the hydraulic capacity of
flood control works, recognizing the increases in
flood flows that will accompany the planned land
use conversion. Future conversions of land from
rural to urban use in locations and at densities



Table 67

IMPERVIOUSNESS CATEGORIES IN THE PIKE RIVER
WATERSHED AS DEFINED FOR THE HYDROLOGIC SUBMODEL

Identification Range of Percent Typical Corresponding
Number Description Imperviousness Land-Use Cover Combinations

1 Rural 0-8 Agricultural Lands, Woodlands,
Wetlands, and Unused Lands

2 Low Imperviousness 9-20 Low-Density Residential with
Supporting Urban Uses and
Associated Land Cover

3 Low to Medium 21-33 Low- to Medium-Density Residential
Imperviousness with Supporting Urban Uses and

Associated Land Cover

4 Medium Imperviousness 34-45 Medium-Density Residential with
Supporting Urban Uses and
Associated Land Cover

Source: SEWRPC.

Table 68

HYDROLOGIC LAND SEGMENT TYPES REPRESENTATIVE OF THE PIKE RIVER WATERSHED

Identification
Subbasins In

Most Influential Watershed
Number of

Meteorological Represented by
Hydrologic

Land
Station Impervious Category Land Segment Type

Segment Low to Percent

Type Kenosha Racine Rural Low Medium Medium Number of Total

1 X -- X -- -- -- 1 2.0
2 X -- -- X -- -- 3 6.2
3 X -- -- -- -- X 2 4.2
4 X -- X -- -- -- 6 12.5
5 X -- -- X -- -- 2 12.5
6 -- X X -- -- -- 10 20.9
7 -- X -- X -- -- 3 6.2
8 -- X -- -- X -- 3 6.2
9 -- X X -- -- -- 5 10.4

10 -- X X -- -- -- 9 18.8
11 -- X -- X -- -- 2 4.2
12 -- X -- -- X -- 2 4.2

Total -- -- -- -- -- -- 48 100.0

Source: SEWRPC.
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different, and in amounts greater than, those
envisioned in the land use plan can be required to
provide sufficient storage in the drainage system
to maintain the post development peak rate of
runoff at the predevelopment level.

The spatial distribution of the 12 hydrologic land
segment types in the watershed under 1975 condi
tions are depicted on Map 37. The map also shows
the actual 46 hydrologic land segments; that is,
surficial drainage units as input to the model. Each
hydrologic land segment consists of a subbasin or
combination of contiguous subbasins that is within
the influence of a given meteorological station and
contains a unique combination of soil type, slope,
and percent imperviousness, that is an area consid
ered to be represented by a particular hydrologic
land segment type.

Assignment of Parameters to Hydrologic Land
Segment Types: Subsequent to identification of
the hydrologic land segment types and delineation
of the hydrologic land segments present in the
watershed, numerical values were selected for each
of the 28 land-related parameters required for each
of the land segment types. Table 64 indicates that
the numerical values were established in a number
of ways including direct measurement of watershed
characteristics, experience gained through previous
application of the Hydrologic Submodel to water
sheds having geographic and climatologic char
acteristics similar to the Pike River watershed,
information taken from hydrology references, and
calibration-under the Pike River Watershed plan
ning program-of the Hydrologic Submodel and
Hydraulic Submodel 1 against historic streamflow
records. The calibration process, which is the
principal means of assigning numerical values to
four parameters,15 is discussed later in this chapter.

Channel Data
Channel conditions including slope and cross
section are important determinants of the hydrau
lic behavior of a stream system. As indicated in
Figure 38, channel data are needed to operate
Hydraulic Submodel1, Hydraulic Submodel 2, and
the Water Quality Submodel. The channel data
required for hydraulic Submodel 2 will be dis
cussed first since the amount and detail of data
required by Hydraulic Submodel 2 exceeds that

15 LZSN, UZSN, INFILTRATION, and INTER
FLOW.
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needed for Hydraulic Submodel 1 and since the
data needed for Hydraulic Submodel 1 is based on
data assembled for Hydraulic Submodel 2.

Channel Data for Hydraulic Submodel 2: The
following four types of channel data are required
as input to Hydraulic Submodel 2: discharge;
channel-floodplain cross-sections, including the
distance between cross-sections; Manning rough
ness coefficients for the channel and each flood~

plain; and hydraulic structure-bridge, culvert, and
dam-data. Hydraulic structure data include
channel bottom elevations, waterway opening
measurements, pier position and shape, profiles
along the approach roads and across the structure
from one side of the floodlands to the other, and
dam crest shape and elevation.

The required discharges were obtained using two
modeling procedures. For points in the water
shed with accumulated drainage areas of approxi
mately 12 square miles or greater, the required
discharges were obtained as a result of .operating
Hydraulic Submodel 1 at a one-hour computa
tional time interval over the 40-year simulation
period for which recorded meteorological data
were available-January 1, 1940 through Septem
ber 30, 1979-and performing discharge frequency
analyses on the 40 simulated annual instantaneous
peak discharges using the log Pearson Type III
technique.16 The frequency analyses yield flood
discharges. of a known recurrence interval at
various points throughout the watershed stream
system. For points in the watershed with accumu
lated drainage areas of less than· approximately
12 square miles, a discrete event modeling proce
dure was used to obtain the required discharges as
was described in the section on Hydraulic Sub
model 1 presented earlier in this chapter. These
procedures were used to obtain 10-year, 50-year,
and 100-year recurrence interval discharges which
were input to the Hydraulic Submodel 2, which in
tum was used to compute the corresponding flood
stage profiles. The procedures used to obtain the
other three types of data required by Hydraulic
Submodel 2 are described in detail in Chapter V.
As indicated there, the necessary information,
induding floodland cross-sections with an average

16 "Guidelines for Determining Flood Flow Fre
quency," Bulletin No. 17, United States Water
Resources Council, Washington, D. C., March 1976.



Map 37

REPRESENTATION OF THE PIKE RIVER WATERSHED FOR HYDROLOGIC·HYDRAULIC SIMULATION
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For purposes of hydrologic-hydraulic modeling, thE
watershed land surface was partitioned into 46 hydro
logic land segments and consisted of 12 hydrologic
land segment types. Each hydrologic land segmenl
type has 8 particular combination of soil type, slope
percent imperviousness, and proximity to a meteoro
logic station and is used within the hydrologic-hydraulic
model to simulate the conversion of rainfall and snow
melt to streamflow. Each hydrologic land segment hal
a unique set of parameters describing channel slope,
cross-sectional shape, and flow resistance and is used to
simulate the accumulation of runoff from land surface
in the stream system and the transport of that floVlo
through the watershed.
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spacing of about 500 feet and physical descriptions
of 81 hydraulically significant structures, was
obtained for about 42 miles of watershed stream
selected for simulation.

Channel Data for Hydraulic Submodel 1: The
following three categories of channel data are
required as input to Hydraulic Submodel 1 for
each river reach that is to be simulated: discharge;
channel-floodplain cross sections, including the
length and upstream and downstream elevations of
the reach represented by each cross-section; and
Manning roughness coefficients for the channel
and the floodplains. Table 65 lists the 15 channel
parameters that are input to the submodel for each
reach and indicates the primary source of numerical
values for each. If lakes or reservoirs are present in
the system and are to be modeled, a stage-discharge
cumulative storage table must be provided along
with the surface area of the impoundment and
other impoundment characteristics.

The types of data required for Hydraulic Sub
model 1 are generally quite similar to those
required for Hydraulic Submodel 2 in that both
require discharges, floodland cross-sections, and
Manning roughness coefficients. Submodel input
data requirements differ, however, in several sig
nificant ways. First, Hydraulic Submodel 2 uses
closely spaced floodland cross-sections-an average
spacing of 500 feet was used in the watershed
modeling-consistent with its primary function of
using given discharges to accurately compute flood
stages. Hydraulic Submodel 1 uses generalized
floodland cross-sections, with each cross-section
representing an average reach length of about
1.2 miles to be consistent with its primary function
of calculating discharges. Second, the floodland
cross-sections prepared for Hydraulic Submodel 1
are general representations of the channel-flood
plain topography, whereas the cross sections devel
oped for Hydraulic Submodel 2 are more precise
representations. In Hydraulic Submodel 2, the
cross-section shape is defined by up to 100 coordi
nates, in Hydraulic Submodel 1, the cross-section is
defined by only a channel bottom width, a bank
to-bank width, a channel depth, and a single lateral
slope representative of the floodplains on both
sides of the channel. Third, Hydraulic Submodel 2
accepts more than one Manning roughness coeffi
cient for each floodplain. Under Hydraulic Sub
modell, however, only one coefficient is permitted
to represent both floodplains. Fourth, Hydraulic
Submodel 2 includes algorithms for calculating the
hydraulic effect of a bridge or culvert and associated
approach roadways under a variety of upstream
and downstream conditions, whereas bridge and
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culvert computations are not included in Hydraulic
Submodel 1 except where they are modeled as
impounding structures.

The process used to establish numerical values for
the channel parameters was initiated by subdivid
ing the approximately 42 miles of stream system
selected for simulation into reaches and assigning
tributary areas to the reaches, thus creating hydro
logic land segments. The first step in this process is
to insure that there is exactly one channel reach
associated with each hydrologic land segment. This
is a requirement of the model in that the channel
reach provides the mechanism whereby runoff
from the land surface is intercepted, aggregated
with flows from upstream reaches, and then routed
downstream through the stream system. The
second step in reach identificatibn is determination
of the minimum allowable reach length based on
the relationship between the computational time
interval, as used in the Hydrologic Submodel and
Hydraulic Submodel 1, and the reach flow through
time. It is necessary for the computational interval
to be approximately equal to or less than twice the
reach flow through time in order for the model to
properly perform hydrograph routing. Applying
this criterion, it was determined that for a one
hour computational time interval used in modeling,
the minimum reach length should be about one
mile. The third and final criterion used to identify
reaches is that each reach be relatively homo
geneous with respect to floodland cross-sectional
shape, channel slope, and channel-floodplain rough
ness coefficients. Reaches were thus terminated at
points of confluence in the stream system, at loca
tions where the tributary area exhibited abrupt
changes in land use, and at locations where dis
charges were to be computed. The net effect of the
above factors was the partitioning of the approxi
mately 42 miles of stream system into 46 reaches,
or hydrologic land segments, as shown on Map 37,
having an average reach length of about 1.31 miles,
which was appropriate for operation of Hydraulic
Submodel 1 at a one-hour computational time
interval. For operation of the model at a 15 minute
computational time interval for small drainage
areas as described in the section on Hydraulic Sub
model 1 presented earlier in this chapter, it was
necessary to further partition certain portions of
the watershed into shorter reaches, as shown on
Map 37, appropriate for the shorter computational
time interval.

After subdivision of the stream system into reaches,
channel cross-sections representative of each reach
were quantified. Seven cross-section related parame
ters were assigned on a reach-by-reach basis. Cross-



sections were selected from the set of detailed
cross-sections prepared for Hydraulic Submodel2,
the selected cross-sections were composited , and
one generalized representative cross-section was
constructed for each reach. That cross-section was
then used to determine numerical values for chan
nel parameters 10 through 13 in Table 65. A pro
cedure similar to the above was used to assign
a channel Manning roughness coefficient and
a floodplain Manning roughness coefficient to each
reach. Coefficients established for Hydraulic Sub
model 2 were examined in order to select repre
sentative channel and floodplain coefficients for
each of the reaches. This completed the assignment
of the 15 channel parameters listed in Table 65 and
required for operation of Hydraulic Submodel 1.
A channel data set was prepared for each stream
system configuration-for example, existing condi
tion and proposed channel improvements-that was
to be simulated.

Channel Data for Water Quality Submodel: Hydrau
lic channel data required for the Water Quality Sub
model are almost identical to the data described
above for Hydraulic Submodel 1, the major dif
ference being that Hydraulic Submodel 1 allows
only one land segment type to be associated with
each channel reach whereas the Water Quality
Submodel accepts up to three land segment types
per reach.

Nonhydraulic channel data must also be provided
for each water quality channel reach. These data
consist of water quality parameters and coeffi
cients such as the biochemical oxygen demand
reaction rate coefficient, maximum benthic algae
concentration, total coliform die-away coefficient,
and the benthal release rates for nutrients. The
principal source of numerical values for these
parameters and coefficients is the literature on
previous successful experiences with the Water
Quality Submodel.

Riverine Area Structure and Related Data
Physical and economic data for riverine area
structures-residential and commercial buildings
are needed as input to the Flood Economics Sub
model along with flood event information and
dike-floodwall and channelization data. Numerical
values for up to 68 structure, flood event, dike
floodwall, channelization, and related parameters
are required for each flood-prone reach for which
flood damage, floodproofing and removal costs,
dike-floodwall costs, and channelization costs are
to be calculated. This section describes the process

used to subdivide flood-prone areas into reaches
and subreaches and to obtain or assign numerical
values to the parameters.

Preparation of submodel input data was initiated
with the assignment of basic cost and economic
data applicable to all reaches. Flood damage
reaches-reaches for which flood economics calcu
lations were executed using the submodel-were
then established based partly on historic flood
information collected under the watershed study
and described in Chapter VI of this volume, and
partly on the results of the hydrologic-hydraulic
simulation as described in this chapter. In addition
to delineating flood damage reaches so as to encom
pass areas of existing or potential flood problems,
reach boundaries were made coincident with civil
division boundaries so as to facilitate the sum
marization of flood damages and the costs of
structure floodproofing or removal, dikes and
floodwalls, and channelization by civil division.
This approach provides each community with
a monetary quantification of both the seriousness
of its flood problem and of alternative solutions
to that flood problem. The reaches were also
selected to encompass areas in which each struc
ture category-for example, single-family residen
tial-exhibited similar market values. Each reach
was extended out from the river beyond the
100-year recurrence interval flood hazard line so
as to encompass both the primary flooding zone
the floodland area adjacent to the channel and
subject to overland flooding during a 100-year
flood-and the secondary flooding zone-the area
cOhtiguous with the primary zone in which base
ment flooding may occur as a result of sanitary and
storm sewer backups.

The next step in submodel data preparation con
sisted of partitioning the reaches into subreaches,
the principal consideration being that the length
of each subreach along the river be selected so
that each would have approximately uniform
flood stages from the upstream end to the down
stream end. The implication of this criterion is
that steeper streams will have shorter subreaches
than streams with flatter slopes. Subreach bounda
ries were made coincident with hydraulic restric
tions such as bridges and culverts as determined
under Hydraulic Submodel 2, because these loca
tions represented abrupt changes in the flood
stage profile. Flood-prone riverine areas for which
floodproofing and/or removal measures or dike
floodwall protection measures could be applied
were included in separate subreaches so as to

263



permit a direct comparison of the costs of struc
tural measures to the benefits-reduced flood
damages-that would result from those measures.
The resulting subreaches were delineated on the
available 1" = 200' scale, 2 foot contour interval
topographic maps, and the necessary subreach
identification parameters were assigned.

Output from Hydraulic Submodel 2, consisting of
flood stage profiles for a range of recurrence inter
vals, provided the flood event input data required
for each subreach. Structural, physical, and eco
nomic information was obtained from large-scale
topographic maps, aerial photographs, field sur
veys, civil division assessors, and personal inter
views. For those subreaches where dike-floodwall
or channelization alternatives were considered, the
plan of the potential dike-floodwall or channeliza
tion systems-as delineated on a topographic map
or aerial photograph-was used in combination with
additional information obtained from river bed
profiles to establish the input parameters, thus
completing the assignment of numerical values for
all parameters.

Point Source Data
Figure 38 illustrates how point source data are
input to the Hydraulic Submodel 1 and to the
Water Quality Submodel. Point source input data
for Hydraulic Submodel 1 consisted of monthly
discharge values for five industrial point sources in
the watershed as shown on Map 34 and in Table 51
in Chapter VII of this report. Point source input
data for the Water Quality Submodel consisted
of monthly discharge values plus monthly water
quality values for seven point sources in the
watershed as shown on Map 38 and in Table 69.

Nonpoint Source Data
Figure 38 illustrates how nonpoint source data are
input to the Water Quality Submodel, along with
meteorologic, point source, and channel data and
output from the hydrologic submodel. The choice
of initial numerical values for some nonpoint
source pollution parameters, such as land surface
loading rates, was based largely on values reported
in the literature for urban and rural areas similar
to the Pike River watershed17 and previous experi-

17 See Chapter IV of SEWRPC Technical Report
No. 18, State of the Art of Water Pollution Control
in Southeastern Wisconsin, Volume Three, Urban
Storm Water Runoff, July 1977; Hydrocomp, Inc.,
Hydrocomp Water Quality Operations Manual,
Fourth Edition, April 1977; and U. S. Army Corps
of Engineers-Seattle District, Environmental Man
agement of the Metropolitan Area Cedar-Green
River Basins, Washington, Part II: "Urban Drain
age," December 1974, p. 86.
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ence under the Water Quality Submodel in the
Menomonee River watershed and areawide water
quality management planning programs. Some of
these values were subsequently adjusted during
the calibration process to improve the correlation
between observed and simulated water quality.
A set of land surface loading rates was established
for each of the 40 hydrologic water quality land
segments in the watershed as shown in Table 70.
Map 39 indicates how the Pike River watershed
was subdivided into three subwatersheds for water
quality simulation.

Calibration Data
The six categories of data discussed above
meteorological, land,channel, riverine area struc
ture, point pollution source, and nonpoint pol
lution source-constitute the total input data for
operation of the model that are required to operate
the five submodels. Of equal importance are calibra
tion data which, although not needed to operate
the model, are necessary for the calibration of
the model. These data, which are derived strictly
from field measurements, include recorded actual
streamflow, river stage, and water quality data.
Since calibration data represent the actual historic
response of the watershed to a variety of hydro
meteorological events and conditions, such data
may be compared to the simulated response of the
watershed and the model thereby calibrated.

Streamflow Data: The principal source of historic
streamflow information in the watershed is the
streamflow measurements made by the U. S. Geo
logical Survey (USGS) from October 1, 1971 to
September 30, 1979 at the continuous recording
gage on the Pike River near Racine at the Univer
sity of Wisconsin-Parkside. A discussion of this
stream gaging station is presented in Chapter V.
This streamflow information was supplemented
with streamflow information obtained at a crest
stage partial-record station also maintained by the
U. S. Geological Survey. This station is located on
Pike Creek at STH 43 and has provided the annual
maximum discharge beginning in 1960.

Flood Stage Data: Information on historic high
water levels was provided by public officials, con
sulting engineers, private citizens, and the staff of
the Regional Planning Commission. This infor
mation was plotted on profiles of the stream
system and used to check the validity of simu
lated flood stage profiles. Additional information
on the source and characteristics of historic flood
stage information is presented in Chapter VI.

Water Quality Data: The principal source of stream
water quality data is the stream water index site
sampling program conducted by the Commission



Table 69

SELECTED INFORMATION ON POINT SOURCES REPRESENTED IN THE WATER QUALITY SUBMODEL: 1975

Average Annual Parameter Values

Five-Day
Biochemical Total Fecal

Oxygen Dissolved Ammonia Nitrate Nitrite Organic Phosphate Dissolved Coliform
Flow Temperature Demand Oxygen Nitrogen Nitrogen Nitrogen Nitrogen Phosphorus Chloride Solids (MFFCC

Reach Quantity Subbasin Name lefs) (oCI (mg/ll (mg/l) (mg/ll lmg/tl (mg/ll (mg/1l (mg/ll (mg/ll (mg/ll per 100 mil

UPR·5 J. I. Case Company- 0.080 16.5 4.0 8.88 0.00 0.00 0.00 0.00 0.00 0.0 300 0.0
Transmission Plant

UPR-7 St. Bonaventure 0.013 13.6 4.6 5.30 5.00 4.00 0.40 0.00 5.00 0.0 700 200
Seminary Wastewater
Treatment Plant

UPR-S S. C. Johnson & Son, Inc. 2.74 16.9 0.0 8.73 0.00 0.00 0.00 0.00 0.00 0.0 300 0.0
UPR-8 Village of Sturtevant 0.822 13.6 33.0 5.30 5.00 4.00 0.40 0.00 1.61 104 700 179.000

Wastewater
Treatment Plant

UPR-9 Rexnord,lnc.- 0.201 15.7 0.0 8.95 0.00 0.00 0.00 0.00 0.00 0.0 300 0.0
Hydraulic
Components Division

18 PC-2 American Motors· 0.002 17.9 30.0 6.59 0.00 0.00 0.00 0.00 0.00 0.0 300 0.0
Transport Department

29 PC-11 Town of Somers 0.095 13.6 59.0 5.30 5.00 4.00 0.40 0.00 5.00 104 700 200
UtilitY District No.1
Wastewater
Treatment Plant

Source: Wisconsin Pollution Discharge Elimination System and SEWRPC.

in cooperation with the Wisconsin Department of
Natural Resources and the U. S. Geological Survey
under the areawide water quality management
planning program, as described in Chapter VII.
Under this program, stream water quality determi
nations were made at approximately one-day inter
vals from September 7, 1976 to October 5, 1976 at
two locations: the STH 31 bridge of the Pike River
and the CTH A bridge of the Pike River. In addi
tion, on those days in which runoff occurred as
the result of rainfall events, several water quality
samples were taken for the purpose of defining the
instream pollutographs. Each of these water quality
determinations was based on measurements of phy
sical, chemical, and biological quality indicators as
well as streamflow measurements.

MODEL CALIBRATION

Need for Model Calibration
Many of the algorithms contained in the model are
mathematical approximations of complex natural
phenomena. Therefore, before the model could be
reliably used to simulate streamflow behavior and
water quality conditions under alternative hypo
thetical watershed development conditions, it was
necessary to calibrate the model-that is, to com
pare simulation model results with actual historic
data and, if a significant difference was found, to
make parameter adjustments so as to adjust the
model to the specific natural and man-made fea
tures of the watershed. While the model is general
in that it is applicable to a wide range of geo
graphic and climatic conditions, its successful
application to any given water resource system-

such as the Pike River watershed-very much
depends on the calibration process in which per
tinent data on the natural resource and man-made
features of the watershed are used to adapt the
model to the local conditions. A schematic repre
sentation of the calibration process as used for the
hydrologic-hydraulic-water quality modeling in the
Pike River watershed planning program is shown
in Figure 43. Once the watershed simulation model
is calibrated for a particular water resource system,
the basic premise of subsequent simulation is that
the model will respond accurately to a variety of
model inputs representing hypothetical watershed
conditions, such as land use changes and channel
modifications, and thereby provide a powerful
analytic tool in the watershed planning process.

In a strict sense, no data are available for the syste
matic, watershedwide calibration of the Flood Eco
nomics Submodel. This is not a serious limitation
of that submodel, however, since the relationships
used in this submodel are based on recognized
stage-damage relationships for various structure
types. Furthermore, an analysis conducted under
the Menomonee River watershed planning program
of scattered and diverse information on the number
of structures affected and monetary losses incurred
verified the accuracy of the results obtained through
application of the Flood Economics Submode1.18

18 See SEWRPC Staff memorandum to the Meno-
monee River Watershed Committee entitled,
"Flood Damage Computation Procedures in the
Menomonee River Watershed," February 18, 1976.
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Figure 43

CALIBRATION PROCESS USED FOR HYDROLOGIC-HYDRAULlC-WATER QUALITY MODELING

Adjust Diffuse
and Point Source
Parameters and
Quality-Related

Channel Parameters

NO

Ves

Operate
Water Quality

Submodel

Do
Submodels

Adequately Simulate
Historic Discharges

and Stages?

Operate Hydrologic
Submodel, Hydraulic

Submodel 1, Hydraulic

Submodel2

Does
Submodel

Adequately Simulate
Historic Water

Quality?

NO

VES

Calibrated Water Resources
Simulation Model Ready for
Application in the Watershed

Planning Process

NOTE: The Hydrologic Submodel and Hydraulic Submodels 1 and 2 are
calibrated first. followed by calibration of the water quality submodeL G

Source: SEWRPC.
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Map 38

POINT SOURCES INCLUDED IN THE WATER QUALITY SUBMODEL FOR THE PIKE RIVER WATERSHED
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Point sources of discharge to the Pike River and its tribu
taries are important to successful hydrologic-hydraulic
water quality modeling since point sources account fo:
much of the streamflow and input of potential poilu
tants during low flow periods. A total of seven signifi
cant point sources were identified in the watershed
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Map 39

REPRESENTATION OF THE PIKE RIVER WATERSHED FOR WATER QUALITY SIMULATION
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For purposes of water quality modeling the watershed
stream system was subdivided into three subwatersheds.
and each subwatershed was partitioned into hydrologic·
water quality land segments. The hydrologic·water
qualitY land segments were the basis for simulating the
transport of potential pollutants from the land to the
stream system via surface runoff, groundwater flow, or
point sources. Each hydrologic-water quality tand seg
ment, as represented by a set of parameters, was used to
simulate the accumulation of potential pollutants in the
channel system and the resulting instream biochemical
and advection processes.
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Table 70

LAND SURFACE POLLUTANT LOADING RATES REPRESENTED IN THE WATER QUALITY SUBMODEL

Average Annual Land Surface Loading Rates (mglO8

Impervious Surface
Hydrologic-Water QualitY Land Segment Type

Biochemical Total
Meteorological Soil Impervious Land Oxygen Ammonia Nitrate Organic Phosphate Dissolved Fecal

Station Type Category Use Demand Nitrogen Nitrogen Nitrogen Phosphorus Chloride Solids Coliform

Kenosha Dominant C Rural Row Crop 0.175 0.020 0.013 0.017 0.002 0.25 2.5 200.0
Vegetable and

Other Agricultural 0.280 0.020 0.Q18 0.017 0.002 0.25 2.5 200.0
Other Open Land 0.175 0.020 0.013 0.017 0.001 0.25 2.2 200.0

High Industrial 0.280 0.020 0.Q15 0.020 0.002 0.25 2.5 200.0
Residential 0.174 0.020 0.041 0.017 0.001 0.25 2.5 200.0

C·B Rural Row Crop 0.175 0.020 0.013 0.017 0.002 0.25 2.5 200.0
Grain Crop 0.175 0.020 0.013 0.017 0.002 0.25 2.5 200.0
Vegetable and

Other Agricultural 0.280 0.020 0.Q18 0.017 0.002 0.25 2.5 200.0
Hay 0.280 0.020 0.Q18 0.017 0.002 0.25 2.5 200.0
Other Open Land 0.174 0.020 0.013 0.017 0.001 0.25 2.1 200.0

High Highway 0.575 0.020 0.030 0.020 0.002 0.25 2.5 200.0
Airfield 0.570 0.020 0.060 0.020 0.002 0.25 2.5 200.0

Racine Dominant C Rural Golf Course 0.200 0.020 0.003 0.017 0.001 0.07 2.5 200.0
Other Recreation 0.320 0.024 0.004 0.017 0.002 0.25 2.5 200.0
Row Crop 0.175 0.020 0.013 0.017 0.002 0.25 2.5 200.0
Grain Crop 0.100 0.010 0.090 0.017 0.001 0.25 2.5 700.0
Vegetable and

Other Agricultural 0.280 0.020 0.Q18 0.017 0.002 0.25 2.5 200.0
Hay 0.280 0.020 0.Q18 0.017 0.002 0.25 2.5 200.0
Woodland 0.280 0.020 0.Q15 0.017 0.001 0.25 2.1 200.0
Other Open land 0.174 0.020 0.013 0.017 0.001 0.25 2.2 200.0
Feed Lot 0.500 0.020 0.015 0.020 0.002 0.15 2.5 51,000.0

Low Residential 0.165 0.020 0.013 0.017 0.002 0.25 2.5 200.0

Medium Residential 0.165 0.020 0.013 0.017 0.002 0.25 2.5 200.0

High Residential 0.100 0.010 0.090 0.017 0.001 0.25 2.5 700.0
Industrial 0.100 0.010 0.090 0.020 0.002 0.25 2.5 700.0
Commercial 0.280 0.020 0.015 0.020 0.002 0.25 2.5 200.0

Dominant B Rural Golf Course 0.200 0.020 0.003 0.017 0.002 0.07 2.5 200.0
Row Crop 0.075 0.020 0.013 0.017 0.002 0.25 2.5 200.0
Grain Crop 0.075 0.020 0.013 0.017 0.002 0.25 2.5 200.0
Vegetable and

Other Agricultural 0.280 0.020 0.013 0.017 0.002 0.25 2.5 200.0
Hay 0.280 0.020 0.Q18 0.017 0.002 0.25 2.5 200.0

CoB Rural Row Crop 0.075 0.020 0.013 0.017 0.002 0.25 2.5 200.0
Grain Crop 0.075 0.020 0.013 0.017 0.002 0.25 2.5 200.0
Sod Farm 0.100 0.010 0.090 0.017 0.001 0.25 2.5 700.0
Vegetable and

Other Agricultural 0.280 0.020 0.Q18 0.017 0.002 0.25 2.5 200.0
Other Open Land 0.174 0.020 0.013 0.017 0.001 0.25 2.2 200.0
Woodland 0.174 0.020 0.Q15 0.017 0.001 0.25 2.2 200.0

Medium Residential 0.174 0.020 0.013 0.017 0.001 0.25 2.5 200.0

High Residential 0.100 0.010 0.090 0.017 0.001 0.25 2.5 700.0
Industrial 0.140 0.010 0.090 0.020 0.002 0.25 2.5 700.0

Successful calibration and testing of the first three
submodels are of utmost importance because
output from these submodels has direct bearing
on the testing and evaluation of the floodland man
agement elements of the watershed plan. Further
more, the validity of results from the other two
submodels-the Water Quality Submodel and the

Flood Economics Submodel-are determined, in
part, by the quality of the output of the first
three submodels.

Previous Calibration Efforts
Prior to the initiation of the Pike River watershed
planning program, calibration of the hydrologic-
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Table 70 (continued)

Average AnnuatLand Surface Loading Rates (mg/ll
8

Pervious Surface
Hydrologic-Water Quality Land Segment Type

Biochemical Total
Meteorological Soil Impervious Land Oxygen Ammonia Nitrate Organic Phosphate Dissolved Fecal

Station Type Category Use Demand Nitrogen Nitrogen Nitrogen PhosPhorus Chloride Solids Coliform

Kenosha DominantC Rural Row Crop 2.434 0.021 0.012 0.004 0.0002 0.002 10.0 0.13
Vegetable and

Other Agricultural 3.895 0.012 0.020 0.018 0.0005 0.001 10.0 0.13
Other Open Land 0.012 0.002 0.009 0.003 0.0012 0.010 14.0 10.00

High Industrial 0.390 0.200 0.003 0.007 0.0300 0.013 110.0 170.00
Residential 0.083 0.021 0.001 0.011 0.0141 0.090 38.0 95.00

CoB Rural Row Crop 2.434 0.021 0.011 0.004 0.0002 0.002 10.0 0.13
Grain Crop 2.568 0.021 0.012 0.004 0.0002 0.002 10.0 0.13
Vegetable and

Other Agricultural 3.895 0.012 0.020 0.005 0.0005 0.001 10.0 0.13
Hay 0.199 0.001 0.001 0.0002 0.0002 0.001 10.0 50.00
Other Open Land 0.011 0.002 0.009 0.003 0.0012 0.001 14.0 10.00

High Highway 0.035 0.026 0.001 0.040 0.0050 0.050 40.0 800.00
Airfield 0.035 0.051 0.002 0.080 0.0030 0.050 40.0 800.00

Racine Dominant C Rural Golf Course 0.200 0.021 0.007 0.003 0.0039 0.002 10.0 10.00
Other Recreation 0.320 0.023 0.009 0.005 0.0021 0.003 10.0 10.00
Row Crop 2.434 0.021 0.012 0.004 0.0002 0.002 10.0 0.13
Grain Crop 2.568 0.021 0.012 0.004 0.0002 0.002 10.0 10.00
Vegetable and

Other Agricultural 3.895 0.012 0.020 0.005 0.0050 -- 10.0 0.13
Hay 0.199 0.003 0.001 0.0002 0.0002 -- 10.0 50.00
Woodland 0.018 0.003 0.011 0.009 0.0017 0.006 14.0 10.00
Other Open Land 0.012 0.002 0.021 0.003 0.0012 0.010 14.0 10.00
Feed Lot 2.840 1.460 0.486 3.914 0.9520 0.030 5.0 51,000.00

Low Residential 0.026 0.002 0.001 0.003 0.0026 0.010 12.0 36.00

Medium Residential 0.044 0.021 0.001 0.006 0.0086 0.050 17.0 46.00

High Residential 0.093 0.021 0.001 0.011 0.0140 0.090 38.0 95.00
Industrial 0.390 0.200 0.003 0.007 0.0300 0.013 110.0 170.00
Commercial 0.460 0.150 0.002 0.010 0.0400 0.010 40.0 100.00

Dominant B Rural Golf Course 0.200 0.021 0.007 0.004 0.0039 0.002 10.0 10.00
Row Crop 2.434 0.021 0.012 0.004 0.0002 0.002 10.0 0.13
Grain Crop 2.568 0.021 0.012 0.004 0.0002 0.002 10.0 0.13
Vegetable and

Other Agricultural 3.895 0.012 0.020 0.005 0.0005 -- 10.0 0.13
Hay 0.199 0.001 0.001 0.0002 0.0002 0.001 10.0 50.00

I

CoB Rural Row Crop 2.434 0.021 0.012 0.004 0.0002 0.002 10.0 0.13
Grain Crop 2.568 0.021 0.012 0.004 0.0002 0.002 10.0 0.13
Sad Farm 0.294 0.023 0.007 0.004 0.0001 0.002 10.0 10.00
Vegetable and

Other Agricultural 3.895 0.012 0.020 0.005 0.0005 0.001 10.0 0.13
Other Open Land 0.012 0.002 0.009 0.002 0.0012 0.010 14.0 10.00
Woodland 0.044 0.003 0.011 0.007 0.0017 0.010 14.0 10.00

Medium Residential 0.044 0.021 0.001 0.006 0.0096 0.050 17.0 46.00

High Residential 0.083 0.021 0.001 0.011 0.0141 0.090 38.0 95.00
Industrial 0.390 0.200 0.003 0.007 0.0300 0.013 110.0 170.00

aExcept fecal coNforms, which are in MFFCC per 100 mI.

Source: SEWRPC.

hydraulic-water quality submodels had been com
pleted on the Pike River watershed as well as on
other watersheds in the Region under the Commis
sion areawide water quality management planning
program. Further calibration of these submodels
had also been completed under the Commission
Menomonee and Kinnickinnic River watershed
planning programs.
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Once experience is gained using hydrologic
hydraulic-water quality .submodels on watersheds
having a variety of land segment types and channel
systems and located within a given physiographic
and climatic area such as the Southeastern Wiscon
sin Region, subsequent applications of the sub
models in that same physiographic and climatic
area can benefit immensely with respect to use of
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The Hydrologic Submodel and Hydraulic Sub
model 1 were operated during the eight-year period
from October 1971 through September 1979 for
the 38.3 square-mile area-74 percent of the total
area of the watershed-tributary to the continuous
stream flow recording gage on the Pike River
located at the University of Wisconsin-Parkside. The
actual calibration interval for this operation was
the period extending from July 1, 1971 through
September 30, 1979 which allowed a three-month
period for model initiation and start-up purposes.

numerical values of parameters from the earlier
studies. While model parameters may be expected
to vary significantly from one part of the United
States to another, they may be expected to exhibit
a strong similarity within climatically and physio
graphically homogeneous areas such as south
eastern Wisconsin. Thus, rather than "start from
scratch," subsequent modeling work can concen
trate on refinements to preceding efforts.

Hydrologic-Hydraulic Calibration for the
Pike River Watershed Planning Program
Hydrologic Submodel and Hydraulic Submodel 1:
Meteorological data sets, data sets for hydrologic
land segment types, point source data, and channel
data sets for stream reaches were prepared using
the procedures described earlier in this chapter.
The choice of numerical values for 28 parameters
in each of the land data sets was strongly influ
enced by parameter values established under pre
vious calibration efforts. This was feasible since,
as noted above, combinations of soil type, slope
and land use-cover present in the Pike River water
shed are similar to those in previous watersheds
and subwatersheds on which calibration work had
been conducted.

The results obtained in the calibration process for
the Pike River gaging station are presented below
through a comparison of recorded and simulated
annual and monthly runoff volumes, recorded and
simulated flow-duration curves, and recorded and
simulated hydrographs for major runoff events:

• Figure 44 presents a graphic comparison
of recorded and simulated annual runoff
volumes for the eight-year calibration
period. Simulated annual runoff volumes
range from 23 percent below to 40 percent
above recorded values. The simulated cumu
lative annual runoff volume for the eight
year period is 107.72 inches, almost iden
tical to the 107.68 inch cumulative recorded
annual runoff volume for that same period.

Source: SEWRPC.

• Recorded and simulated monthly runoff
volumes are compared in Figure 45. The
monthly runoff data points are seen to be
grouped about a 45-degree line, indicating
a tendency to exhibit the desired one-to-one
correlation between the recorded and simu
lated monthly runoff volumes.

• Recorded and simulated flow duration curves
based on average daily flows for the eight
year period for which recorded discharge
data are available are shown in Figure 46.
Each of the two flow duration curves indi
cates the percentage of time that specified
average daily discharges may be expected to

271



Figure 45

LINEAR CORRElATION BETWEEN RECORDED AND
SIMULATED MONTHLY RUNOFF VOLUMES FOR
THE PIKE RIVER AT THE UW-PARKSIDE GAGE:

OCTOBER 1, 1971·SEPTEMBER 30, 1979
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be equaled or exceeded. The flow duration
curves based on simulated and recorded
discharges exhibit close agreement.

• Recorded and simulated hydrographs for
four runoff events drawn from various times
of the year are shown in Figure 47. These
four events were selected so as to illus
trate the full range of correlations between
recorded and simulated flows. Overall, the
recorded and simulated hydrographs for
rainfall and rainfall-snowmelt events occur
ring during the calibration period exhibited
generally close agreement.

• Recorded and simulated peak flow values
from 25 runoff events occurring since
October 1971 are compared in Figure 48.
These data are also seen to be grouped about
a 45-degree line, indicating a tendancy to
exhibit the desired one-to-one correlation
between the recorded and simulated peak
flow values. Two additional lines are shown
in Figure 48: one which represents the line
of best fit through the points plotted for all
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25 runoff events, and another which repre
sents the line of best fit through the points
corresponding to the eight recorded peak
annual runoff events. Both these lines closely
approximate a 45-degree line, which suggests
that the hydraulic submodel, in conjunction
with the hydrologic submodel, is adequately
simulating peak discharges without signifi
cant bias.

Over-simulation or under-simulation of flood dis
charge may be attributable to spatial variations in
the amount of rainfall occurring over the subwater
shed. That is, even though the two precipitation
observation stations used to provide input data are
located near the watershed, and even though the
watershed is small, it is possible for portions of the
basin to receive precipitation amounts, especially
during brief events such as thunderstorms, that are
significantly different from those recorded at the
observation stations. Over-simulation or under·
simulation may also be attributable to variations in
the time at which a particular runoff event begins.
It is unlikely that precipitation will begin through
out the watershed at exactly the same time at
which it begins at the observation stations.

-OVer-simulation of flood discharges during early
spring months or under-simulation during winter
months may sometimes be attributable to the
hydrologic submodel itself. The model, in simu
lating certain kinds of winter runoff events, may
compute too much infiltration, thus somewhat
under-simulating the actual runoff. The model
may also, in simulating certain kinds of early
spring runoff events, compute too little infiltra
tion, thus somewhat over-simulating the actual
runoff. However, improper simulation of certain
runoff events due to the reasons noted above should
not adversely. affect overall long-term hydrologic
hydraulic modeling results. This is so because over
the relatively long 40-year simulation period used
in the Pike River watershed study, positive and
negative simulation errors tend to compensate
resulting in a relatively uniform frequency distribu
tion of simulated annual peak discharges. This
simulated frequency distribution should closely
approximate the actual distribution for the 40-year
period. Therefore, the simulated flood frequency
curves are also expected to closely approximate
actual flood frequency relationships even though
simulation error for some individual flood events
may exist.

Hydraulic Submodel 2: After successful calibration
of the Hydrologic Submodel and Hydraulic Sub-



Figure 46

RECORDED AND SIMULATED FlOW DURATION CURVES FOR THE
PIKE RIVER AT THE UW-PARKSIDE GAGE: OCTOBER 1971-SEPTEMBER 1979
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Figure 47

RECORDED AND SIMULATED HYDROGRAPHS FOR THE PIKE RIVER ATTHE
UW·PARKSIDE GAGE FOR SELECTED EVENTS: OCTOBER 1971·SEPTEMBER 1979
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Figure 48

LINEAR CORRELATION BETWEEN RECORDED AND
SIMULATED PEAK DISCHARGES FOR 25 SELECTED
RUNOFF EVENTS FOR THE PIKE RIVER AT THE UW
PARKSIDE GAGE: OCTOBER 1971-SEPTEMBER 1979

Water Quality Calibrations
on the Pike River Watershed
After completing calibration of the Hydrologic
Submodel and Hydraulic Submodel 1, the Water
Quality Submodel calibration process was initiated.
This sequential approach was used since successful
water quality simulation is contingent upon effec
tive hydrologic-hydraulic modeling because runoff
from the land surface and flow in the streams pro
vide the transport mechanisms for water quality
constituents. Meteorologic, channel, point pollu
tion source, and nonpoint pollution source input
data sets were prepared using the procedures
described earlier in this chapter. With respect to
calibration data, the Water Quality Submodel was
calibrated using the result of the stream water
index sampling program conducted under the area
wide water quality management planning program.

an adjustment in the channel or floodplain Man
ning roughness coefficient. In some cases, improve
ments were made in the manner in which the
channel-floodplain shape or bridge or culvert geo
metry was represented.
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model 1 on the Pike River watershed, and subse
quent development of flood discharges as discussed
earlier in this chapter, Hydraulic Submodel 2 was
calibrated against historic flood stage information
utilizing the developed flood discharges. The his
toric flood inventory described in Chapter VI
resulted in the acquisition of historic high water
data for streams in the Pike River watershed.

The calibration process involved comparing the
plotted 10-, 50-, and 100-year flood stage pro
files obtained using Hydraulic Submodel 2 to
historic high water marks. The relative position
of the recorded and simulated flood stages was
examined for consistency. For example, because
the 1978 flood was determined to be approxi
mately a 10-year recurrence interval event, a close
correlation would be expected between exisiting
land use-floodland development 10-year recurrence
interval flood stage profiles obtained from Hydrau
lic Submodel 2 and actual high water marks
obtained during or immediately after that event.

In those instances in which an inconsistent rela
tionship existed between simulated and historic
flood stages, the problem was normally resolved by

The fall calibration period, September 7, 1976 to
October 6, 1976, provided the primary data for
calibration of the Water Quality Submodel at the
two sampling stations. The calibration process
consisted of comparison of the observed water
quality and the model results for the upstream
sampling location, and when acceptable results
were achieved at that location, the downstream
location was analyzed. After achieving successful
calibration with emphasis on six parameters
temperatures, dissolved oxygen, phosphate phos
phorus, the nitrogen forms, fecal coliform counts,
and carbonaceous biochemical oxygen demand
the remaining simulated parameters-chlorides and
total dissolved solids-were examined for reason
ableness. After minor adjustments were made in
the nonpoint loading rates for chlorides and total
dissolved solids, the model produced acceptable
results for the calibration period.

The recorded constituent values for the CTH A
sampling site on the Pike River for the calibration
period are presented in Figure 49 along with the
simulations results. The figure indicates that
the model well simulates flow, temperature, dis
solved oxygen, phosphate phosphorus, the nitrogen
forms, and carbonaceous biochemical oxygen
demand while yielding overall acceptable results
with respect to fecal coliform counts, chlorides,
and total dissolved solids.
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Figure 49

RECORDED AND SIMULATED WATER QUALITY DATA FOR THE PIKE RIVER
AT THE UW-PARKSIDE GAGE: SEPTEMBER 5, 1978-0CTOBER 5,1976
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Figure 49 (continued)
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Figure 49 (continued)
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SUMMARY

A quantitative analysis of streamflow and water
quality conditions under existing and possible
alternative future conditions is a fundamental
requirement of any comprehensive watershed plan
ning effort. Discharge, stage, and water quality at
any point and time within the stream system of
a watershed are a function of three factors: meteo
rological conditions and events, the nature and
use of the land, and the characteristics of the
stream system.

Hydrologic-hydraulic-water quality-flood econo
mics simulation, accomplished with a set of inter
related digital computer programs, is an effective
way to conduct the quantitative analysis required
for watershed planning. Such a water resource
model was developed for and used in the Pike
River watershed planning program. The various
submodels comprising the model were selected
from existing computer programs or were devel
oped by the Commission staff so that the com
posite model would meet the watershed study
needs as stated in the form of nine criteria. The
Water Resource Simulation Model used in the
Pike River watershed planning program consists
of the following five submodels: the Hydrologic
Submodel, Hydraulic Submodel 1, Hydraulic Sub
model 2, the Water Quality Submodel, and the
Flood Economics Submodel.

The principal function of the Hydrologic Sub
model is to determine the volume and temporal
distribution of runoff from the land to the stream
system. The basic conceptual unit on which this
submodel operates is the hydrologic land segment.
A hydrologic land segment type is defined as a land
drainage unit exhibiting a unique combination of
meteorological characteristics, such as precipitation
and temperature; land characteristics, such as the
proportion of land surface covered by impervious
surfaces; soil types; and slopes. The submodel,
operating on a time interval of one hour or less,
continuously and sequentially maintains a water
balance within and between the various interre
lated hydrological processes as they occur with
respect to the land segment. Meteorologic and land
data constitute the two principal types of input for
operation of the Hydrologic Submodel. The key
output from the submodel consists of a continuous
series of runoff quantities for each hydrologic land
segment type in the watershed.

The function of Hydraulic Submodel1 is to accept
as input the runoff from the land surface as pro-

duced by the Hydrologic Submodel in combination
with point and groundwater source discharges, to
aggregate it, and to route it through the stream
system, thereby producing a continuous series of
discharge values at predetermined locations along
the rivers and streams of the watershed. Applica
tion of this submodel requires that the stream
system be divided into reaches and impoundment
sites. Input for Hydraulic Submodel 1 consists of
parameters describing the reaches and impound
ment sites as well as the output from the Hydro
logic Submodel and point source discharges.

Hydraulic Submodel 2 computes flood stages
attendant to flood flows of specified recurrence
intervals as produced by Hydraulic Submodel 1.
Use of this submodel requires, in addition to the
output of Hydraulic Submodel 1, a very detailed
description of the watershed stream system includ
ing channel-floodplain cross sections, Manning
roughness coefficients, and complete physical
descriptions of all hydraulically significant culverts,
bridges, and dams. The principal output from
Hydraulic Submodel 2 consists of flood stage
profiles which are used to delineate flood hazard
areas and to provide input to the Flood Econo
mics Submodel.

The Flood Economics Submodel performs two
principal functions: calculation of average annual
flood damages to floodland structures and com
putation of the costs of alternative flood control
and floodland management measures such as flood
proofing and removal of structures, earthen dikes
and concrete floodwalls, and major channelization
works. In addition to the flood stage and prob
ability information obtained from Hydraulic Sub
model 2, input to the Flood Economics Submodel
includes basic cost data and parameters describing
the physical aspects of riverine area structures,
dikes and floodwalls, and channelized reaches.
Output from the model consists of the monetary
costs and benefits of each floodland management
alternative that is formulated and tested.

The Water Quality Submodel simulates the time
varying concentration, or levels, of the following
water quality indicators at selected points through
out the surface water system: temperature, dis
solved oxygen, fecal coliform bacteria, phosphate
phosphorus, total dissolved solids, carbonaceous
biochemical oxygen demand, ammonia nitrogen,
nitrate nitrogen, nitrite nitrogen and organic nitro
gen. Operating on a reach-by-reach basis, the sub
model continuously determines water quality as
a function of reach inflow and outflow, dilution,
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and biochemical processes. Input to the Water
Quality Submodel consists of output from the
Hydrologic Submodel, channel data, meteorologic
data, and nonpoint and point pollution source
data. Output from the submodel consists of a con
tinuous series of water quality levels at selected
points on the watershed stream system.

Data base development includes the acquisition,
verification, and coding of the data needed to
operate, calibrate, test, and apply the model. The
model data base for the watershed consists of
a large, primarily computer-based file divided into
six categories: meteorological data, land data,
channel data, riverine area structure data, diffuse
or nonpoint source data, and point source data.
The meteorological data set is the largest because it
contains 40 years of daily or hourly information
for eight types of meteorological data. The data
base was assembled using data collected under
other Commission planning programs, inventory
data collected under the Commission areawide
water quality management planning program, and
data from other sources such as the National
Weather Service.

Many of the algorithms incorporated within the
Water Resource Simulation Model are approxima
tions of complex natural phenomena. Therefore,
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before the model could be used to simulate hypo
thetical watershed conditions, it was necessary to
calibrate the model. Calibration consists of com
paring model results with factual historic data and,
if a significant difference is found, making parame
ter adjustments to adapt the model to the effects
of the natural and man-made features of the plan
ning region and the watershed. The three types of
validation data available for calibratiorl of the
Water Resources Simulation Model were stream
flow data, flood stage data, and water quality data.

The Hydrologic Submodel and Hydraulic Sub
models 1 and 2 were successfully calibrated by
comparing the simulated discharges to daily stream
flows at the stream gaging station on the Pike River
at the University of Wisconsin-Parkside campus and
by comparing simulated stages to historic stages
available at locations around the watershed.

The Water Quality Submodel was then calibrated
to the surface water system of the Pike River
watershed by means of data obtained from the
stream water index site sampling program con
ducted by the Commission. These data represented
a range of meteorologic, hydrologic, and hydraulic
conditions. When these data were used in conjunc
tion with model input parameters already reported,
an acceptable calibration was achieved.
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Chapter IX

WATER LAW

I
(

I

INTRODUCTION

In any sound planning and engineering effort, it is
necessary to investigate the legal as well as the
physical and economic factors affecting the prob
lem under consideration. In comprehensive water
shed planning, the law can be as important as the
hydrology of the basin or the benefits and costs of
proposed water quantity and quality 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 encoun
tered during plan implementation. This is particu
larly true in the area of water resources.

Water constitutes one of the most important
natural resources. It is essential not only to many
of the primary economic activities of man but also
to life itself. The available quantity and quality of
this important resource are of concern to agricul
tural, commercial, manufacturing, conservation,
and government interests. The rights to the avail
ability and use of water are, accordingly, of vital
concern to a host of public and private interest
groups, and the body of law regulating these rights
is far from simple or static. Moreover, changes
in this complex, dynamic body of law may be
expected to take place even more rapidly as. pres
sure on regional, state, and national water resources
becomes more intense. For example, the Wisconsin
Supreme Court in recent years has expressly over
ruled the historic common law doctrine on both
groundwater law 1 and diffuse surface water law,2
finding the historic doctrines in these areas no
longer applicable to modern water resource prob
lems and conflicts.

To provide the basis for a careful analysis of exist
ing water law in southeastern Wisconsin, a survey
was undertaken of the legal framework of public

1State v. Michels Pipeline Construction, Inc., 63
Wis. 2d 278 (1974).

2State v. Deetz, 66 Wis. 2d 1, 224 N. W. 2d 407
(1974).

and private water rights affecting water resources
management, planning, and engineering. This
undertaking was one of the important work ele
ments of the first comprehensive watershed plan
ning program in the Southeastern Wisconsin
Region, that for the Root River watershed. The
findings of this initial legal study, conducted under
the direction of the late Professor J. H. Beuscher
of the University of Wisconsin Law School, were
set forth in the initial edition of SEWRPC Tech
nical Report No.2, Water Law in Southeastern
Wisconsin, published in January 1966. This initial
water law study included an inventory of existing
powers and responsibilities of the various levels and
agencies of government involved in water resource
management, as well as a discussion of the struc
ture of public and private water rights which must
necessarily be considered in the formulation of
a comprehensive watershed plan. Because of the
dynamic nature of water law, including not only
case law decisions but increasing intervention into
the area of water law by both the U. S. Congress
and the Wisconsin Legislature, the Commission in
1977 updated the findings of the legal study set
forth in SEWRPC Technical Report No.2. The
results of this updated study of water law have
been set forth in the second edition of SEWRPC
Technical Report No.2, Water Law in South
eastern Wisconsin.

This chapter consists of a summary presentation of
a portion of the more detailed information con
cerning water law set forth in the technical report.
For a detailed discussion of water law concepts and
principles, including legal classifications of water,
principal divisions of water law, riparian and public
rights law, and diffuse surface water law, consult
SEWRPC Technical Report No.2, Water Law in
Southeastern Wisconsin, Second Edition. The
major purpose of this chapter is to summarize the
salient legal factors bearing on the water-related
problems of the Pike River watershed and on plans
for their solution, thereby laying the basis for
intelligent future action. This chapter does not,
however, dispense with the need for continuing
legal study with respect to water law, since this
aspect of the overall planning effort becomes
increasingly important as plan proposals reach the
implementation stage.
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Attention in this chapter is focused first on those
aspects of water law generally pertinent to the
planning and management of the water resources
of any watershed in southeastern Wisconsin.
Included in this section are a discussion of the
machinery for water quality management of the
federal, state, and local levels of government; and
a discussion of the development and operation of
harbors. Finally, more detailed consideration is
given to those aspects of water law that relate more
specifically to the problems of the Pike River water
shed, including inventory findings on state water
regulatory permits and state water pollution abate
ment orders and permits.

WATER QUALITY MANAGEMENT

Because the Pike River watershed study is intended
to deal with problems of water quality as well as
water quantity, and to recommend water use
objectives and water quality standards for the Pike
River basin, it 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 through pri
vate action.

Federal Water Quality Management
The federal government has long been involved in
water quality management efforts, although it is
only in recent years that the U. S. Congress has
acted to secure the establishment of water use
objectives and supporting standards for navigable
waters. The 1899 Refuse Act prohibited the dis
charge of refuse matter of any kind, other than
that flowing from streets and sewers, into any
navigable waters of the United States or tributaries
thereto without first obtaining a permit from the
Secretary of the Army. The Secretary was directed
to make a specific finding that the discharge of any
refuse matter would not adversely affect anchorage
and navigation; no finding on water quality was,
however, required. This act and the permits issued
thereunder were largely ignored until enactment
of the National Environmental Policy Act of 1969
(NEPA), which required all federal agencies to con
sider the environmental impact in the adminis
tration of all public laws, and the Water Quality
Improvement Act of 1970, which required appli
cants for federal permits to file a certification from
the appropriate state that the proposed discharge
would not violate any applicable state-adopted
water quality standard.

A broader federal approach to water quality man
agement began with the passage of the Federal
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Water Pollution Control Act on June 30, 1948.
With the passage of this Act, the federal govern
ment began to take effective steps toward con
trolling and preventing pollution of the navigable
waters of the United States. Initially, the Act was
primarily directed at establishing a federal grant
in-aid program for the construction of publicly
owned waste treatment facilities. In the mid
1960's, requirements were added relating to the
establishment of interstate water quality standards.
The Act was substantially revised by the Federal
Water Pollution Control Act amendments of 1972,
enacted into law on October 18, 1972. In general,
the revised Act provides for an increased emphasis
on enhancing the quality of all of the navigable
waters of the United States, whether interstate or
intrastate, and further places an increased emphasis
on planning and on examining alternative courses
of action to meet stated water use objectives and
supporting water quality standards. Th~ Act
declares it to be a national goal to eliminate the
discharge of pollutants into the navigable waters
of the United States by 1985 and stipulates that,
wherever obtainable, an interim goal of water
quality be achieved by 1983 providing for the
protection and propagation of fish· and natural
wildlife and for human recreation in and on the
water; that substantial federal financial assistance
be provided to construct publicly owned waste
treatment works; and that areawide waste treat
ment management planning processes be devel
oped and implemented to assure adequate control
of sources of pollutants within each state. The
requirements of the Act may be categorized under
the following headings: water quality standards
and effluent limitations, pollutant discharge permit
system, continuing statewide water quality manage
ment planning processes, areawide waste treatment
planning and management, and waste treatment
works construction. In the following discussion,
attention is focused on these relevant portions of
the Federal Water Pollution Control Act, as well as
on the requirements of the National Environmental
Policy Act of 1969.

Water Quality Standards and Effluent Limitations:
Since 1965, the Federal Water Pollution Control
Act has required states to adopt water use objec
tives and supporting water quality standards for
all interstate waters. The Act as amended in 1972
incorporates by reference all existing interstate
water quality standards and requires for the first
time the adoption and submittal to the U. S. Envi
ronmental Protection Agency (EPA) for approval
of all intrastate water use objectives and supporting
water quality standards. Wisconsin, through the



Natural Resources Board and the Department of
Natural Resources, has adopted the required inter
state and intrastate water use objectives and sup
porting water quality standards. These objectives
and standards as related to streams and water
courses in the Pike River watershed are discussed
below. Under the new federal law, state gover
nors are required to hold public hearings every
three years for the purpose of reviewing the
adopted water use objectives and supporting water
quality standards and, in light of such hearings,
appropriately modify and readopt such objectives
and standards.

In addition to water use objectives and standards,
the Act requires the establishment of specific
effluent limitations for all point sources of water
pollution. Such limitations require the application
of the best practicable water pollution control
technology currently available, as defined by the
EPA Administrator. In addition, any waste source
which discharges into a publicly owned treatment
works must comply with applicable pretreatment
requirements, also to be established by the EPA
Administrator. By July 1,1977, all publicly owned
treatment works were to meet effluent limitations
based upon a secondary level of treatment and
through application of the best applicable waste
treatment knowledge. In addition to these uniform
or national effluent limitations, the Act further
provides that any waste source must meet any
more stringent effluent limitations as required to
implement any applicable water use objective and
supporting standard established pursuant to any
state law or regulation or any other federal law
or regulation.

Pollutant Discharge Permit System: The Federal
Water Pollution Control Act, as amended in 1972,
establishes a national pollutant discharge elimi
nation system. Under this system the EPA Admin
istrator, or a state upon approval of the EPA
Administrator, may issue permits for the discharge
of any pollutant or combination of pollutants
upon the condition that the discharge will meet
all applicable effluent limitations or upon such
additional conditions as are necessary to carry out
the provision of the Act. All such permits must
contain conditions to assure compliance with all
of the requirements of the Act, including con
ditions on data and information collection and
reporting. For facilities other than publicly owned
treatment works, Section 301 of the Act requires
the application not later than July 1, 1983, of the
best available technology economically achievable
for each class of point sources which will result in

reasonable further progress toward the national
goal of elimination of the discharge of all pollu
tants into navigable waters. Publicly owned treat
ment works must provide for the application of the
best practicable waste treatment technology over
the life of the works no later than July 1, 1983.
In essence, the Act stipulates that all dischargers
to navigable waters must obtain a federal permit
or, where a state is authorized to issue permits,
a state permit. The intent of the permit system
is to include in the permit, where appropriate,
a schedule of compliance which will set forth the
dates by which various stages of the requirements
imposed in the permit shall be achieved. As dis
cussed below, Wisconsin has an approved permit
system operating under the national pollutant
discharge elimination system.

Continuing Statewide Water Quality Management
Planning Process: The Federal Water Pollution
Control Act stipulates that each state must have
a continuing planning process consistent with the
objectives of the Act. States are required to submit
a proposed continuing planning process to the EPA
Administrator for his approval. The Administrator
is prohibited from approving any state discharge
permit program under the pollutant discharge elimi
nation system for any state which does not have an
approved continuing planning process.

The state continuing planning process must result
in water quality management plans for the navi
gable waters within the state. Such plans must
include at least the following items: effluent limi
tations and schedules of compliance to meet water
use objectives and supporting water quality stan
dards; the elements of any areawide wastewater
management plan prepared for metropolitan areas;
the total maximum daily pollutant load to all
waters identified by the state for which the uni
form or national effluent limitations are not
stringent enough to implement the water use
objectives and supporting water quality standards;
adequate procedures for revision of plans; adequate
authority for intergovernmental cooperation;
adequate steps for implementation, including sche
dules of compliance with any water use objectives
and supporting water quality standards; adequate
control over the disposition of all residual waste
from any water treatment processing; and an
inventory and ranking in order of priority of needs
for the construction of waste treatment works
within the state.

In effect, the state planning process is designed to
result in the preparation of comprehensive water
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quality management plans for natural drainage
basins or watersheds. Such basin plans, however,
are likely to be less comprehensive in scope than
the comprehensive watershed plans prepared by
the Regional Planning Commission. The statewide
planning process is largely envisioned as one of
synthesizing the various basin, watershed, and
regional planning elements prepared throughout
the State by various levels and agencies of govern
ment. The state planning process should become
the vehicle for coordinating all state and local
activities directed at securing compliance with the
requirements of the Federal Water Pollution Con
trol Act.

Areawide Waste Treatment Planning and Manage
ment: Section 208 of the Federal Water Pollution
Control Act, as amended in 1972, provides for the
development and implementation of areawide
waste treatment management plans. Such plans
are intended to become the basis upon which the
EPA approves grants to local units of government
for the construction of waste treatment works. The
Act envisions that the Section 208 planning process
would be most appropriately applied in the nation's
metropolitan areas which, as a result of urban and
industrial concentrations and other development
factors, have substantial water quality control prob
lems. Accordingly, the Act envisions the formal
designation of a Section 208 planning agency for
substate areas that are largely metropolitan in
nature and the preparation of the required areawide
water quality management plan by that agency.

Any areawide plan prepared under the Section 208
planning process must include the identification
of both point and nonpoint sources of water pollu
tion and the identification of cost-effective mea
sures which will abate those sources. The plans
must also identify the appropriate "management
agency" responsibilities for implementation. All
areawide waste treatment management plans must
be updated annually and certified annually by the
state governor to the EPA Administrator as being
consistent with any applicable basin plans prepared
under the continuing statewide water quality man
agement planning process. 3

3 The legal requirements are described in more
detail in Chapter VI of SEWRPC Planning Report
No. 30, A Regional Water Quality Management
Plan for Southeastern Wisconsin: 2000, Volume
One, Inventory Findings.
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On September 27, 1974, the seven-county South
eastern Wisconsin Region and the Southeastern
Wisconsin Regional Planning Commission were
formally designated as a Section 208 planning area
and planning agency pursuant to the terms of the
Federal Water Pollution Control Act. Following
preparation of a detailed study design and after
receiving a planning grant from the U. S. Environ
mental Protection Agency, the Commission started
the planning program in July 1975. The program
was continued through the July 12, 1979 formal
adoption of the plan by the Commission. The plan
adoption followed a series of public meetings and
hearings, and is fully documented in SEWRPC
Planning Report No. 30, A Regional Water Quality
Management Plan for Southeastern Wisconsin,
Volume One, Inventory Findings, Volume Two,
Alternative Plans, and Volume Three, Recom
mended Plan. The plan was approved by the
Wisconsin Natural Resources Board on July 25,
1979, by the Governor on December 3, 1979, and
by the U. S. Environmental Protection Agency on
April 30, 1980.

In general, the Section 208 water quality planning
and management program for southeastern Wis
consin was used to update, extend, and refine the
previous studies and plans completed by the Com
mission, and in so doing to fully meet the require
ments of the Federal Water Pollution Control Act.
Furthermore, the Commission has determined that
the water quality-related plan recommendations set
forth in the adopted Section 208 regional water
quality management planning program will be fully
integrated into and coordinated with the recom
mendations to be formulated under the Pike River
watershed plan.

Waste Treatment Works Construction: One of the
basic goals of the Federal Water Pollution Control
Act is to provide for federal funding of publicly
owned waste treatment works. Such funding must
be based upon an approved areawide waste treat
ment management plan designed to provide for
control of all point and nonpoint sources of pollu
tion. The Act further encourages waste treatment
management at specific treatment works which
provide for the recycling of potential pollutants;
the confined and contained disposal of any pollu
tants not recycled; the reclamation of wastewater;
and the ultimate disposal of any sludge in an envi
ronmentally safe manner.

The Act stipulates that the EPA Administrator
may not approve any grant unless the applicant
demonstrates that the sewage collection system



discharging into the sewage treatment facility is
not subject to excessive infiltration or clear water
inflow. In addition, the EPA Administrator is
required to find that alternative waste management
techniques for a particular facility have been
studied and evaluated and that the specific works
proposed for federal assistance will provide for the
application of the best practicable waste treatment
technology over the life of the works. Federal
funding for any grant for waste treatment works
has been set at 75 percent of the construction
costs. The applicant for federal funding must adopt
a system of charges to assure that each recipient of
waste treatment services within the applicant's
jurisdiction will pay its proportionate share of the
operation and maintenance costs of any waste
treatment services provided. In addition, industrial
users of treatment works must pay to the applicant
that portion of the cost of construction which is
allocable to the treatment of industrial wastes.

National Environmental Policy Act: One of the
significant pieces of national legislation in recent
years is the National Environmental Policy Act of
1969. This Act broadly declares that it is national
policy to encourage a productive and enjoyable
relationship between man and his environment; to
promote efforts which will prevent or eliminate
damage to the environment; and to enrich the
understanding of the ecological systems and
natural resources important to the nation. This
Act has broad application to all projects in any
way related to federal action. The mechanism for
carrying out the intent of the National Environ
mental Policy Act of 1969 is the preparation of an
environmental impact statement for each project.
This statement must include documentation of the
environmental impact of the proposed project; any
adverse environmental effects which cannot be
avoided should the project be constructed; any
alternative to the proposed project; the relation
ship between the local short-term uses of man's
environment and the maintenance and enhance
ment of long-term productivity; and any irrever
sible and irretrievable commitments of resources
which would be involved in the proposed action
should it be implemented. As discussed below,
Wisconsin has a similar environmental policy
accompanying state governmental action of all
kinds within the State, whether or not such action
is federally aided.

State Water Quality Management
Responsibility for water quality management in
Wisconsin is centered in the Wisconsin Department

of Natural Resources (DNR). Pursuant to the State
Water Resources Act of 1965, the Department of
Natural Resources acts as the central unit of state
government to protect, maintain, and improve the
quality and management of the ground and surface
waters of the State. The only substantive water
quality management authority not located in the
Wisconsin Department of Natural Resources is the
authority to regulate private septic tank sewage
disposal systems, a function that joins general
plumbing supervision as the responsibility of the
Wisconsin Department of Health and Social Ser
vices, Division of Health. Attention in this section
of the chapter will be focused on those specific
functions of the Wisconsin Department of Natural
Resources which directly bear upon water quality
management and, hence, upon the preparation of
those elements of the Pike River watershed plan
pertaining to water pollution control.

Water Resources Planning: Section 144.025(2)(a)
of the Wisconsin Statutes requires that the Depart
ment of Natural Resources formulate a long-range
comprehensive state water resources plan for each
region in the State. The seven-county Southeastern
Wisconsin Planning Region coincides with one of
the water resources districts established by the
Department. This section of the statutes also stipu
lates that the Department formulate plans and pro
grams for the prevention and abatement of water
pollution and for the maintenance and improve
ment of water quality. In addition, Section 144.02
of the Wisconsin Statutes authorizes the Depart
ment to conduct drainage basin surveys. This statu
tory authority enables the Department of Natural
Resources to conduct the continuing state water
quality management planning process required by
the Federal Water Pollution Control Act.

Water Use Objectives and Water Quality Standards:
Section 144.025(2)(b) of the Wisconsin Statutes
also requires that the Wisconsin Department of
Natural Resources prepare and adopt water use
objectives and supporting water quality standards
that apply to all surface waters of the State. Such
authority is essential if the State is to meet the
requirements of the Federal Water Pollution Con
trol Act. Water use objectives and supporting
water quality standards were initially adopted for
interstate waters in Wisconsin on June 1, 1967, and
for intrastate waters on September 1, 1968. On
October 1, 1973, the Wisconsin Natural Resources
Board adopted revised water use objectives and
supporting water quality standards which were set
forth in Wisconsin Administrative Code Chapters
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NR102, 103, and 104. On October 1,1976, Admin
istrative Code Chapter NR104 was further revised.

Revised water quality standards have been formu
lated for the following major water uses: ecological
and environmental preserves use; recreational use;
restricted recreational use; public water supply;
warm water fishery; trout fishery; salmon spawning
fishery; limited fishery (intermediate aquatic life);
and marginal aquatic life. In addition, there are
minimum standards which apply to all waters. The
revised water use objectives and supporting water
quality standards for the Pike River watershed are
shown on Map 40 and in Table 71, respectively.
These standards are statements of the physical,
chemical, and biological characteristics of the water
that must be maintained if the water is to be suit
able for the specified uses. Chapter 144 of the
Wisconsin Statutes recognizes that different stan
dards may be required for different waters or
portions thereof. According to the chapter, in all
cases the "standards of quality shall be such as to
protect the public interest which includes the
protection of the public health and welfare and
the present and prospective future use of such
waters for public and private water supplies, propa
gation of fish and aquatic life and wildlife, domestic
and recreational purposes and agricultural, com
mercial, industrial and other legitimate uses.,,4

Minimum Standards: All surface waters must meet
certain conditions at all times and under certain
flow conditions. "Practices attributable to munici
pal, industrial, commercial, domestic, agricultural,
land development or other activities shall be con
trolled so that all waters including the mixing zone
and the effluent channel meet the following condi
tions at all times .and under all flow conditions:

(a) Substances that will cause objectionable
deposits on the shore or in the bed of
a body of water shall not be present in
such amounts as to interfere with public
rights in the waters of the State.

(b) Floating or submerged debris, oil scum or
other material shall not be present in such
amounts as to interfere with public rights
in the waters of the State.

(c) Materials producing color, odor, taste or
unsightliness shall not be present in such
amounts as to interfere with public rights
in the waters of the State.

4 Wisconsin Statute Section 144.025(2)(b).
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(d) Substances in concentrations or com
binations which are toxic or harmful to
humans shall not be present in amounts
found to be of public health significance,
nor shall substances be present in amounts
which are acute~ harmful to animal, plant,
or aquatic life."

Ecological and Environme:atal Preserves Use: A body
of surface water may be placed under this clas
sification if it is determined by the Department
of Natural Resources that the specified water is
important to the overall environmental integrity
of the area. For such waters the Department of
Natural Resources may require other effluent
limitations including allocations of wastelands for
organic material, toxicants, and chlorine residuals.
In waters identified as trout streams or located in
scientific, wild, or scenic areas, or identified as
having high recreation potential, effluent criteria
will be evaluated on a case-by-case basis.

Recreational Use: Waters to be used for recrea
tional purposes should be aesthetically attractive,
free of substances that are toxic upon ingestion or
irritating to the skin upon contact, and void of
pathogenic organisms. The first two conditions are
satisfied if the water meets the minimum standards
for all waters as previously described, whereas the
third condition requires that a standard be set to
ensure the safety of water from the standpoint of
health. The concentration of fecal bacteria is the
indicator now used for this purpose. Since the fecal
coliform count is only an indicator of a potential
public health hazard, the Wisconsin Standards
specify that a thorough sanitary survey to assure
protection from fecal contamination be the chief
criterion for determining recreational suitability.

Restricted Recreational Use: This objective applies
to continuous and noncontinuous streams for
restricted use downstream from an area of intense
urban development or where wastewater has a pre
dominant influence. The significant characteristics
of this category are the maximum fecal coliform
level of 1,000 per 100 milliliters (ml) based on not
less than five samples per month, or 2,000 per 100
ml in more than 10 percent of all samples during
any month, and a minimum dissolved oxygen level
of 2.0 milligrams per liter (mgtl). The restricted
recreational use objective is used to signify condi
tions which may be hazardous to health upon
whole or partial body contact.

5 Wisconsin Administrative Code Chapter NRl 02.02.



Map 40

WATER USE OBJECTIVES FOR SURFACE WATERS IN THE PIKE RIVER WATERSHED
ADOPTED BY THE WISCONSIN NATURAL RESOURCES BOARD: 1979
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Table 71

WATER USE OBJECTIVES AND WATER QUALITY STANDARDS FOR LAKES
AND STREAMS IN THE SOUTHEASTERN WISCONSIN REGION: 1979

Individual Water Use Objectivesa,b,c

Fish and Aquatic Life Combinations of Water Use Objectives Adopted for Southeastern Wisconsin Inland Lakes and Stream

Limited Fishery
(I ntermediate Warmwater Fishery Trout Fishery and Salmon Spawning

Limited Restricted Marginal Aquatic Aquatic Life). and Aquatic Life, Aquatic Life, Fishery and Aquatic

Public Salmon FisheryW,X Marginal Use and Life Recreational Recreational Use, Recreational Use. Recreational Use, Life, Recreational
Water Quality Recreational Restricted Water Warrnwater Trout Spawning (Intermediate Aquatic Minimum

useS;~:d:i~~[j1um
and Minimum and Minimum and Minimum Use, and Minbmum

Parameters Use UseQ Supply Fishery Fishery Fishery Aquatic Life) Lifed,w Standardsb Standards
b

Standards
b

Standardsb Standards

Maximum Temperature (OF) e --e --e 8ge,h --e.! --e,f 8ge 8ge e --e 8ge 8ge --e,f --e.!

pH Range (S.U.). . ... 6.0-9.09 6.0-9.09 6.0-9.09 6.0-9.09 6.0-9.09 6.0-9.09 6.0-9.09 6.0-9.09 6.0-9.09 6.0-9.09 6.0-9.09 6.0-9.09 6.0-9.09

Minimum Dissolved
OXYgen (m9/1) . .... 2.0 5.0h 6.0

i
5.0i 3.0 2.0 2.0 1.0 3.0 5.0

h
6.0

i 5.0i
Maximum Fecal Coliform

200-400
k

(counts per 100 mil .. 200-400k 1,000-2,0001 200-400k 200-400k 1.000-2,000
1

200-400k 200-400k 200-400k 200-400k

Maximum Total Residual
Chlorine (m9/1) .... 0.01 0.002Y 0.002Y 0.5 0.5 0.5 0.5 O.Ol Y 0.002Y 0.002Y

Maximum Unionized
Ammonia-Nitrogen (mgJI) 0.02u 0.02

u
0.02

u
0.2

v
0.2v 0.02

u
0.02

u
0.02u

Maximum Nitrate-
Nitrogen (m9/1) ...... 10

Maximum Total
Dissolved Solids (m9/1) .. 500-750m

Othel,s,t........... n I --p I --o,p I --p I p I I q I I p p o,p I p

a Includes SEWRPC interpretations of all basic water use categories established by the Wisconsin Department of Natural Resources plus those combinations of water use categories applicable to the Southeastern Wisconsin Region. It is recognized that,
under both extremely high and extremely Jaw flow conditions, instream water quality levels can be expected to violate the established water quality standards for a reasonable length of time without damaging the overall health of the stream. It is
important to note the critical differences between the official state and federally adopted water quality standards-composed of "use designations" and "water quality criteria "-and the water use objectives and supporting standards of the Regional
Planning Commission. The U. S. Environmental Protection Agency and the Wisconsin Department of Natural Resources, being regulatory agencies, utilize water quality standards as a basis for enforcement actions and compliance monitoring. This
requires that the standards have a rigid basis in research findings and in field experience. The Commission, by contrast, must forecast regulations and technology far into the future, documenting the assumptions used to analyze conditions and problems
which may not currently exist anywhere, much less in or near southeastern Wisconsin. As a result, more recent-and some times more controversial-study findings must sometimes be applied. This results from the Commission's use of the water quality
standards as criteria to measure the relative merits ofalternative plans.

b All waters shall meet the following minimum standards at all times and under all flow conditions: substances that will cause objectionable deposits on the shore or in the bed of a body of water shall not be present in such amounts as to interfere with
public rights in waters of the State. Floatrng or submerged debris, oi/, scum, or other material shall not be present in such amounts as to interfere with public rights in the waters of the State. Materials producing color, odor, taste, or unsightliness shall
not be present in amounts found to be of public health significance, nor shall substances be present in amounts which are acutely harmful to animal, plant, or aquatic life.

c Standards presented in the table are applicable to lakes over 50 acres in surface area and to major streams of the Region.

d Includes all effluent channels used predominantly for waste carriage and assimilation, wetland$, and diffuse surface waters and includes selected continuous and noncontinuous streams as specified by the DNR on the basis of field surveys and identified
as "marginal surface waters. II (See Wisconsin Administrative Code, Chapter NR 104.02(3)(b).)

e There shall be no temperature changes that may adversely affect aquatic life. Natural daily and seasonal temperature fluctuations shall be maintained. The maximum temperature rise at the edge of the mixing zone above the existing natural temperature
shall not exceed !flF for streams and :fJF for lakes.

f There shall be no significant artificial increases in temperature where natural trout or stocked salmon reproduction is to be protected.

g The pH shall be within the range of 6.0 to 9.0 standard units with no change greater than 0.5 units outside the estimated natural seasonal maxim"um and minimum.

h Dissolved oxygen and temperature standards apply to continuous streams and the epi/imnion of stratified lakes and to the unstratified lakes; the dissolved oxygen standard does not apply to the hypolimnion of stratified inlake lakes. Trends in the
period of anaerobic conditions in the hypolimnion of deep inland lakes should be considered important to the maintenance of their natural water quality, however.



Table 71 (continued)

I Dissolved oxygen shall not be lowered to less than 7.0 mgll during the trout spawning season.

j The dissolved oxygen in the Great Lakes tributaries used by stocked salmonids for spawning runs shall not be lowered below natural background during the period of habitation.

k Shall not exceed a monthly geometric mean of 200 per 100 mt based on not less than five samples per month nor a monthly geometric mean of 400 per 100 ml in more than 10 percent of all samples during any month.

I Shall not exceed a monthly geometric mean of 1,000 per 100 mlbased on not less than five samples per month flora monthly geometric mean of 2,000 per 100 ml in more than 10 percent ofa/l samples during any month.

mNot to exceed 500 mg/l as a monthlv average nor 750 mg/lat anv time.

n The intake water supply shall be such that by appropriate treatment and adequate safeguards it will meet the established Drinking Water Standards.

a Streams classified as trout waters by the DNR (Wisconsin Trout Streams, publication 213~72) shall not be altered from natural background by effluents that influence the stream environment to such an extent that trout populations are adversely
affected.

p Unauthorized concentrations of substances are not permitted that alone or in combination with other materials present are toxic to fish or other aquatic life. The determination of the toxicity ofa substance shall be based upon the available scientific
data base. References to be used in determining the toxicity ofa substance shall include, but not be limited to, Quality Criteria for Water, EPA-44019-76-o03, U. S. Environmental Protection Agency, Washington, D. C., 1976, and Water Quality Criteria
1972, EPA-R3-73-003, National Academy of Sciences, National Academy of Engineering, U. S. Government Printing Office, Washington, D. C., 1974.' Questions concerning the permissible levels, or changes in the same, ofa substance, or combination
of substances, or undefined toxicity to fish and other biota shall be resolved in accordance with the methods specified in Water Quality Criteria 1972 and Standard Methods for the Examination of Water and Wastewater, 14th Edition, American Public
Health Association, New York, 1975, or other methods approved by the Department of Natural Resources.

q The parametric values presented are those typically assigned; although the term "restricted" best describes the intended use, the specific chemical parameters may vary from one such reach ofstream to another, since these criteria are established by the
Wisconsin Department of Natural Resources on a case-by-case basis, as noted in Wisconsin Administrative Code Chapter NR 104.

r,sWaters important to overall environmental integrity including trout streams, scientific areas, wild and scenic areas, endangered species habitat, and waters of high recreational potential all are subject to further pollution analysis and special standards
and effluent criteria. See Wisconsin Administrative Code Chapter NR 104.02(4)(a), whereby this is to be determined by the Wisconsin Department of Natural Resources on a case-by-case basis. No waters in southeastern Wisconsin are designated under
this categorv as of 1977.

t Lake Michigan thermal discharge standards, which are intended to minimize the effects on aquatic biota, apply to facilities discharging heated water directlv to Lake Michigan, exclUding that from municioal waste and water treatment plants and vessels
or ships. Such discharges shall not raise the temperature of Lake Michigan at the boundary of the mixing zone established by the Wisconsin Department of Natural Resources by more than 3'"F and, except for the Milwaukee and Port Washington
Harbors, thermal discharges shall not increase the temperature of Lake Michigan at the boundary of the established mixing zones during the following months above the following limits:

January, February, March
April
Mav
June

4~F
5~F
600F
700F

JuIV, August, September
October
November
December

SoOF
6~F

600F
500F

After a review of the ecological and environmental impact of thermal discharges in excess of a daily average of 500 million BTU per hour, mixing zones are established by the Department of Natural Resources. Any plant or facility, the construction of
which is commenced on or after August 1, 1974, shall be so designed that the thermal discharges therefrom to Lake Michigan comply with mixing zones established by the Department. In establishing a mixing zone, the Department will consider
ecological and environmental information obtained from studies conducted subsequent to February 1, 1974, and any requirements of the Federal Water Pollution Control Act Amendments of 1972, or regulations promulgated thereto.

u This level of un-ionized ammonia is assumed to be present at the temperature range of 70-7sOF and pH of 8.0 standard units, which are generally the critical conditions in the Region, and at ammonia-nitrogen concentrations ofabout 0.4 mgll or
greater, and has been recommended by the USEPA as a water quality standard for the protection of fish and other aquatic life of the types found in the natural waters of the Region.

v This level of un-ionized ammonia is assumed to be present at the temperature range of 10-7sOF and pH of 8.0 standard unIts, which are generally the critical conditions in the Region, and at ammonia-nitrogen concentrations ofabout 3.5 mgll or
greater, and hall been identified by the USEPA as a maximum concentration for the protection of tolerant species of insect life and forage minnows and other aquatic life of the types found in the Region.

WMay include explicitly designated agricultural drainage ditches.

x Includes selected continuous and noncontinuous streams as specified by the DNR on the basis of field surveys and identified as "surface waters not supporting a balanced aquatic community (intermediate aquatic life)."

V Based on the level recommended in Qualit)' Criteria for Water EPA44019·76-o03, U. S. Environmental Protection Agencv, Washington, D.C., 1976.

'"~ Source: Wisconsin Department of Natural Resources and SEWRPC.



Public Water Supply: The principal criterion of
quality standards in raw water intended to be used
for public water supply is that the water, after
appropriate treatment, be able to meet Wisconsin
Department of Natural Resources drinking water
standards established in 1974. The DNR standards
of raw water to be used for water supply include
an allowable pH range and maximum limits on
temperature, dissolved solids, and fecal coliform.

Warm water Fishery: As indicated in Table 71, this
objective is intended to result in water quality ade
quate to support fish and aquatic life and whole
body contact recreational use. The most significant
characteristics of this category are the inclusion of
an 890 F maximum temperature and a minimum
dissolved oxygen requirement of 5.0 mg/l.

Trout Fishery: Standards for water to be used for
the preservation and enhancement of fish and
aquatic life generally are specified in terms of
parameters that affect the physiological condition
of the fish, the food chain that sustains the fish,
and the aquatic environment. The DNR standards
for the trout fishery are set forth in Table 71. This
category requires that no significant artificial tem
perature increases occur where natural trout repro
duction occurs, and requires minimum dissolved
oxygen levels of not less than 7.0 mg/l during
spawning season.

Salmon Spawning Fishery: This standard is appli
cable to those continuous streams used by stocked
salmonoids for spawning runs. No significant
artificial temperature increases from background
levels will be allowed where natural salmon
spawning occurs. In contrast to the trout fishery
objective, a minimum dissolved oxygen level of
5.0 mg/l is allowed. This level is not to be lowered
below natural background levels during the period
of habitation.

Limited Fishery (Intermediate Aquatic Life): This
water use objective is applied to continuous and
noncontinuous streams for intermediate aquatic
life not supporting a balanced aquatic community.
This intermediate aquatic life objective is one of
the variance categories provided by Wisconsin
Administrative Code Section NR104.02(3). The
most significant characteristics of this intermediate
aquatlc life objective are the maximum tempera
ture of 890 F, minimum dissolved oxygen level of
0.2 mg/l, and maximum un-ionized ammonia
nitrogen level of 0.2 mg/l.
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Marginal Aquatic Life: This objective applies to
continuous and noncontinuous streams and efflu
ent channels, wetlands, and surface waters. Mar
ginal uses supporting only very tolerant life forms
are allowed. The most significant standards sup
porting the marginal aquatic life objective, as
shown in Table 71, are a maximum temperature
of 890 F, a minimum dissolved oxygen level of
2.0 mg/l, a maximum fecal coliform count of
200 per 100 ml based on not less than five samples
per month or 400 per 100 ml in more than 10 per
cent of all samples during any month, and a maxi
mum total residual chlorine level of 0.5 mg/l.

Application of the Water Use Objectives to the
Pike River Watershed: The application of the
aforementioned 10 basic categories of water use
objectives required specification of a design low
flow at or above which the water quality standards
commensurate with each water use objective are to
be met. The water use objectives state that com
pliance with the supporting standards is to be
evaluated on the basis of streamflow as low as the
7 day-10 year low flow, which is defined as the
minimum 7-<lay mean low flow expected to occur
once on the average of every 10 years. That is, for
a given water use objective, the stream water
quality is to be such as to satisfy the supporting
standards for all streamflow conditions at or above
the 7 day-10 year low flow.

The water use objectives established in 1976 by
the Wisconsin Department of Natural Resources
for the surface waters of the Pike River water
shed include the following five categories: salmon
spawning fishery and aquatic life, recreational use,
and minimum standards; warmwater fishery and
aquatic life, recreational use, and minimum stan
dards; limited fishery and aquatic life, recreational
use, and minimum standards; marginal aquatic life,
recreational use, and minimum standards; and
restricted recreational use and minimum standards.
The established water use objectives apply to all
perennial streams in the watershed, which include
the Pike River, Waxdale Creek, Chicory Creek,
Lamparek Ditch, Sorenson Creek, School Tribu
tary, Somers Branch, and Pike Creek. A compari
son of the state-adopted water use objectives to the
SEWRPC-recommended objectives is set forth in
Table 79 in Chapter X of this report. As noted in
that table, the Commission-adopted regional water
quality management plan generally envisions an
upgrading of the water use objectives in the Pike
River watershed, in recognition of the potential



pollution abatement possible as a result of non
point pollution controls, coupled with the recom
mended point source pollution controls.

Water Pollution Abatement Orders: Pursuant to
Section 144.025(2)(c) of the Wisconsin Statutes,
the Department of Natural Resources is given
authority to issue general orders applicable through
out the State to the construction, installation, :use,
and operation of systems, methods, and means for
preventing and abating water pollution. This sec
tion also stipulates that the Department may adopt
specific rules relating to the installation of water
pollution abatement systems. Pursuant to this
authority, the Department has adopted require
ments for sewage disposal in Chapter NR108 of
the Wisconsin Administrative Code and for the
design and operation of sewerage systems in Chap
ter NRllO of the Wisconsin Administrative Code.

Special pollution abatement orders directing par
ticular polluters to secure appropriate operating
results at sewage treatment facilities in order to
control water pollution or to cease the discharge of
pollutants at a particular point are authorized to be
issued by the Department in Section 144.025(2)(d)
of the Wisconsin Statutes. Such orders may pre
scribe a specific time for compliance with provi
sions of the order. Such orders are directed not
only at municipal units of government that operate
sewage treatment plants but also at private cor
porations and individuals who in any way discharge
wastes to the surface or groundwaters of the State.
The Department has the power to make such inves
tigations and inspections as are necessary to ensure
compliance with any pollution abatement orders
which it issues. In cases of noncompliance with any
pollution abatement order, the Department has the
authority to take any action directed by the order
and to collect the costs thereof from the owner
to whom the order was directed. Such charges
become a lien against the property involved. To
a large extent, the issuance of waste discharge
permits as discussed below has become a substitute
for the issuance of water pollution abatement
orders by the Department, since such permits con
tain specified performance and operating standllIds.

Effluent Reporting and Monitoring System: Sec
tion 144.54 of the Wisconsin Statutes directs the
Department of Natural Resources to require by
rule that persons discharging industrial wastes,
toxic and hazardous substances, or air contami
nants submit a report on such discharges to the
Department. The law further specifically exempts
municipalities from the rules and establishes an

annual monitoring fee to provide for the cost of
administering the program. In response to this
statutory mandate, the Department prepared and
adopted Chapter NR101 of the Wisconsin Admin
istrative Code setting forth specific rules by which
the reporting and monitoring program is to be con
duct~d. Of particular importance to water quality
management are the effluent reports required in
this chapter.

The rules require every person discharging indus
trial wastes or toxic and hazardous substances
to file an effluent report with the Department
if: 1) treated or untreated effluent is discharged
directly to surface waters; 2) a minimum of 10,000
gallons of effluent per day one or more days a year
is discharged to a land disposal system or to
a municipal sewerage system; 3) less than 10,000
gallons per day is discharged to a land disposal
system or a municipal sewerage system if the
Department finds that reporting is necessary to
protect the environment; and 4) more than
1,000,000 British Thermal Units are contributed
per day one or more days per year to the effluent
discharged to surface waters. Certain discharges
are exempted from reporting, primarily if the dis
charge contributes none of the particular industrial
wastes or toxic and hazardous substances specified
in the Code. In addition, agricultural land runoff
from land used exclusively for crop production
need not be reported. Generally, the reports
required by the Department must provide specific
locations where effluent is being discharged to
either surface waters, a sanitary sewerage system,
or a land disposal system; estimates of the annual
and average daily quantity of effluent discharged;
concentrations and quantities of industrial wastes
or toxic and hazardous substances contributed to
the effluent in excess of the required reporting
level; temperatures and volumes of thermal dis
charges; pH range of effluent; and a brief descrip
tion of the manner and amount of raw materials
used to produce wastes being reported.

Pollutant Discharge Permit System: Section 147.02
of the Wisconsin Statutes requires a permit for the
legal discharge of any pollutant into the waters of
the State, including groundwaters. This state pollu
tant discharge permit system was established by
the Wisconsin Legislature in direct response to the
requirements of the Federal Water Pollution Con
trol Act of 1972, as discussed above. While the
federal law envisioned requiring a permit only for
the discharge of pollutants into navigable waters, in
Wisconsin permits are required for discharges from
point sources of pollution to all surface waters of
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the State and, additionally, to land areas where
pollutants may percolate or seep to, or be leached
to, groundwaters. Rules relating to the pollutant
discharge elimination system are set forth in Chap
ter NR200 of the Wisconsin Administrative Code.

Discharges for which permits are required include
the following:

1. The direct discharge of any pollutant to any
surface water.

2. The discharge of any pollutant, including
cooling waters, to any surface water through
any storm sewer system not discharging to
publicly owned treatment works.

3. The discharge of pollutants other than from
agriculture for the purpose of disposal, treat
ment, or containment on land areas, includ
ing land disposal systems such as ridge and
furrow, irrigation, and ponding systems.

Certain discharges are exempt from the permit
system, including discharges to publicly owned
sewerage works; discharges from vessels; discharges
from properly functioning marine engines; and
discharges of domestic sewage to septic tanks and
drain fields, which are regulated under another
chapter of the Wisconsin Administrative Code.
Also exempted are the disposal of septic tank
pumpage and other domestic waste, also regulated
by another chapter of the Wisconsin Administra
tive Code, and the disposal of solid wastes, includ
ing wet or semiliquid wastes, when disposed of
at a site licensed pursuant to another chapter
of the Wisconsin Administrative Code.

The establishment of the Wisconsin pollution
discharge permit system (WPDES) is a significant
step both in terms of the data provided concerning
point sources of pollution and in terms of the
regulatory aspects of the permit system, including
a listing of the treatment requirements and a sche
dule of compliance setting forth dates by which
various stages of the requirements imposed by the
permit shall be achieved. It is envisioned that the
water quality management plans prepared pursuant
to the terms of the Federal Water Pollution Con
trol Act will be fully reflected in the permits issued
under the pollutant discharge elimination system.
As such, the pollutant discharge permit system is
the primary vehicle for implementation of the
basic goal of achieving the water use objectives for
the receiving waters.
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Septic Tank Regulation: In performing its func
tions of maintaining and promoting the public
health, the Wisconsin Division of Health is charged
with the responsibility of regulating the installa
tion of private septic tank sewage disposal systems.
Such systems often contribute to the pollution of
surface and groundwaters. Pursuant to Chapter 236
of the Wisconsin Statutes, the Division of Health
reviews plats of all land subdivisions not served by
public sanitary sewerage systems and may object to
such plats if sanitary waste disposal facilities are
not properly provided for in the layout of the plat.
The Division has promulgated regulations govern
ing lot size and elevation in Chapter H-65 of the
Wisconsin Administrative Code. Basic regulations
governing the installation of septic tank systems
are set forth in Chapter H-62 of the Wisconsin
Administrative Code. The Wisconsin Department
of Natural Resources, however, must approve the
provisions of the state plumbing code which sets
specifications for septic tank systems and their
installation. That Department also may prohibit
the installation or use of septic tanks in any area
of the State where, based on Department findings,
the use of septic tanks would impair water quality.
All septic tanks in the State must be registered by
permit pursuant to Section 144.03 of the Wis
consin Statutes.

Wisconsin Environmental Policy Act: The Wiscon
sin Legislature in April 1972 created Section 1.11
of the Wisconsin Statutes relating to governmental
consideration of environmental impact. In many
ways the state legislation parallels the National
Environmental Policy Act of 1969 discussed earlier
in this chapter. Under this state legislation, all
agencies of the State must include a detailed
environmental impact statement in every recom
mendation or report on proposals for legislation
or other major actions which would significantly
affect the quality of the human environment. The
required contents of this statement parallel the
contents required in the federal environmental
impact statements. The effect of the state legisla
tion is, therefore, to extend the environmental
impact statement concept to all state action not
already covered under the federal action.

Local Water Quality Management
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 or set of circumstances
bearing upon the health, safety, and welfare of
the community. Presumably, the water quality



of a recelVlng stream or the polluting capability
of effluent generated within the municipal unit
would fall within the regulative sphere by virtue
of its potential danger to health and welfare. Such
local ordinances could not, however, conflict with
the federal and state legislation in this area.

Local and county boards of health have powers to
adopt and enforce rules and regulations designed
to improve the public health. This broad grant of
authority includes regulatory controls relating to
environmental sanitation and, hence, water pollu
tion. County boards of health, established by action
of the county board of supervisors pursuant to
Section 140.09 of the Wisconsin Statutes, can pro
vide an effective vehicle for the enactment of
countywide regulations designed in part to pre
vent and control further pollution of surface
waters and groundwaters.

County park commissions established pursuant
to Section 27.02 of the Wisconsin Statutes have
powers to investigate the pollution of streams and
lakes throughout the entire county and to engage
in weed control and treatment practices in order
to ameliorate one effect of such pollution: weed
growth. 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.

Special Units of Government: In addition to the
broad grant of authority to general-purpose units
of local government, the Wisconsin Statutes cur
rently provide for the creation of four types of
special-purpose units of government through which
water pollution can be abated and water quality
protected. These are: 1) metropolitan sewerage
districts; 2) utility districts; 3) joint sewerage sys
tems; and 4) cooperative action by contract.

Metropolitan Sewerage Districts: In 1972 the Wis
consin Legislature enacted into law new enabling
legislation for the creation of metropolitan sewer
age districts outside Milwaukee County. This legis
lation is set forth in Sections 66.20 and 66.26 of
the Wisconsin Statutes. This legislation stipulates
that proceedings to create a metropolitan sewerage
district may be initiated by resolution of the gov
ernmental body of any municipality. Such resolu
tion, which must set forth a description of the
territory proposed to be included in the district
and a description of the functions proposed to be
performed by the district, is submitted to the
Wisconsin Department of Natural Resources.
Upon receipt of the resolution, the Department is

required to schedule a public hearing for the pur
pose of permitting any persons to present any
information relating to the matter of the proposed
metropolitan sewerage district. Within 90 days of
the hearing, the Department must either order or
deny the formation of the proposed district. The
Department must order the formation of the
district if it finds that the district consists of at
least one municipality in its entirety and all or
part of other municipalities; if the district is
determined to be conducive to management of
a unified system of sewage collection and treat
ment; if the formation of the district will promote
sound sewerage management policies and operation
and is consistent with adopted plans of municipal,
regional, and state agencies; and if the formation of
the district will promote the public health and
welfare and effect efficiency and economy in
sewerage management. No territory of a city or
village jointly or separately owning or operating
a sewage collection or disposal system may be
included in the district, however, unless it has
filed with the Department of Natural Resources
a certified copy of a resolution of its governing
body consenting to the inclusion of its territory
within the proposed district. No metropolitan
sewerage districts had been created in the Pike
River watershed as of 1979.

Utility Districts: Section 66.072 of the Wisconsin
Statutes permits towns, villages, and cities of the
third and fourth class to establish utility districts
for a number of municipal improvement functions,
including the provision of sanitary sewer service.
Funds for the provision of services within the
district are provided by levying a tax upon all
property within the district. The establishment of
utility districts requires a majority vote in towns
and a three-fourths vote in cities and villages. Prior
to establishing such a district, the local governing
bodies are required to hold a formal public hearing.
Three such districts-the Town of Mt. Pleasant
Utility District No.1, the Town of Pleasant Prairie
Sewer Utility District D, and the Town of Somers
Utility District No. I-have been established in the
Pike River watershed.

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 its services outside its jurisdictional area
on a reimbursable basis. In addition, the Wisconsin
Legislature, in Section 60.30(2) of the Wisconsin
Statutes, evidenced an intent that town sanitary

293



districts be created to provide auxiliary sewer con
struction in unincorporated areas of metropolitan
sewerage districts. Town sanitary districts are
usually created by the town board upon petition
of 51 percent of the property owners or 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 or water supply sys
tems constitute a public health menace and that
there is no local action evident to correct the
situation, order the creation of such districts.
One such district, the Town of Somers Sanitary
District No.1, has been created in the Pike
River watershed.

Joint Sewerage Systems: Section 144.07 of the
Wisconsin Statutes provides the authority for
a group of governmental units, including city,
village, and town sanitary or utility dlstncts, to
construct and operate a joint sewerage system
following hearing and approval by the Wisconsin
Department of Natural Resources. The Statute
stipulates that when one governmental unit renders
such service as sewage conveyance and treatment
to another unit under this section, reasonable
compensation is to be paid. Such reasonable
charges are to be determined by the governmental
unit furnishing the service. If the governmental
unit receiving this service deems the charge unrea
sonable, the Statutes provide for either binding
arbitration by a panel of three reputable and
experienced engineers or for judicial review in
the circuit court of the county of the govern
mental unit furnishing the service. As an alterna
tive, the jointly acting governmental units may
create a sewerage commission to project, plan,
construct, and maintain in the area sewerage
facilities for the collection, transmission, and
treatment of sewage. Such a sewerage commission
becomes a municipal corporation and has all the
powers of a common council and board of public
works in carrying out its duties. However, all bond
issues and appropriations made by such a sewerage
commission are subject to approval by the gov
erning bodies of the units of government which
initially formed the commission. The Statutes
stipulate that each governmental unit must pay its
proportionate share of constructing, operating, and
maintaining the joint sewerage system. Grievances
concerning same may be taken to the circuit court
of the county in which the aggrieved governmental
unit is located. No joint sewerage systems had been
formed in the Pike River watershed as of 1979.
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Cooperative Action by Contract: Section 66.30 of
the Wisconsin Statutes permits the joint exercise
by municipalities, broadly defined to include the
State or any department or agency thereof or any
city, village, town, county, school district, public
library system, sanitary district, or regional plan
ning commission, of any power or duty required
of or authorized to individual municipalities by
statute. To jointly exercise any such power, such as
the transmission, treatment, and disposal of sanitary
sewage, municipalities would have to create a com
mission by contract. Appendix A of SEWRPC Tech
nical Report No.6, Planning Law in Southeastern
Wisconsin, contains a model agreement creating
such a cooperative contract commission.

Shoreland Regulation: The State Water Resources
Act of 1965 provides for the regulation of shore
land uses along navigable waters to assist in water
quality protection and pollution abatement and
prevention. In Section 59.97(1) of the Wisconsin
Statutes, the Legislature defines shorelands as all
that area lying within the following distances from
the normal high water elevation of all natural lakes
and of all streams, ponds, sloughs, flowages, and
other waters which are navigable under the laws of
the State of Wisconsin: 1,000 feet from the shore
line of a lake, pond, flowage, or glacial pothole
lake and 300 feet from the shoreline of a stream or
to the landward side of the floodplain, whichever
is greater.

Section 144.26 of the Wisconsin Statutes specifi
cally authorizes municipal zoning regulations for
shorelands. This Statute defines municipality as
meaning a county, city, or village. The shoreland
regulations authorized by this Statute have been
defined by the Wisconsin Department of Natural
Resources to include land subdivision controls and
sanitary regulations. The purposes of zoning, land
subdivision, and sanitary regulations in shoreland
areas include the maintenance of safe and healthful
conditions in riverine areas; the prevention and con
trol of water pollution; the protection of spawning
grounds, fish, and aquatic life; the control of build
ing sites, placement of structures, and land use; and
the preservation of shore cover and natural beauty.
A more complete discussion of local shoreland
regulatory powers is contained in SEWRPC Plan
ning Guide No.5, Floodland and Shoreland Devel
opment Guide.

Private Steps for Water Pollution Control
The foregoing discussion deals exclusively with



water pollution control machinery available to
units and agencies of government. Direct action
may also be taken, however, by private individuals
or organizations to effectively abate water pollu
tion. In seeking direct action for water pollution
control there are two legal categories of private
individuals: riparians, or owners of land along
a natural body of water, and nonriparians.

Riparians: It is not enough for a riparian proprietor
seeking an injunction to show simply that an upper
riparian is polluting the stream and thus he, the
lower riparian, is being damaged. Courts will often
inquire as to the nature and the extent of the
defendant's activity; its worth to the community;
its suitability to the area; and its present attempts,
if any, to treat wastes. The utility of the defen
dant's activity is weighed against the extent of the
plaintiff's damage within the framework of reason
able alternatives open to both. On the plaintiff's
side, the court may inquire into the size and scope
of his operations, the degree of water purity that
he actually requires, and the extent of his actual
damages. This approach may cause the court to
conclude that the plaintiff is entitled to a judicial
remedy. Whether this remedy will be an injunction
or merely an award of damages depends on the
balance which the court strikes after reviewing
all the evidence. For example, where a municipal
treatment plant or industry is involved, the court,
recognizing equities on both sides, might not grant
an injunction stopping the defendant's activity but
might compensate the plaintiff in damages. In addi
tion, the court may order the defendant to install
certain equipment or to take certain measures
designed to minimize the future polluting effects
of his waste disposal. It is not correct to charac
terize this balancing as simply a test of economic
strengths. If it were simply a weighing of dollars
and cents, the rights of small riparians would never
receive protection. The balance that is struck is one
of reasonable action under the circumstances, and
small riparians can be and have been adequately
protected by the courts.

Riparians along water bodies in the Southeastern
Wisconsin Region are not prevented by the exis
tence of federal, state, or local pollution control
efforts from attempting to assert their common
law rights in courts. The court may ask the Wis
consin Department of Natural Resources to act as
its master in chancery, especially where unbiased
technical evidence is necessary to determine the
rights of litigants. The important point, however,
is that nothing in the Wisconsin Statutes can be
found which expressly states that, in an effort to

control pollution, all administrative remedies must
first be exhausted before an appeal to the courts
may be had or that any derogation of common law
judicial remedies is intended. Thus, the courts are
not prevented from entertaining an original action
brought by a riparian owner to abate pollution.

Nonriparians: The rights of nonriparians to take
direct action through the courts are less well
defined than in the case of riparians. The Wisconsin
Supreme Court set forth a potentially far-reaching
conclusion in Muench v. Public Service Commis
sion6 when it 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 is 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 nonriparian citizen is directly suing to
enforce his public rights in a stream. Only when
such a case does arise can it be determined if the
Court will stand behind the broad language quoted
above or draw back from its implications. The
more traditional view would be that a nonriparian
citizen must show special damages in a suit to
enforce his public rights.

It should be noted that Section 144.537 of the
Wisconsin Statutes presently enables six or more
citizens, whether riparian or not, to file a com
plaint leading to a full-scale public hearing by the
Department of Natural Resources on alleged or
potential acts of pollution. In addition, a review
of Department orders may be had pursuant to Sec
tion 144.56 of the Wisconsin Statutes by "any
owner or other person in interest." This review
contemplates eventual court determination under
Chapter 227 of the Wisconsin Statutes when neces
sary. The phrase "or other person" makes it clear
that nonriparians may ask such judicial review.

The Federal Water Pollution Control Act also
provides for citizen suits. Under this law, any
citizen, meaning a person or persons having an
interest which is or may be adversely affected, may
commence a civil action on his or her own behalf

6 261 Wis. 492, 53 N. W. 2d 514(1952).
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the flood lands may be considered as consisting
of two components: the channel of the river or
stream itself and the adjacent natural floodplains.
The channel may be defined as the continuous
linear area occupied by the river or stream in times
of normal flow. The natural floodplain may be
defined as the wide, flat-to-gently sloping area
contiguous with and lying adjacent to the channel,
usually on both sides. The floodplain is normally
bounded on its outer edges by higher topography.
A river may be expected to overflow its channel
banks and occupy some portion of its floodplains
on the average of once every two years. How much
of the natural floodplain will be occupied by any
given flood will depend upon the severity of that
flood and, more particularly, upon its elevation or
stage. Thus, an infinite number of outer limits of
the natural floodplain may be delineated, with
each delineation relating to a corresponding speci
fied flood recurrence interval. The Commission
has, therefore, recommended that the natural
floodplains of a river or stream be specifically
defined as those being confined to a flood having
a 1 percen t chance of occurring in any given year.

Source: SEWRPC.

Definition of Floodlands
The precise delineation of floodlands is essential to
the sound, effective, and legal administration of
flood land regulation. This is particularly true in
rapidly urbanizing areas, such as the Pike River
watershed. A precise definition of flood lands 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"
or "appreciable (flood) damage . . . is likely to
occur." This statutory description is not adequate
per se for floodland determination. For example,
as a watershed urbanizes, and as the hydraulic
characteristics of a stream are altered, additional
areas of a stream valley become subject to flood
ing. It becomes necessary, therefore, to regulate
the entire potential, as well as existing, flood
land areas.

In planning for the proper use of floodlands, it is
useful to subdivide the total floodland area on the
basis of the hydraulic function which the various
subareas are to perform, as well as on the basis of
the differing degrees of flood hazard that may be
present (see Figure 50). Under natural conditions,

Effective abatemen t 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 is not to be completely
abandoned in favor of floodland regulation. As
urbanization proceeds within a watershed, how
ever, it becomes increasingly necessary to develop
an integrated program of land use regulation of the
floodlands within the entire watershed to supple
ment required water control facilities if efforts to
provide such facilities are not to be self-defeating.

FLOODLAND REGULATION
AND CONSTRUCTION OF
FLOOD CONTROL FACILITIES

against any person, including any governmental
agency, alleged to be in violation of any effluent
standard, limitation, or prohibition of any pollu
tion discharge permit or condition thereof; or
against the EPA Administrator when there is
alleged failure by the Administrator to duly carry
out any nondiscretionary duty or act under the
Federal Water Pollution Control Act. Prior to
bringing such action, however, the citizen com
mencing the action must give notice to the alleged
violator. The courts when issuing final orders in
any action under this section may award costs of
litigation to any party.

296



This definition corresponds to the regulatory flood
selected for use by the Wisconsin Department of
Natural Resources in administering Wisconsin's
floodplain management program set forth in Chap
ter NR116 of the Wisconsin Administrative Code.

Under ideal regulatory conditions, the entire
natural floodplains as defined above would be
maintained in an open, essentially natural state,
and, therefore, would not be filled and utilized for
incompatible, intensive urban land uses. Conditions
permitting an ideal approach to floodland regula
tion, however, generally occur only in rural areas.
In areas which have already been developed for
intensive urban use without proper recognition of
the flood hazard, a practical regulatory approach
must embrace the concept of a floodway. A flood
way may be defined as a designated portion of
the floodlands-which includes the channel-that
will safely convey the 100-year recurrence interval
flood discharge, with small upstream and down
stream stage increases allowed, generally limited
in Wisconsin to 0.1 foot if the stage increase does
not increase the flood damage potential. Increases
greater than 0.1 foot are permissable only when
accompanied by appropriate legal arrangements
with the affected local units of government and
private property owners. Land use controls applied
to the regulatory floodway should recognize that
the designated floodway area is not suited for
human habitation and should essentially prohibit
all fill, structures, and other development that
would impair floodwater conveyance by adversely
increasing flood stages or velocities.

The floodplain fringe is that remaining portion of
the floodlands lying outside or beyond the flood
way. Because the use of a regulatory floodway may
result in increases in the stage of a flood of a speci
fied recurrence interval that would not occur under
natural conditions, the floodplain fringe may
include at its very edges areas that would not be
subject to inundation under natural conditions, but
which would be subject to inundation under regu
latory floodway conditions and, therefore, come
within the scope of necessary floodplain fringe
regulation. Normally, floodwater depths and
velocities are low in the floodplain fringe, and
accordingly, filling and urban development may be
permitted, although regulated to minimize flood
damages. Under "real world" conditions, the flood
plain fringe usually includes many existing build
ings constructed in natural floodlands prior to the
advent of sound floodland regulations.

The delineation of the limits of the floodland
regulatory area should be based upon careful
hydrologic and hydraulic studies such as have been
conducted under the Pike River watershed study
for the Pike River and its major tributaries.

Principles of Floodland Regulation
Certain legal principles must be recognized in the
development of land use regulations that would be
designed to implement a comprehensive watershed
plan. With respect to the floodland areas of the
watershed, those are as follows:

1. Sound floodland regulation must recognize
that the flood hazard is not uniform over the
entire floodland area. Restrictions and pro
hibitions in floodlands should, in general, be
more rigorous in the channels themselves
and in the floodways than in the floodplain
fringe areas.

2. While it 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 loca
tions in the floodplain fringe. Any such
structure, however, should comply with
special design, anchorage, and building
material requirements.

3. Sound floodland regulation must recognize,
and be adjusted to, existing land uses in the
floodlands. Structures already may exist
in the wrong places. Fills may be in place
restricting flood flows or limiting the flood
storage capacities of the river. The physical
effects of such misplaced structures and
materials on flood flows, stage, and veloci
ties can be determined. Floodland regulation
based on such determinations must include
legal measures to bring about the removal of
at least the most troublesome of offenders.

4. In addition to the physical effects of struc
tures and materials, sound floodland regula
tion must 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 as impact upon property values, the
property tax base, human anguish, aesthe
tics, 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 sani
tary codes.

Land Use Regulations in Floodlands
Based upon the above principles and upon the
definition of floodplains set forth above, the
Commission has proposed that the local units
of government within the entire Region utilize
a variety of land use controls to effect proper
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floodland development. The use of these controls
is discussed in SEWRPC Planning Guide No.5,
Floodland and Shoreland Development Guide, and,
therefore, will not be repeated here. The following
section, 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 the approval of the Wisconsin Depart
ment of Natural Resources, pursuant to Section
30.11 of the Wisconsin Statutes, any town, village,
city, or county may establish bulkhead lines along
any section of the shore of any navigable water
within its boundaries. Where a bulkhead line has
been properly established, material may be
deposited and structures built out to the bulk
head line, consistent with the appropriate flood
way zoning ordinance. A Wisconsin Department
of Natural Resources permit is required for the
deposit of material or the erection of a structure
beyond the bulkhead line. Where no bulkhead
line has been established, it is unlawful to deposit
any material or build any structure upon the bed
of any navigable water unless a Wisconsin Depart
ment of Natural Resources permit has first
been obtained.

The delineation of the outer boundary of the
bed of a navigable lake or stream thus becomes
a crucial legal issue, and the Statutes provide no
assistance in this problem. Where the lake or
stream has sharp and pronounced banks, it 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 limits
of the stream or lake bed. The task can present
a difficult practical problem, however, particularly
where the stream is bordered by low-lying wet
lands. Where bulkhead lines have been established,
however, or 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 Fringe Regulation: The
regulation of floodlands in Wisconsin is governed
primarily by the rules and regulations adopted by
the Wisconsin Department of Natural Resources
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pursuant to Section 87.30 of the Wisconsin Statutes.
In addition, with the advent of the federal flood
insurance program, the enactment of floodland
regulation in Wisconsin is further governed by rules
promulgated by the U. S. Department of Housing
and Urban Development. In essence, floodland
regulation in Wisconsin is a partnership between
the local, state, and federal levels of government.

State Floodplain Management Program: While the
Wisconsin Legislature long ago recognized that the
regulation of stream channel encroachments was
an areawide problem transcending county and
municipal boundaries and, therefore, provided for
state regulation, it was not until passage of the
State Water Resources Act in August 1966 that
a similar need was recognized for floodway and
floodplain fringe regulation. In that Act, the
Legislature created Section 87.30 of the Wisconsin
Statutes. This section authorizes and difects the
Wisconsin Department of Natural Resources to
enact floodland zoning regulations where it finds
that a county, city, or village has not adopted
reasonable and effective floodland regulations.
The cost of the necessary floodplain determination
and ordinance promulgation and enforcement by
the State must, under the Statute, be assessed and
collected as taxes from the county, city, or village
by the State. Chapter NR116 of the Wisconsin
Administrative Code sets forth the general criteria
for counties, cities, and villages to follow in enact
ing reasonable and effective floodland regulations.
In addition to providing for the proper administra
tion of a sound floodland zoning ordinance, the
criteria include a stipulation that, where applicable,
floodland zoning ordinances should be supple
mented with land subdivision regulations, building
codes, and sanitary regulations.

In practice, the Department of Natural Resources
issues orders to counties, cities, and villages when
sound flood hazard data become available for use
in floodland regulation. In the Southeastern Wis
consin Region, this has generally meant that such
orders are issued to communities upon completion
of comprehensive watershed studies developed by
the Regional Planning Commission, which include
the definitive determination of flood hazard areas.
These orders normally provide a period of six
months upon receipt of the flood hazard data for
the enactment of the necessary local regulations.

State Agency Coordination: On November 26,
1973, Governor's Executive Order No. 67 was
issued. It was designed to promote a unified state
policy of comprehensive floodplain and shoreland



management. The key provisions of the executive
order are as follows:

1. State agencies are now required to consider
flooding and erosion dangers in the adminis
tration of grant, loan, mortgage insurance,
and other financing programs.

2. All state agencies that are involved in land
use planning are required to consider flood
ing and erosion hazards when preparing and
evaluating plans. In addition, all state agen
cies directly responsible for new construc
tion of state facilities, including buildings,
roads, and other facilities, are required to
evaluate existing and potential flood hazards
associated with such construction activities.

3. All state agencies that are responsible for the
review and approval of subdivision plats,
buildings, structures, roads, and other facili
ties are required to evaluate existing or
potential flood hazards associated with such
construction activities.

4. In its license review, suspension, and revo
cation procedures, the State Real Estate
Examining Board must consider the failure
of real estate brokers, salesmen, or agents to
properly inform a potential purchaser that
property under consideration lies within an
area subject to flooding or erosion hazards.

The provisions of this executive order are extremely
important in that all state agencies are now required
to utilize the flood hazard data that have been and
are being developed. Thus, the provisions will assist
in assuring that state-aided action, such as high
way construction, will not contribute to increasing
flooding and erosion hazards or to changing the
character of the flooding. The order also assures
that state agency actions will be consistent with
local floodland regulations.

Federal Flood Insurance Program: A program to
enable property owners to purchase insurance to
cover losses caused by floods was established by
the U. S. Congress in the National Flood Insurance
Act of 1968. Taking note that many years of
installation of flood protection works had not
reduced losses caused by flood damages, Congress
sought to develop a reasonable method of sharing
the risk of flood losses through a program of flood
insurance, while at the same time setting in motion
local government land use control activity that

would seek to ensure, on a nationwide basis, that
future urban development within floodlands
would be held to a minimum.

The Act created a national flood insurance pro
gram under the direction of the Secretary of the
U. S. Department of Housing and Urban Develop
ment (HUD). The Secretary was given broad
authority to conduct all types of studies relating
to the determination of floodlands and the risks
involved in insuring development that may be situ
ated in natural floodland areas. The Act provided
for the establishment of a national flood insurance
fund, part of which would be established by con
gressional appropriations, designed to assist in
subsidizing insurance rates where necessary to
encourage the purchase of flood insurance by
individual landowners and thus reduce the need
for periodic federal disaster assistance. Congress
emphasized, however, that the establishment of
such a program was not intended to encourage
additional future development in flood-prone areas,
but rather to assist in spreading the risks created by
existing floodland development while taking effec
tive action to ensure that local land use control
measures effectively reduce future flood losses by
prohibiting unwise floodland development.

Participation in the national flood insurance pro
gram is on a voluntary, community-by-community
basis. A community must act affirmatively to make
its residents eligible to purchase flood insurance.
Once a community makes it known to the Secre
tary of the U. S. Department of Housing and Urban
Development that it wishes to participate in the
program, the Secretary authorizes appropriate
studies to be made to determine the special flood
hazard areas that may exist within the community
and the rates at which flood insurance may be
made available. In the Southeastern Wisconsin
Region, such flood insurance studies build upon
and at times supplement the flood hazard data
made available by the Regional Planning Commis
sion under the comprehensive watershed planning
programs. When the federal studies are completed,
the Secretary publishes a flood hazard boundary
map or maps, which identify the areas of "special
flood hazard," and a flood insurance rate map or
maps, which divide the community into various
zones for insurance purposes. A landowner is then
eligible to go to any private insurance agent and
purchase flood insurance up to certain specified
maximums at the rates established by the Secre
tary. Such rates can be federally subsidized if the
actuarial rates would result in a likelihood of
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widespread nonparticipation in the program. For
its part, the community must enact land use
controls which meet federal standards for flood
land protection and development. For all practical
purposes, once a community enacts floodland
regulations that meet the state requirements set
forth in Chapter NR116 of the Wisconsin Adminis
trative Code, it will have been deemed to meet all
federal requirements for similar controls.

In 1973 the U. S. Congress expanded the national
flood insurance program through enactment of the
Federal Flood Disaster Protection Act of 1973. In
addition to increasing the amount of both subsid
ized and unsubsidized flood insurance coverage
available for all types of properties, this act
expanded the insurance program to include erosion
losses caused by abnormally high water levels. In
addition, the Act stipulates that the purchase of
flood insurance is required for all structures within
flood hazard areas when a purchaser seeks a mort
gage through a federally supervised lending institu
tion. And, as a condition of future federal disaster
assistance in flood hazard areas, the Act requires
flood insurance to be purchased so as to ensure
that the next time a property is damaged by
floods, the losses will be covered by insurance and
federal disaster assistance will not be needed.

On May 24, 1977, the President of the United
States issued Executive Order 11988 concern
ing floodplain management. Appropriate federal
agencies were directed to accomplish the follow
ing tasks:

• Evaluate the potential effects of any actions
the agency may take in a floodplain;

• Ensure that the agency's planning programs
and budget requests reflect consideration of
flood hazards and floodplain management;

• Identify any proposed action to take place
in a floodplain in any new requests for
appropriations from the Office of Manage
ment and Budget;

• Consider floodplain management when for
mulating or evaluating any water resource
use appropriate to the degree of hazard
involved; and

• Issue new or amend existing regulations to
comply with the Executive Order.

The Executive Order was issued in furtherance of
the National Environmental Policy Act of 1969,
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the National Flood Insurance Act of 1968, and
the Flood Disaster Protection Act of 1973.

Construction of Flood Control Facilities
Sound physical planning principles dictate that
a watershed be studied in its entirety if practical
solutions are 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 as a whole.
A watershed, however, typically is divided 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
artificial demarcations become extremely impor
tant because they limit the jurisdiction-the phy
sical area-within which anyone particular arm
of local government may act. With respect to the
Pike River watershed, this limitation may be
overcome by delegation of the planning tasks to
SEWRPC with resulting designation of the imple
mentation roles of the various existing units of
government, or, if dictated by the physical plan
recommendations, by the creation of a special
purpose development district.

Interbasin Water Diversion
The legal problems encountered concerning inter
basin water diversion are discussed in Chapter IX
of SEWRPC Technical Report No.2, Water Law in
Southeastern Wisconsin. The traditional common
law riparian doctrine, which for the most part is
still in effect today in Wisconsin, forbade the
transfer of water between watersheds. However,
states· via legislative action can and have created
exceptions to this general doctrine. In contem
plating a stream diversion two major groups of
individuals may be in a position, depending upon
the quantity of water involved and the duration of
the diversion, to assert their private property rights
against the private or municipal agencies carrying
out the diversion. The first group consists of those
riparians along the stream from which the diversion
is made. The reasonableness of the diversion, the
"taking" of private property involved, and the
issue of compensation are all legal factors to be
considered. The second group of individuals who
may be in a position to assert legal rights are those
whose lands abut the streams or lakeshore into
which the diversion is made. Again, the diverter
is liable to these riparians for land taken or
damages caused as a consequence of the unnatur
ally increased flow.



Wisconsin Statutes Section 30.18 dealing with
water diversions stipulates that " ... no water shall
be so diverted to the injury of public rights in the
streams. . . . " The Statute also states that only
"surplus water," i.e., any water of a stream which
is not being beneficially used, can be diverted and
such diversions can be made only for the purpose
of maintaining normal stream or lake levels in
other watercourses. The only apparent exception
to this section applies to agricultural and irrigation
purposes, for which water other than "surplus
water" may be diverted but only with the consent
of all of the riparians who would be injured by the
diversion. To effect even these limited types of
diversions, hearings would have to be held and
permits issued by the Wisconsin Department of
Natural Resources. The recent Wisconsin Supreme
Court case of Omernik v. State stated that Section
30.18 applied to nonnavigable streams from which
water was diverted as well as to navigable streams.7

If the anticipated use of diverted water is other
than for one of the categories stipulated under
Section 30.18 of the Wisconsin Statutes, then the
common law test of reasonableness will be invoked.

SPECIFIC LEGAL CONSIDERATIONS
AND INVENTORY FINDINGS IN
THE PIKE RIVER WATERSHED

Inventories were conducted with respect to state
water regulatory permits, state water pollution
abatement orders and permits, federal water regula
tory permits, floodland regulation, flood insur
ance eligibility, and other local water-related
regulatory matters.

State Water Regulatory Permits
As noted earlier in this chapter, the Wisconsin
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 Pike River watershed study of all
permits issued by the Department of Natural
Resources in the Pike River watershed with respect
to water regulation.

Bulkhead Lines: Municipalities are authorized by
Section 30.11 of the Wisconsin Statutes to estab
lish by ordinance bulkhead lines, subject to review
and approval by the Wisconsin Department of
Natural Resources. Bulkheads are required to con
form as nearly as practicable to existing shores
and must be found by the Department of Natural

7 64 Wis. 2d 6,218 N. W. 2d 734 (1974).

Resources to be in the public interest. It was deter
mined that no bulkhead lines exist in the Pike
River watershed as of 1979.

Waterway Enlargement and Protection: Section
30.19 of the Wisconsin Statutes requires any
person who wishes to establish artificial waterways,
canals, channels, ditches, lagoons, ponds, lakes, or
other waterways to first secure a permit from the
Wisconsin Department of Natural Resources. Per
mits are also required to connect any natural or
artificially constructed waterway with an existing
body of navigable water. In addition, Section
30.195 requires permits for straightening or
changing in any other way the course of navigable
streams. These permits are listed in Table 72.

Other Water Regulatory Permits: In a search of
the records of the Wisconsin Department of
Natural Resources, permits were found for the
Pike River watershed for the following types of
water-related activities: placement of structures
and deposits in navigable waters (Wisconsin Statutes
Section 30.12); water diversion from lakes and
streams (Wisconsin Statutes Section 30.18);
dredging (Wisconsin Statutes Section 30.20); dam
and bridge construction, operation, and mainte
nance (Wisconsin Statutes Chapter 31); and the
installation of high-capacity wells (Wisconsin
Statutes Section 144.025(2)(c». These permits
are listed in Table 72.

State Water Pollution
Abatement Orders and Permits
An inventory was made of all effluent discharge
permits and of all outstanding pollution abatement
orders in the Pike River watershed. The following
section presents the results of that inventory.

Effluent Discharge Permits: As noted earlier in this
chapter, a new Wisconsin pollution discharge
elimination system permit structure was estab
lished by the Wisconsin Department of Natural
Resources pursuant to statutory authorization con
tained in Chapter 147 of the Wisconsin Statutes.
A permit is required for all industrial and munici
pal waste discharges. The inventory revealed that
to date (1979) a total of five industrial waste dis
charge permits have been applied for and/or issued
in the Pike River watershed and to date (1979)
a total of two municipal waste discharge permits
have been applied for and/or issued. All of the
industrial discharge outfalls involve the discharge
of cooling water. Pertinent characteristics pertain
ing to each of these permits are set forth in Tables
73 and 74, respectively.
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Table 72

STATE WATER REGULATORY PERMITS IN THE PIKE RIVER WATERSHED: 1979

Statute Permit Number Description

Section 30.12 3-SE-78-713 Washington Court Company-placement of rip rap
on the bed of Pike Creek

Section 30.18 2-WP-1829 Town of Somers-diversion of water from the
Pike R ivar for irrigation

3-SE-77-306 Kenosha Country Club-diversion of water from
the Pike River for irrigation

3·WR-1963 Town of Mt. Pleasant-diversion of water from
the North Branch Pike R ivar for irrigation

Section 30.195 3-WR-1908 Mt. Pleasant Storm Water Drainage District No. 1-
change in the course of the Pike River in the
Town of Somers

Section 30.20 3-SE-125 Wisconsin Natural Gas Company-removal of
materials from the bed of the Pike River

3-SE-310 Mt. Pleasant Storm Water Drainage District No. 1-
dredge materials from the bed of the Pike River
in the Towns of Mt. Pleasant and Somers

3-SE-400 Town of Mt. Pleasant-removal of materials
from the bed of the Pike River

3-SE-452 Kenosha County Park Commission~removal of
materials from the bed of the Pike River

3-SE-484 Town of Mt. Pleasant-removal of materials from
the bed of an unnamed tributary to the Pike
River in the SW Y. of the SE Y. of Section 14,
T3N,R22E

3-SE-78-007 Johnson Real Estate Corporation-removal of
materials from the bed of an unnamed tributary
to Sorenson Creek in the Town of Somers

3-SE-176 Kenosha County Park Commission-removal of
materials from the bed of the Pike River
in the Town of Somers

3-SE-549 Kenosha Water Utility-removal of materials from
the bed of the Pike River

3-SE-77-056 Village of Sturtevant, Town of Mt. Pleasant-
removal of materials from the beds of the
Pike River and the Worthington Lateral

3-SE-77-57 Village of Sturtevant, Town of Mt. Pleasant-
removal of materials from the bed of the
Pike River

3-SE-77-058 Wisconsin Natural Gas Company-removal of
materials from the bed of the Pike River
in the Town of Somers

3-SE-77-059 Wisconsin Natural Gas Company-removal of
materials from the bed of the Pike River
in the T own of Somers

3-SE-77-055 Town of Mt. Pleasant-removal of materials
from the beds of Sorenson Creek and an
unnamed tributary to Sorenson Creek

Section 144.025 80-411 Maple Crest Country Club-installation of
a high capacity well in the Town of Somers

80-413,80-414 Eagle Chateau Apartment Complex-installation of
two high capacitY wells in the Town of Somers

Source: Wisconsin Department of Natural Resources and SEWRPC.
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Table 73

INDUSTRIAL WASTE DISCHARGE PERMITS ON FILE IN THE PIKE RIVER WATERSHED: 1979

Location

Civil Type of Pre-Treatment Receiving Permit
Permittee Address Division Discharge (if known) Stream Number

AMETEK/Lamb Electric 2745 Chicory Road CitY of Racine Cooling Water None Sorenson Creek WI-0001775-2
Division

J. I. Case Company 7000 Durand Avenue CitY of Racine Cooling Water None Pike River WI-0039691-2
S. C. Johnson & Son, Inc. 2512 Willow Road Village of Cooling Water None WaxdaJe Creek WI·0027758·2

Sturtevant Tributary to the
Pike River

Metal-Lab, Inc. 7316 Durand Avenue Village of Cooling Water None Unnamed Tributary WI·0041602-2
Sturtevant to Pike River

Rexnord, Inc. 7505 Highway 11 CitY of Racine Cooling Water None Pike River WI-0021997-2

Source: Wisconsin Department of Natural Resources and SEWRPC.

Table 74

MUNICIPAL WASTE DISCHARGE PERMITS IN THE PIKE RIVER WATERSHED: 1979

Type of Receiving Permit
Permittee Location Discharge Stream Number

Town of Somers Town of Somers Wastewater Somers WI·0022314-2
Utility District Treatment Tributary
NO.1 Plant Effluent (Branch)

Village of 2701 87th Street, Wastewater Pike River WI·0021652·2
Sturtevant Sturtevant Treatment

Plant Effluent

Source: Wisconsin Department of Natural Resources and SEWRPC.

Pollution Abatement Orders: In addition to the
inventory of effluent discharge permits, an inven
tory was made to determine if outstanding pollu
tion abatement orders in the Pike River water
shed existed. It was determined that only one such
order has been issued in the Pike River watershed,
which was issued to the Village of Sturtevant. How
ever, this order, as well as all previous pollution
abatement orders related to point source discharge,
is no longer enforced owing to the recent polltition
discharge elimination system permit structure.

Federal Water Regulatory Permits
The U. S. Department of the Army, Corps of
Engineers, requires permits for work or structures
in navigable waters of the U. S., waste outfalls in
navigable waters, the discharge of dredged or fill

materials into navigable waters, and the trans
portation of dredged material for the purpose of
dumping into ocean waters. Federal laws prohibit
such activities unless the activity is authorized by
a Department of the Army permit. It was deter
mined that no such permits have been issued in
the Pike River watershed. However, the inventory
of these permits did reveal the following three
projects which were reviewed by the Corps of
Engineers, but for which Department of the Army
permits were not required: 1) fills associated with
the replacement of two structures on CTH A cross
ing Pike Creek, proposed by the Kenosha County
Highway Department; 2) the Sturtevant-Mt. Plea
sant interceptor sewer crossings of the Pike River;
and 3) riprap implacement to facilitate storm sewer
outfall construction on the Pike River Canal.
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Floodland Regulation and
Flood Insurance Eligibility
In 1980 only one unit of government regulated
floodplains in the Pike River watershed. Racine
County, through its Shoreland-Floodland Zoning
Ordinance, regulates floodplains in the Pike River
watershed within the Town of Mt. Pleasant (see
Map 41). The floodplains being regulated by
Racine County were derived from the floodplain
information report prepared for the Pike River
watershed by the U. S. Soil Conservation Service.
While the Soil Conservation Service floodplain data
in other portions of the Pike River watershed are
available for floodplain zoning purposes, neither
the Village of Sturtevant, the City of Kenosha, nor
Kenosha County for the unincorporated area in the
Town of Somers have as yet taken steps to incor
porate this data within their zoning ordinances.
Kenosha County informally uses the data in work
ing with the landowners and developers in the
Town of Somers.

Only residents of the Villages of Elmwood Park
and Sturtevant are not at the present time eligible
to purchase subsidized flood insurance under the
federal flood insurance program. The Cities of
Kenosha and Racine and Kenosha and Racine
Counties on behalf of the Towns of Mt. Pleasant,
Somers, and Pleasant Prairie have all taken steps to
participate rormally in the flood insurance pro
gram. At the present time, federal flood insurance
studies, including the determination of floodplains
under existing conditions, are underway through
out the Pike River watershed. Map 42 identifies
the stream reaches that are being studied. under
this program.

Local Water-Related Regulatory Matters
An inventory was conducted under the Pike River
watershed study of other local ordinances relating
to water quality and water use. This inventory
indicated that the sanitary sewerage systems of the
Village of Sturtevant and Town of Somers Utility
District No.1, which discharge treated effluent to
the surface waters of the Pike River watershed,
prohibit the introduction of clear water from sump
pumps, roof drains, or other sources into the
sanitary sewerage system.

In addition, the inventory indicated the existence
of regulations relative to water-related recreational
activities. Under Section 30.77 of the Wisconsin
Statutes, any town, village, or city may adopt local
boating regulations not inconsistent with specified
uniform statewide regulations set forth in Sections
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30.50 through 30.71 of the Wisconsin Statutes.
Such local supplementary boating regulations may
pertain to the equipment, use, and operation of
a boat on a navigable body of water, including
rivers and streams. Such regulations must also be
found to be in the interest of public health, safety,
or welfare. Locally adopted boating regulations
exist for both Petrifying Springs Park and Carthage
College, and in both cases prohibit the launching
or landing of any boat within the respective real
property boundaries.

SUMMARY

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
planning in the Pike River watershed· include
the following:

Water law is not a simple or fixed body of law. It
has historical roots which reach back beyond the
common law. Three principal divisions of water
law may be identified: riparian and public rights
law, groundwater law, and diffuse surface water
law. Riparian and public rights law applies to the
use of surface water occurring. in natural rivers,
streams, lakes, and ponds. Groundwater law applies
to the use of water occurring in the saturated zone
below the water table. Diffuse surface water law
applies to water draining over the surface of the
land. The field of water law has never been in
a greater or more continuous state of change
than it is in today. In 1974 alone, the Wisconsin
Supreme Court in landmark cases expressly over
ruled the historic common law doctrine with
respect to both groundwater law and diffuse sur
face water law, finding that the historic doctrines
no longer applied to modern water resource prob
lems and conflicts.

With passage of the Federal Water Pollution Con
trol Act amendments of 1972, the U. S. Congress
set in motion a series of actions which will have
many ramifications for water quality management
within the Region and the Pike River watershed.
Water use objectives and supporting water quality
standards now are required for all navigable waters
in the United States. It is a national goal to elimi
nate the discharge of pollutants into the navigable
waters of the United States by 1985. To meet this
goal, the Act requires the enactment of specific
effluent limitations for all point sources of water



Map 41

FLOODLAND DELINEATIONS AND FLOODLAND REGULATION IN THE PIKE RIVER WATERSHED: 1980
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Map 42

STREAM REACHES STUDIED UNDER THE FEDERAL FLOOD INSURANCE PROGRAM IN THE PIKE RIVER WATERSHED
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pollution. The Act also establishes a pollutant dis
charge permit system. Under such a system, per
mits are issued for the discharge of any pollutants
with the stipulation that the discharge must meet
all applicable effluent limitations and contribute
toward achieving the water use objectives and
supporting water quality standards.

Responsibility for water quality management in
Wisconsin is centered in the Wisconsin Department
of Natural Resources. The Department is given
authority to prepare long-range water resources
plans and to establish water use objectives and
supporting water quality standards applicable to
all waters of the State, to establish a pollutant
discharge permit system, and to issue pollution
abatement orders. New water use objectives and
supporting water quality standards applicable to
all perennial streams of the Pike River watershed
were adopted by the Wisconsin Natural Resources
Board in 1973 and revised in 1976. These include
the following five categories: salmon fishery and
aquatic life, recreational use, and minimum stan
dards; warmwater fishery and aquatic life, recrea
tional use, and minimum standards; limited fishery
and aquatic life, recreational use, and minimum
standards; marginal aquatic life, recreational use,
and minimum standards; and restricted recreational
use and minimum standards. The Commission
adopted regional water quality management plan
includes upgrading the water use objectives in the
Pike River watershed to only the two following
categories: 1) salmon spawning fishery and aquatic
life, recreational use, and minimum standards; and

2) warmwater fishery and aquatic life, recreational
use, and minimum standards.

In addition to the broad grant of authority to
general-purpose units of local government to regu
late in the interests of health, safety, and welfare,
Wisconsin Statutes currently provide for the crea
tion of five types of special-purpose units of
government through which water pollution can
be abated and water quality protected. These five
types are metropolitan sewerage districts, utility
districts, sanitary districts, joint sewerage systems,
and cooperative action by contract. Three utility
districts and one sanitary district have been estab
lished in the Pike River watershed. No metro
politan sewerage districts or joint sewerage systems
had been created in the watershed as of 1979.

Inventories were conducted in the Pike River
watershed with respect to state water regulatory
permits, state water pollution abatement orders
and permits, federal water regulatory permits,
floodland regulation, flood insurance eligibility,
and local water-related regulatory matters. A total
of 20 state water regulatory permits were issued in
the watershed under Chapters 30 and 144 of the
Wisconsin Statutes. A total of seven state effluent
discharge permits had been issued in the watershed,
of which a total of five were industrial waste dis
charge permits. At the present time Racine County
is the only unit of government that regulates flood
plains in the Pike River watershed. The Cities of
Kenosha and Racine and Kenosha and Racine
Counties have all taken steps to participate for
mally in the federal flood insurance program.
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Chapter X

WATERSHED DEVELOPMENT OBJECTIVES, PRINCIPLES, AND STANDARDS

INTRODUCTION

As noted in Chapter II of this report, the formula
tion of watershed development objectives and
supporting standards is the second step in the
SEWRPC seven-step watershed planning process.
Soundly conceived watershed development objec
tives should incorporate the knowledge of many
people who are informed not only about the
watershed, but about the Region of which the
watershed is an integral part. To the maximum
extent possible, such objectives should be estab
lished by duly elected or appointed public officials
legally assigned this task, assisted as necessary not
only by planners and engineers but by interested
and concerned citizen leaders as well. This is par
ticularly important because of the value judgments
inherent in any set of development objectives.

The active participation of duly elected public
officials and citizen leaders in the overall regional
planning program is implicit in the composition
of the Southeastern Wisconsin Regional Planning
Commission itself. Moreover, the Commission very
e~ly in its existence recognized the need to pro
VIde an even broader opPQrtunity for the active
participation of elected and appointed public
officials, technicians, and citizens in the regional
planning process. To meet this need the Commis
sion established advisory committees to assist the
Commission and its staff in the conduct of the
regional planning program. One of these com
mittees is the Pike River Watershed Committee, the
composition of which was described in Chapter I.
One of the important functions of this Committee
is to assist in the formulation of a set of watershed
development objectives and standards which can
provide a sound basis for watershed plan design,
test, and evaluation.

This chapter sets forth the set of .watersheddevel
opment objectives and supporting principles and
standards approved by the Committee. Some of
these objectives, principles, and standards were
originally adopted by the Commission under
related regional planning programs but were
d.eemed relevant to formulation of a comprehen
SIve plan for the Pike River watershed. Others were

formulated specifically as a basis for the prepara
tion of the watershed plan.

In addition to presenting watershed development
objectives, principles, and standards, this chapter
discusses certain engineering design criteria and
analytic procedures used in the watershed study to
design alternative plan subelements, test the phy
sical feasibility of those subelements, and make
necessary economic comparisions between such
subelements. The description of these criteria and
procedures in this chapter is intended to document
the level of detail entailed in the watershed plan
preparation and thereby provide a better under
standing, by all concerned, of the plan itself as
well as of the need for refinement of some aspects
of that plan prior to implementation. While the
design criteria and analytic procedures as described
herein were used in the preparation of the water
shed plan, these criteria and procedures do not
comprise standards as defined and discussed in this
chapter. These criteria and procedures relate to
the technical methods used in the inventory and
analyses phases of the watershed study and in the
plan design, test, and evaluation.

BASIC CONCEPTS AND DEFINITIONS

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

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

2. Principle: a fundamental, primary, or gener
ally accepted tenet used to support objec
tives and prepare standards and plans.

3. Standard: a criterion used as a basis of com
parison to determine the adequacy of plan
proposals to attain objectives.

4. Plan: a design which seeks to achieve the
agreed-upon objectives.
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5. Policy: a rule or course of action used to
ensure plan implementation.

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

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

WATERSHED DEVELOPMENT OBJECTIVES

In order to be useful in the watershed planning
process, objectives must not only be logically
sound and related in a demonstrable and measur
able way to alternative physical development
proposals, but must also be consistent with, and
grow out of, regionwide development objectives.
This is essential if the watershed plans are to
comprise integral elements of a comprehensive
plan for the physical development of the Region,
and if sound coordination of regional and water
shed development is to be achieved.

The Southeastern Wisconsin Regional Planning
Commission has, in its planning efforts to date,
adopted, after careful review and recommendation
by various advisory and coordinating committees,
a number of regional development objectives
relating to land use, housing, transportation, water
quality management, flood control, and recreation
and open space preservation. These objectives,
together with their supporting principles and
standards, are set forth in previous Commission
planning reports. Certain of these objectives and
supporting standards are directly applicable to
the Pike River watershed planning effort, and are
hereby recommended for adoption as development
objectives for the Pike River watershed.

Land Use Development Objectives
All of the eight specific regional land use develop
ment objectives adopted by the Commission under
its regional land use planning program are directly
applicable to the Pike River watershed planning
effort. These are:

1. A balanced allocation of space to the vari
ous land use categories which meets the
social, physical, and economic needs of the
regional population.
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2. A spatial distribution of the various land
uses which will result in a compatible
arrangement of land uses.

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

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

5. The development and conservation of resi
dential areas within a physical environ
ment that is healthy, safe, convenient,
and attractive.

6. The preservation, development, and redevel
opment of a variety of suitable industrial
and commerical sites both in terms of phy
sical characteristics and location.

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

8. The preservation of land areas for agricul
tural uses to provide for certain special types
of agriculture, provide a reserve or holding
zone for future needs, and ensure the preser
vation of those areas which provide wildlife
habitat and which are essential to the shape
and order of urban development.

Sanitary Sewerage System and Water
Quality Management Planning Objectives
All of the five specific water quality management
objectives adopted by the Commission under its
regional water quality management planning effort
are directly applicable to the Pike River watershed
planning effort. These are:

1. The development of land management and
water quality control practices and facili-



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

2. The development of land management and
water quality control practices and facilities
inclusive of sanitary sewerage systems-so as
to meet the recommended water use objec
tives and supporting water quality standards
as set forth on Map 43 and in Table 80.

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

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

5. The development of water quality manage
ment systems-inclusive of the governmental
units and their responsibilities, authorities,
policies, procedures, and resources-and sup
porting revenue-raising mechanisms which
are effective and locally acceptable, and
which will provide a sound institutional basis
for plan implementation including the plan
ning, design, construction, operation, main
tenance, repair, and replacement of water
quality control practices and facilities, inclu
sive of sanitary sewerage systems, storm
water management systems, and land man
agement practices.

Park and Open Space Objectives
Three of the seven specific park and open space
objectives adopted by the Commission under its
regional park and open space planning program are
directly applicable to the Pike River watershed
planning effort. 1 These are:

1. The provision of an integrated system of
public general use outdoor recreation sites
and related open space areas which will
allow the resident population of the Region
adequate opportunity to participate in a
wide range of outdoor recreation activities.

2. The preservation of sufficient high-quality
open space lands for the protection of the
underlying and sustaining natural resource
base and the enhancement of the social and
economic well being and environmental
quality of the Region.

3. The efficient and economical satisfaction of
outdoor recreation and related open space
needs meeting all other objectives at the
lowest possible cost.

Water Control Facility Development Objectives
Two of the four specific water control facility
development objectives adopted by the Commis-

1 The other four specific park and open space
objectives are: 1) the provision of sufficient out
door recreation facilities to allow the resident
population of the Region adequate opportunity to
participate in intensive nonresource-oriented out
door recreation activities; 2) the provision of suf
ficient outdoor recreation facilities to allow the
resident population of the Region adequate oppor
tunity to participate in intensive resource-oriented
outdoor recreation activities; 3) the provision of
sufficient outdoor recreation facilities to allow the
resident population of the Region adequate oppor
tunity to participate in extensive land-based out
door recreation activities; and 4) the provision of
opportunities for participation by the resident
population of the Region in extensive waterbased
outdoor recreation activities on the major inland
lakes and rivers and on Lake Michigan, as consis
tent with safe and enjoyable lake use and mainte
nance of good water quality. While these recreation
facility-oriented park objectives are applicable to
the watershed planning program, they should be
applied at the local level as a joint effort by county,
school districts, and local community recrea
tion agencies.
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Map 43

PRELIMINARY RECOMMENDED WATER USE OBJECTIVES
FOR SURFACE WATERS IN THE PIKE RIVER WATERSHED: 2000
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Under the regional water quality management planning
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feasibility of achieving a level of water quality that
would make all surface waters "fishable and swim
mable" as envisioned by the U. S. Congress in Public
Law 92-500. The results of these preliminary analyses
indicated that all of the streams analyzed in the Pike
River watershed could be brought to "fishable and
swimmable" standards.
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sion under its other comprehensive watershed
planning programs are also applicable to the Pike
River watershed planning effort? These are:

1. An integrated system of drainage and flood
control facilities and floodland manage
ment programs which will effectively reduce
flood damage under the existing land use
pattern of the watershed and promote the
implementation of the watershed land use
plan, meeting the anticipated runoff load
ings generated by the existing and proposed
land uses.

2. An integrated system of land management
and water quality control facilities and pol
lution abatement devices adequate to ensure
the quality of surface water necessary to
meet the established water use objectives
and supporting water quality standards.

Principles and Standards
Complementing each of the foregoing specific land
use, sanitary sewerage system and water quality
management, park and open space, and water con
trol facility development objectives is a planning
principle which supports the objective and asserts
its inherent validity, and a set of quantifiable plan
ning standards which can be used to evaluate the
relative or absolute ability of alternative plan
designs to meet the stated development objective.
These principles and standards, as they apply to
watershed planning and development, are set forth
in Tables 75, 76, 77, and 78 and serve to facilitate
quantitative application of the objectives during
plan design, test, and evaluation.

2 The other two specific water control facility
development objectives are: l)an integrated system
of land management and water quality control
facilities and pollution abatement devices adequate
to ensure a quality of lake water necessary to
achieve established water use objectives; and 2) the
attainment of sound groundwater resource devel
opment and protective practices to minimize the
possibility for pollution and depletion of the
groundwater resources. The inland lake-oriented
water control facility objective is not applicable to
the Pike River watershed planning program since
there are no major lakes in the watershed. The
groundwater-oriented objective is not applicable
to the Pike River watershed planning program since
the study prospectus did not identify groundwater
quantity or quality as being significant existing or
potential problems in this watershed.

With respect to water use objectives, the Wisconsin
Department of Natural Resources currently classi
fies selected portions of the Pike River watershed
stream system for limited fishery and aquatic life,
recreational use and minimum standards; marginal
aquatic life, recreational use and minimum stan
dards; restricted recreational use and minimum
standards; warmwater fishery and aquatic life, rec
reational use and minimum standards; and salmon
spawning fishery and aquatic life, recreational
use, and minimum standards. These currently
adopted water use objectives and the supporting
standards are set forth on Map 40 and in Table 71
in Chapter IX-entitled "Water Law"-of this
report. Table 79 sets forth a comparison of these
water use objectives as adopted by the Wisconsin
Natural Resources Board, in 1976, to the recom
mended water use objectives as set forth in Chap
ter II, "Water Quality Management Objectives,
Principles, and Standards" of Volume Two, Alter
native Plans, of SEWRPC Planning ReportN~
A Regional Water Quality Management Plan for
Southeastern Wisconsin: 2000. Under the SEWRPC
recommended water use objectives, all parts of the
perennial stream system of the Pike River water
shed are designated to support warmwater fishery
and aquatic life, recreational use, and minimum
standards. In addition, the mouth of the Pike River
at its discharge to Lake Michigan is recommended
to support water use for salmon fishery and other
aquatic life, recreational use, and minimum stan
dards. The water quality standards supporting
these recommended water use objectives are set
forth in Table 80. These recommendations are in
conformance with the national water use objectives
cited in Public Law 92-500, which call for the
attainment wherever possible of water quality
which is sufficient to support the protection and
propagation of fish, shellfish, and other wildlife,
and for the support of human recreation in and
on the waters. Analyses conducted in pevelopment
of the adopted regional water quality management
plan indicate that the attainment of these full
fishable-swimmable water use objectives and the
supporting water quality standards is feasible and
realistic, if all of the water pollution sources in the
Pike River watershed are properly abated.

It should be noted that the planning standards
herein recommended for adoption fall into two
groups: comparative and absolute. The compara
tive standards, by their very nature, can be applied
only through a comparison of alternative plan
proposals. Absolute standards can be applied
individually to each alternative plan proposal since
they are expressed in terms of maximum, mini-
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Table 75

LAND USE DEVELOPMENT OBJECTIVES, PRINCIPLES, AND STANDARDS FOR THE PIKE RIVER WATERSHED

OBJECTIVE NO.1

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

PRINCIPLE

The planned supply of land set aside for any given use should approximate the known and anticipated demand for that use.

STANDARDS

1. For each additional 100 dwelling units to be accommodated within the Region at each residential density, the following minimum amounts
of residential land should be set aside:

Net Areaa
*

Gross Areab
*

No. Residential Density Category (Acres/100 Dwelling Units) (Acres/100 Dwelling Units)

1a High-Density Urbanc ....... 8 13
1b Medium-Density Urbanc ..... 23 32
1c Low-Density Urbanc ....... 83 109
1d SUburband .............. 167 204
1e Rurald................. 500 ')88

*NOTE: In order to convert dwelling units to resident population, anticipated year 2000 persons-per-dwelling-unit averages were used. These
averages range from a minimum of 2.6 persons per dwelling unit in Milwaukee County to a maximum of 3.5 persons per dwelling
unit in Ozaukee and Washington Counties with an anticipated average of 2.9 persons per dwelling unit for the Region as a whole in
2000. According to the 1970 federal census, the average number of persons per dwelling unit ranged from a minimum of 3.0 persons
per dwelling unit in Milwaukee County to a maximum of 3.7 persons per dwelling unit in Ozaukee and Waukesha Counties with an
average of 3.2 persons per dwelling unit for the Region as a whole. In 1"175, it is estimated that the average number of persons per
dwelling unit ranged from a minimum of 2.8 persons per dwelling unit in Milwaukee County to a maximum of 3.6 persons per dwell
ing unit in Ozaukee and Waukesha Counties with an average of 3.0 persons per dwelling unit for the Region as a whole.

2. For each additional 1,000 persons to be accommodated within the Region, the following minimum amounts of public park and recreation
land should be set aside:

Public Park and Net Areaa Gross Areaf

No. Recreation Land Categorye (Acres/1 ,000 Persons) (Acres/1,000 Persons)

2a Major ................. 4 5
2b Other ................. 8 9

3. For each additional 100 industrial employees to be accommodated within the Region, the following minimum amounts of industrial land
should be set aside:

Net Areaa Gross Areag

No. Industrial Land Category (Acres/100 Employees) (Acres/100 Employees)

3a Major and Other .......... 7 9

4. For each additional 100 commercial employees to be accommodated within the Region, the following minimum amounts of commercial
land should be set aside:

Net Areaa Gross Areag

No. Commercial Land Category (Acres/100 Employees) (Acres/100 Employees)

4a Major ...............•. 1 3
4b Other .............•... 2 6
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5. For each additional 1,000 persons to be accommodated within the Region, the following minimum amounts of governmental and institu
tional land should be set aside:

Governmental and Net Areaa Gross Areah

No. Institutional Land Category (Acres/l,OOO Persons) (Acres/l,OOO Persons)

5a Major and Other .......... 9 12

OBJECTIVE NO.2

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

PRINCIPLE

The proper allocation of uses to land can avoid or minimize hazards and dangers to health, safety, and welfare and maximize amenity and
convenience in terms of accessibility to supporting land uses.

STANDARDS

1. Urban high-, medium-, and low-density residential uses should be located within planning units which are served with centralized public
sanitary sewerage and water supply facilities and contain, within a reasonable walking distance, necessary supporting local service uses, such
as neighborhood park, local commercial, and elementary school facilities, and should have reasonable access through the appropriate com
ponent of the transportation system to employment, commercial, cultural, and governmental centers and secondary school and higher educa
tional facilities.

2. Rural and suburban density residential uses should have reasonable access through the appropriate component of the transportation system
to local service uses; employment, commercial, cultural, and governmental centers; and secondary school and higher educational facilities.

3. Industrial uses should be located to have direct access to arterial street and highway facilities and reasonable access through an appropriate
component of the transportation system to residential areas and to railway, seaport, and airport facilities and should not be intermixed with
commercial, residential, governmental, recreational, or institutional land uses.

4. Regional .commercial uses should be located in centers of concentrated activity on only one side of an arterial street and should be afforded
direct access I to the arterial street system.

OBJECTIVE NO.3

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

PRINCIPLE

The proper allocation of uses to land can assist in maintaining an ecological balance between the activities of man and the natural environment
which supports him.

1. Soils

Principle

The proper relation of urban and rural land use development to soils type and distribution can serve to avoid many environmental problems, aid
in the establishment of better regional settlement patterns, and promote the wise use of an irreplaceable resource.

STANDARDS

la. Sewered urban development, particularly for residential use, should not be located in areas covered by soils identified in the regional
detailed operational soil survey as having severe or very severe limitations for such development.

1b. Unsewered suburban residential development should not be located in areas covered by soils identified in the regional detailed operational
soil survey as having severe or very severe limitations for such development.

lc. Rural development, including agricultural and rural residential development, should not be located in areas covered by soils identified in
the regional detailed operational soil survey as having severe or very severe limitations for such development.

2. Inland Lakes and Streams
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Principle

Inland lakes and streams contribute to the atmospheric water supply through evaporation; provide a suitable environment for desirable and
sometimes unique plant and animal life; provide the population with opportunities for certain scientific, cultural, and educational pursuits;
constitute prime recreational areas; provide a desirable aesthetic setting for certain tYpes of land use development; serve to store and convey
flood waters; and provide certain water withdrawal requirements.

STANDARDS

2a (1). A minimum of 25 percent of the perimeter or shoreline frontage of lakes having a surface area in excess of 50 acres should be main
tained in a natural state.

2a (2). Not more than 50 percent of the length of the shoreline of inland lakes having a surface area in excess of 50 acres should be allocated
to urban development, except for park and outdoor recreational uses.

2a (3). A minimum of 10 percent of the shoreline of each inland lake having a surface area in excess of 50 acres should be maintained for public
uses, such as a beach area, pleasure craft marina, or park.

2b (1). It is desirable that 25 percent of the shorel ine of each inland lake having a surface area less than 50 acres be maintained in either a natu
ral state or some low-intensity public use, such as park land.

2c (1). A minimum of 25 percent of both banks of all perennial streams should be maintained in a natural state.

2c (2). Not more than 50 percent of the length of perennial streams should be allocated to urban development, except for park and outdoor
recreational uses.

2d. Floodlandsi should not be allocated to any urban developmentk which would cause or be subject to flood damage.

2e. No unauthorized structure or fill should be allowed to encroach upon and obstruct the flow of water in the perennial stream channels' and
floodways.m

3. Wetlands

Principle

Wetlands support a wide variety of desirable and sometimes unique plant and animal life; assist in the stabilization of lake levels and stream
flows; trap and store plant nutrients in runoff, thus reducing the rate of enrichment of surface waters and obnoxious weed and algae growth;
contribute to the atmospheric oxygen supply; contribute to the atmospheric water supply; reduce storm water runoff by providing area for
floodwater impoundment and storage; trap soil particles suspended in runoff and thus reduce stream sedimentation; and provide the population
with opportunities for certain scientific, educational, and recreational pursuits.

STANDARD

3a. All wetland areasn adjacent to streams or lakes, all wetlands within areas having special wildlife and other natural values, and all wetlands
having an area in excess of 50 acres should not be allocated to any urban development except limited recreation and should not be drained or
filled. Adjacent surrounding areas should be kept in open space use, such as agriculture or limited recreation.

4. Woodlandso

Principle

Woodlands assist in maintaining unique natural relationships between plants and animals; reduce storm water runoff; contribute to the atmos
pheric oxygen supply; contribute to the atmospheric water supply through transpiration; aid in reducing soil erosion and stream sedimentation;
provide the resource base for the forest product industries; provide the population with opportunities for certain scientific, educational, and
recreational pursuits; and provide a desirable aesthetic setting for certain types of land use development.

STANDARDS

4a. A minimum of 10 percent of the land area of each watershedP within the Region should be devoted to woodlands.

4b. For demonstration and educational purposes, the woodland cover within each countY should include a minimum of 40 acres devoted to
each major forest tYpe: oak-hickory, northern hardwood, pine, and lowland forest. In addition, remaining examples of the native forest vegeta
tion tYpes representative of the presettlement vegetation should be maintained in a natural condition and be made available for research and
educational use.
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4c. A minimum regional aggregate of five acres of woodland per 1,000 population should be maintained for recreational pursuits.

5. Wildlifeq

Principle

Wildlife, when provided with a suitable habitat, will supply the population with opportunities for certain scientific, educational, and recrea
tional pursuits; comprises an integral component of the life systems which are vital to beneficial natural processes, including the control of
harmful insects and other noxious pests and the promotion of plant pollination; provides a food source; offers an economic resource for the
recreation industries; and serves as an indicator of environmental health.

STANDARD

5a. The most suitable habitat for wildlife-that is, the area wherein fish and game can best be fed, sheltered, and reproduced-is a natural habitat.
Since the natural habitat for fish and game can best be achieved by preserving or maintaining in a wholesome state other resources such as soil,
air, water, wetlands, and woodlands, the standards for each of these other resources, if met, would ensure the preservation of a suitable wildlife
habitat and population.

OBJECTIVE NO.4

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

PRINCIPLE

The transportation and public utility facilities and the land use pattern which these facilities serve and support are mutually interdependent
in that the land use pattern determines the demand for, and loadings upon, transportation and utility facilities; and these facilities, in turn,
are essential to, and form a basic framework for, land use development.

STANDARDS

1. Urban development should be located so as to maximize the use of existing transportation and utility systems.

2. The transportation system should be located and designed to provide access not only to all land presently devoted to urban development
but to land proposed to be used for such urban development.

3. All land developed or proposed to be developed for urban medium-, high-, and low-density residential use should be located in areas service
able by an existing or proposed public sanitary sewerage system and preferably within the gravity drainage area tributary to such a system.

4. All land developed or proposed to be developed for urban medium-, high-, and low-density residential use should be located in areas service
able by an existing or proposed public water supply system.

5. All land developed or proposed to be developed for urban medium- and high-density residential use should be located in areas serviceable by
existing or proposed primary, secondary, and tertiary mass transit facilities.

6. The transportation system should be located and designed to minimize the penetration of existing and proposed residential neighborhood
units by through traffic.

7. ~ransportation terminal facilities, such as off-street parking, off-street truck loading, and mass transit loading facilities, should be located
in close proximity to the principal land uses to which they are accessory.

OBJECTIVE NO.5

The development and conservation of residential areas within a physical environment that is healthy, safe, convenient, and attractive.

PRINCIPLE

Residential areas developed in designed neighborhood units can assist in stabilizing community property values, preserving residential amenities,
and promoting efficiency in the provision of public and community service facilities; can best provide a desirable environment for family life;
and can supply the population with improved levels of safety and convenience.
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STANDARDS

1. Urban high-, medium-, and low-density residential development should be located in neighborhood units which are physically self·contained
within clearly defined and relatively permanent isolating boundaries, such as arterial streets and highways, major park and open space reserva·
tions. or significant natural features such as rivers, streams, or hills.

2. Urban residential neighborhood units should contain enough area to provide: housing for the population served by one elementary school
and one neighborhood park; an internal street system which discourages penetration of the unit by through traffic; and all of the community
and commercial facilities necessary to meet the day-to-day living requirements of the family within the immediate vicinity of its dwelling unit.

3. Suburban and rural density residential development should be located in areas where onsite soil absorption sewage disposal systems and
private wells can be accommodated and access to other services and facilities can be provided through appropriate components of the transpor
tation system at the community or regional level, thereby properly relating such development to a rural environment.

To meet the foregoing standards,land should be allocated in each urban and rural development category as follows:

Percent of Area in Land Development Category

Urban Urban Urban Suburban Rural
High-Density Medium-Density Low-Density Density Density Agricultural

(7.0 -17.9 (2.3 ·6.9 10.7·2.2 (0.2-0.6 (0.1 -0.2 1<0.2
Dwelling Dwelling Dwelling Dwelling Dwelling Dwelling
Units/Net Units/Net Units/Net Units/Net Units/Net Units/Net

Land Use Category Residential Acre) Residential Acre) Residential Acre) Residential Acre) Residential Acre) Residential Acre)

Residential ......... 66.0 71.0 76.5 82.0 85.0 6.0
Streets and Utilities .... 25.0 23.0 20.0 18.0 15.0 4.0
ParkS and Playgrounds .. 3.5 2.5 1.5' - .- --
Public Elementary
Schools .......... 2.5 1.5 0.5 -- -- --

Other Governmental
and Institutional ..... 1.5 1.0 1.0 -- _. --

Retail and Service ..... 1.5 1.0 OS - -- --
Nonurban ........ . -. - _. -- -. 90.0

Total 100.0 100.0 100.0 100.0 100.0 100.0

OBJECTIVE NO.6

The preservation, development, and redevelopment of a variety of suitable industrial and commercial sites both in terms of physical characteris
tics and location.

PRINCIPLE

The production and sale of goods and services are among the principal determinants of the level of economic vitality in any societY, and the
important activities related to these functions require areas and locations suitable to their purpose.

STANDARDS

1. Regional industrial development should be located in planned industrial districts which meet the following standards:

a. Minimum gross site area of 320 acres or a minimum employment of 3,500 persons.

b. Direct access to the arterial street and highway system and access within two miles to the freeway system.

c. Direct access to railroad facilities.

d. Direct access to primary, secondary. and tertiary mass transit service.

e. Access to a basic transport airport within a maximum travel time of 30 minutes and access to seaport facilities within a maximum travel
time of 60 minutes.

f. Available adequate water supply.

g. Available adequate public sanitary sewer service.
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h. Available adequate storm water drainage facilities.

i. Available adequate power supply.

j. Site should be covered by soils identified in the regional soils survey as having very slight, slight, or moderate limitations for industrial
development.

2. Regional commercial development, which would include activities primarily associated with the sale of shopper's goods, should be concen
trated in regional commercial centers which meet the following minimum standards:

a. Accessibility to a population of between 75,000 and 150,000 persons located within either a 20-minute one-way travel period or
a 10-mile radius.

b. A minimum gross site area of 60 acres.

c. At least two general sales and service department stores offering a full range of commodities and price levels.

d. Direct access to the arterial street system.

e. Direct access to the primary, secondary, and tertiary mass transit service.

f. Available adequate water supply.

g. Available adequate sanitary sewer service.

h. Available adequate storm water drainage facilities.

i. Available adequate power supply.

j. The site should be covered by soils identified in the regional soils survey as having very slight, slight, or moderate limitations for com
mercial development.

In addition to the above minimum standards, the following site development standards are desirable:

k. Provision of off-street parking for at least 5,000 cars.

I. Provision of adequate off-street loading facilities.

m. Provision of well-located points of ingress and egress which are controlled to prevent traffic congestion on adjacent arterial streets.

n. Provision of adequate screening to serve as a buffer between the commercial use and adjacent noncommercial uses.

o. Provision of adequate building setbacks from major streets.

3. Local industrial development should be located in planned industrial districts which meet the following standards:

a. Direct access to the arterial street and highway system.

b. Direct access to mass transit facilities.

c. Available adequate water supply.

d. Available adequate public sanitary sewer service.

e. Available adequate storm water drainage facilities.

f. Available adequate power supply.

g. Site should be covered by soils identified in the regional soils survey as having very slight, slight, or moderate limitations for industrial
development.

4. Local commercial development, which includes activities primarily associated with the sale of convenience goods and services, should be
contained within the residential planning units, the total area devoted to the commercial use varying with the residential density:
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a. In urban low-density areas, land devoted to local commercial centers should comprise at least 0.5 percent of the total gross neighborhood
area, or about 3.2 acres per square mile of gross neighborhood area.

b. In urban medium-density areas, land devoted to local commercial centers should comprise at least 1.0 percent of the total gross neighbor
hood area, or about 6.4 acres per square mile of gross neighborhood area.

c. In urban high-density areas, land devoted to local commercial centers should comprise at least 1.5 percent of the total gross neighborhood
area, or about 9.6 acres per square mile of gross neighborhood area.

OBJECTIVE NO.7

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

PRINCIPLE

Open space is the fundamental element required for the preservation, wise use, and development of such natural resources as soil, water, wood
lands, wetlands, native vegetation, and wildlife; it provides the opportunity to add to the physical, intellectual, and spirtual growth of the
population; it enhances the economic and aesthetic value of certain types of development; and it is essential to outdoor recreational pursuits.

STANDARDSs

1. Major or regional park and recreation sites should be provided within a 10-mile service radius of every dwelling unit in the Region and
should have a minimum gross site area of 250 acres.

2. Local park and recreation sites should be provided within a maximum service radius of one mile of every dwelling unit in an urban area and
should have a minimum gross site area of 5 acres.

3. Areas having unique scientific, cultural, scenic, or educational value should not be al.located to any urban or agricultural land uses; and
adjacent surrounding areas should be retained in open space use, such as agriculture or limited recreation.

OBJECTIVE NO.8

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

PRINCIPLE

Agricultural areas, in addition to providing food and fiber, can supply significant wildlife habitat; contribute to maintaining an ecological
balance between plants and animals; offer locations proximal to urban centers for the production of certain food commodities which may
require nearby population concentrations for an efficient production-distribution relationship; support the agricultural and agricultural-related
economy of the Region; and provide open spaces which give form and structure to urban development.

STANDARDS

1. All prime agricultural areast should be preserved.

2. All agricultural lands surrounding adjacent high-value scientific, educational, or recreational resources should be preserved.

In addition to the above, attempts should be made to preserve agricultural areas which are covered by soils rated in the regional detailed opera
tional soil survey as having moderate limitations if these soils: a) generally occur in concentrations greater than five square miles and surround
or lie adjacent to areas which qualify under either of the above standards, or bl occur in areas which may be designated as desirable open spaces
for shaping urban development.

a Net land use area is defined as the actual site area devoted to a given use, and consists of the ground floor site area occupied by any buildings
plus the required yards and open spaces.
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b Gross residential land use area is defined as the net area devoted to this use plus the area devoted to all supporting land uses, including streets,
neighborhood parks and playgrounds, elementary schools, and neighborhood institutional and commercial uses, but not including freeways
and expressways and other community and areawide uses.

c Areas served, proposed to be served, or required to be served by public sanitary sewerage and water supply facilities require neighborhood
facilities.

d Areas not served, not proposed to be served, nor required to be served by public sanitary sewerage and water supply facilities do not require
neighborhood facilities.

e These categories do not include large open space areas not developed for activ~ recreation use or school playgrounds.

f Gross public park and recreation area is defined as the net area devoted to active or intensive recreation use plus the adjacent "backup" lands
and lands devoted to other supporting land uses such as roads and parking areas.

g Gross commercial and industrial area is defined as the net area devoted to commercial and industrial uses plus the area devoted to supporting
land uses, inclUding streets and off-street parking.

h Gross governmental and institutional area is defined as the net area devoted to governmental and institutional uses plus the area devoted to
supporting land uses, including streets and onsite parking.

i Direct access implies adjacency or immediate proximity.

j Floodlands are herein defined as those lands inundated by a flood having a recurrence interval of tOO years where hydrologic and hydraulic
engineering data are available, and as those lands inundated by the maximum flood of record where such dam are not available.

k Urban development, as used herein, refers to all land uses except agriculture, water, woodlands, wetlands, open lands, and quarries.

I A stream channel is herein defined as that area of the floodplain lying either within legally established bulkhead lines or within sharp and
pronounced banks marked by an identifiable change in flora and normally occupied by the stream under average annual high-flow conditions.

m Floodway lands are herein defined as those designated portions of the floodlands that will safely convey the tOO-year recurrence interval
flood discharge with small, accepmble upstream and downstream stage increases.

n Wetland areas, as used herein, are defined as those lands which are partially covered by marshland flora and generally covered with shallow
standing water, open lands intermittently covered with water, or lands which are wet and spongy due to a high water table or character of
the soil and encompassing an area ofone acre or more.

o The term woodland, as used herein, is defined as a dense, concentrated smnd of trees and underbrush encompassing an area of one acre
or more.

PA watershed, as used herein, is defined as a portion of the surface of the earth occupied by a surface drainage system discharging all surface
water runoff to a common outlet and an area 25 square miles or larger in size.

q Includes all fish and game.

r Open space is defined as land or water areas which are generally undeveloped for urban residential, commercial, or industrial uses and are or
can be considered relatively permanent in character. It includes areas devoted to park and recreation uses and to large land-consuming institu
tional uses, as well as areas devoted to agricultural use and to resource conservation, whether publicly or privately owned.

s It was deemed impractical to establish spatial distribution standards for open space, per se. Open spaces which are not included in the spatial
distribution standards are: forest preserves and arboreta; major river valleys; lakes; zoological and botanical gardens; smdia; woodland, wet
land, and wildlife areas; scientific areas; and agricultural lands whose location must be related to, and determined by, the natural resource
base. It is intended that the park and open space standards set forth herein be supplemented by the more detailed park and open space smn
dards set forth in SEWRPC Planning Report No. 27, A Regional Park and Open Space Plan for Southeastern Wisconsin.

t Prime agricultural areas are defined as those areas which have been designated as exceptionally good for agricultural production by agricultural
specialists and which a) contain soils rated in the regional detailed operationai soil survey as very good or good for agriculture and b) occur in
concentrated areas over five square miles in extent.

Source: SEWRPC.
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Table 76

WATER QUALITY MANAGEMENT OBJECTIVES, PRINCIPLES, AND STANDARDS FOR THE PIKE RIVER WATERSHED

OBJECTIVE NO.1

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

PRINCIPLE

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

STANDARDS

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

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

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

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

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

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

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

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

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

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

11. Rural land management practices will be given priority in areas which are designated as prime agricultural lands to be preserved in long
term use for the production of food and fiber.
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OBJECTIVE NO.2

The development of land management and water quality control practices and facilities-inclusive of sanitary sewerage systems-so as to meet
the recommended water use objectives and supporting water quality standards as set forth on Map 43 and in Table 80.

PRINCIPLE

Sewage treatment plant effluent, industrial wastewater discharges, and rural and urban runoff are major contributors of pollutants to the
streams and lakes of the Region; the location, design, construction, operation, and maintenance of sewage treatment plants, industrial waste

water outfalls, and storm water management facilities and the quality and quantity of the wastewater from such facilities has a major effect on
stream and lake water quality and the ability of that water to support the established water uses.

STANDARDS

1. The level of treatment to be provided at each sewage treatment plant industrial wastewater outfall should be determined by water quality
analyses directly related to the established water use objectives for the receiving surface water body. These analyses should demonstrate that
the proposed treatment level will aid in achieving the water quality standards supporting each major water use objective as set forth on Map 43
and in Table 80.

2. The type and extent of storm water treatment or associated preventive land management practices to be applied within a hydrologic unit
should be determined by water quality analyses directly related to the established water use objectives for the receiving surface water body.
These analyses should demonstrate that the proposed treatment level or land management practices will aid in achieving the water quality
standards supporting each major water use objective as set forth on Map 43 and in Table 80.

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

4. The discharge of sewage treatment plant effluent directly to inland lakes should be avoided and sewage treatment plant discharges to streams

flowing into inland lakes should be located and treated so as to contribute to the achievement of the established water use objectives and
standards for those lakes.

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

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

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

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

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

10. Sewage treatment plants should be designed to perform their intended function and to provide their specified level of treatment under

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

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

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

13. By 1985, no pollutants should be discharged by sanitary or industrial sewage treatment plants in amounts which would preclude the
achievement of the recommended water use objectives or the supporting standards as set forth on Map 43 and Table 80.

14. The orderly transition of lands from open space, agricultural, or other rural uses to urban uses through excavation, landshaping, and
construction should be planned, designed, and conducted so as to contribute to the achievement of the established water use objectives
and standards.
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OBJECTIVE NO.3

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

PRINCIPLE

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

STANDARDS

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

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

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

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

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

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

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

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

OBJECTIVE NO.4

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

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

STANDARDS

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

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

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

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

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

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

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

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

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

OBJECTIVE NO.5

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

PRINCIPLE

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

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

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

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

4. Each designated management group should have legal authority, financial resources, technical capability, and practical autonomy sufficient
to assure the timely accomplishment of its responsibilities in the achievement of the recommended water use objectives and supporting stan
dards as set forth on Map 43 and in Table 80.

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

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

c Low-density development is defined as that development having an average dwelling unit density of 1.2 dwelling units per net residential
acre and a net lot area per dwelling unit ranging from 18,981 to 62,680 square feet.

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

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

f Areas larger than 160 acres in extent.

Source: SEWRPC.
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Table 77

WATER CONTROL FACILITY DEVELOPMENT
OBJECTIVES, PRINCIPLES, AND STANDARDS FOR THE PIKE RIVER WATERSHED

OBJECTIVE NO.1

An integrated system of drainage and flood control facilities and floodland management programs which will effectively reduce flood damage
under the existing land use pattern of the watershed and promote the implementation of the watershed land use plan, meeting the anticipated
runoff loadings generated b the existing and proposed land uses.

PRINCIPLE

Reliable local municipal storm water drainage facilities cannot be properly planned, designed, or constructed except as integral parts of an
areawide system of floodwater conveyance and storage facilities centered on major drainageways and perennial waterways designed so that the
hydraulic capacity of each waterway opening and channel reach abets the common aim of providing for the storage, as well as the movement,
of floodwaters. Not only does the land use pattern of the tributary drainage area affect the required hydraulic capacity, but the effectiveness
of the floodwater conveyance and storage facilities affects the uses to which land within the tributary watershed, and particularly within the
riverine areas of the watershed, may properly be put.

STANDARDS

1. All new and replacement bridges and culverts over waterways shall be designed so as to accommodate, according to the categories listed
below, the designated flood events without overtopping of the related roadway or railroad track and resultant disruption of traffic by flood
waters.

a. Minor and collector streets used or intended to be used primarily for access to abutting properties: a lO-year recurrence interval flood
discharge.

b. Arterial streets and highways, other than freeways and expressways, used or intended to be used primarily to carry heavy volumes of fast,
through traffic: a 50-year recurrence interval flood discharge.

c. Freeways and expressways: a 1DO-year recurrence interval flood discharge.

d. Railroads: a 1DO-year recurrence interval flood discharge.

2. All new and replacement bridges and culverts over waterways, including pedestrian and other minor bridges, in addition to meeting the
applicable above-specified requirements, shall be designed so as to accommodate the 100-year recurrence interval flood event without raising
the peak stage, either upstream or downstream, more than O.la foot above the peak stage for the 1DO-year recurrence interval flood, as estab
lished in the adopted comprehensive watershed plan. Larger permissible flood stage increases may be acceptable for reaches having topographic
or land use conditions which could accommodate the increased stage without creating additional flood damage potential upstream or down
stream of the proposed structure.

3. The waterway opening of all new and replacement bridges shall be designed so as to readily facilitate the passage of ice floes and other
floating debris, and thereby avoid blockages often associated with bridge failure and with unpredictable backwater effects and flood damages.
In this respect it should be recognized that clear spans and rectangular openings are more efficient than interrupted spans and curvilinear
openings in allowing the passage of ice floes and other floating debris.

4. Certain new or replacement bridges and culverts over waterways, including pedestrian and other minor bridges, so located with respect to
the stream system that the accumulation of floating ice or other debris may cause significant backwater effects with attendant danger to life,
public health, or safety, or attendant serious damage to homes, industrial and commercial buildings, and important public utilities, shall be
designed so as to pass the 100-year recurrence interval flood with at least 2.0 feet of freeboard between the peak stage and the low concrete
or steel in the bridge span.

5. Standards 1, 3, and 4 shall also be used as the criteria for assessment of the adequacy of the hydraulic capacity and structural safety of
existing bridges or culverts over waterways and thereby serve, within the context of the adopted comprehensive watershed plan, as the basis for
crossing modification or replacement recommendations designed to alleviate flooding and other problems.

6. Channel modifications, dikes, and floodwalls should be restricted to the minimum number and extent absolutely necessary for the pro
tection of existing and proposed land use development, which is consistent with the land use element of the comprehensive watershed plan.
The upstream and downstream effect of such structural works on flood discharges and stages shall be determined, and any such structural
works which may significantly increase upstream or downstream peak flood discharges should be used only in conjunction with complementary
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facilities for the storage and movement of the incremental floodwaters through the watershed stream system. Channel modifications, dikes, or
floodwalls shall not increase the height of the 100-year recurrence interval flood by more than 0.1 a foot in any unprotected upstream or
downstream stream reaches. Increases in flood stages in excess of 0.1 a foot resulting from any channel, dike, or floodwall construction shall
be contained within the upstream or downstream extent of the channel, dike, or floodwall, except where topographic or land use conditions
could accommodate the increased stage without creating additional flood damage potential.

7. The height of dikes and floodwalls shall be based on the high water surface profiles for the 100-year recurrence interval flood prepared under
the comprehensive watershed study, and shall be capable of passing the 100-year recurrence interval flood with a freeboard of at least two feet.

8. The construction of channel modifications, dikes, or floodwalls shall be deemed to change the limits and extent of the associated floodways
and floodplains. However, no such change in the extent of the associated floodways and floodplains shall become effective for the purposes of
land use regulation until such time as the channel modifications, dikes, or floodwalls are actually constructed and operative. Any development
in a former floodway or floodplain located to the landward side of any dike or floodwall shall be provided with adequate drainage so as to
avoid ponding and associated damages.

9. Reduced regulatory flood protection elevations and accompanying reduced floodway or floodplain areas resulting from any proposed dams
or diversion channels shall not become effective for the purposes of land use regulation until the reservoirs or channels are actually constructed
and operative.

10. All water control facilities other than bridges and culverts, such as dams and diversion channels, so located on the stream system that failure
would damage only agricultural lands and isolated farm buildings, shall be designed to accommodate at least the hydraulic loadings resulting
from a 100-year recurrence interval flood. Water control facilities so located on the stream system that failure could jeopardize public health
and safety, cause loss of life, or seriously damage homes, industrial and commercial buildings, and important public utilities or result in closure
of principal transportation routes shall be designed to accommodate a flood that approximates the standard project flood or the more severe
probable maximum flood, depending on the ultimate probable consequences of failure.b

PRINCIPLE

Floodlands that are unoccupied by, and not committed to, urban development should be retained in an essentially natural open space condition
supplemented with the development of selected areas for public recreational uses. Maintaining floodlands in open uses will serve to protect
one riverine community from the adverse effects of the actions of others by discouraging flood land development which would significantly
aggravate existing flood problems or create new flood problems upstream or downstream; will preserve natural floodwater conveyance and
storage capacities; will avoid increased peak flood discharges and stages; will contribute to the preservation of wetland, woodland, and wildlife
habitat as part of a continuous linear system of open space, and will immeasurably enhance the quality of life for both the urban and rural
population by preserving and protecting the recreational, aesthetic, ecological, and cultural values of riverine areas.

STANDARDS

1. All public land acquisitions, easements, floodland use regulations, and other measures intended to eliminate the need for water control
facilities shall, in all areas not already in intensive urban use or committed to such use, encompass at least all of the riverine areas lying within
the 1OO-year recurrence interval flood inundation line.

2. Where hydraulic floodways are to be delineated, they shall to the maximum extent feasible accommodate existing, committed, and planned
floodplain land uses.

3. In the determination of a hydraulic floodway, the hydraulic effect of the potential floodplain encroachment represented by the floodway
shall be evaluated on the basis of an equal degree of encroachment for a significant reach on both sides of the stream, and the degree of
encroachment shall be limited so as to not raise the peak stage of the 100-year recurrence interval flood by more than 0.1 a foot. Larger stage
increases may be acceptable if appropriate legal arrangements are made with affected local units of government and property owners.

OBJECTIVE NO.2

An integrated system of land management and water quality control facilities and pollution abatement devices adequate to assure a quality of
surface water necessary to support recreational use, a warmwater fishery, other aquatic life, and a salmon fishery.

PRINCIPLE

Surface water is one of the most valuable resources of southeastern Wisconsin; and, even under the effects of increasing population and eco
nomic activity levels, the potential of natural stream waters to serve a reasonable variety of beneficial uses, in addition to the single-purpose
function of waste transport and assimilation, should be protected and preserved.
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STANDARDS

1. All waters shall meet those water quality standards set forth in Table 80 of this report commensurate with the adopted water use objectives.

2. Water quality standards commensurate with adopted water use objectives are applicable at all times except during periods when streamflows
are less than the average minimum seven-day low flow expected to occur on the average of once every 10 years.

a Although Commission watershed studies conducted prior to the Kinnickinnic River watershed study have used a standard of 0.5 foot
a standard that is interpreted by the Commission staff to mean no significant stage increase-that standard was reduced in the Kinnickinnic
River and Pike River watershed reports in order to be consistent with revisions to the Wisconsin Administrative Code. Chapter NR 116 of
the Code, "Wisconsin's Floodplain Management Program," was revised by the Wisconsin Department of Natural Resources in July 1977 so
as to specify a maximum computed stage increase of only 0.1 foot. This Department standard, which is numerically more stringent than the
standard adopted earlier by the Commission and previously used by the Wisconsin Department of Natural Resources, may be waived by the
Department only if "appropriate legal arrangements have been made with all affected local units of government and all property owners for
any increased flood elevations on those properties."

Although the Commission has adopted the numerically more stringent allowable stage increase in order to be consistent with the Wisconsin
Administrative Code, the Commission staff has expressed concern with the use of 0.1 foot and, more particularly, with the accuracy of
hydraulic computations that is implied by that standard. The.Commission staff, in an April 18, 1977 letter to Mr. Thomas P. Fox, Chairman,
Wisconsin Natural Resources Board, stated that "while it is true that the output from a computer backwater program may be stated with
a precision of O. 1 foot-given the state of the art-no one can presently claim an accuracy of such work within O. 1 foot. It would appear to
us that an accuracy level of 0.5 foot would be more reasonable. 1/

b These flood events, which have been formulated and used by the U. S. Army Corps of Engineers, are defined and discussed in Chapter VII
of SEWRPC Planning Guide No.5, Floodland and Shoreland Development Guide, November 1968.

Source: SEWRPC.
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Table 78

OUTDOOR RECREATION AND OPEN SPACE PLANNING OBJECTIVES,
PRINCIPLES, AND STANDARDS FOR THE PIKE RIVER WATERSHED

OBJECTIVE NO.1

The provision of an integrated system of public general use outdoor recreation sites and related open space areas which will allow the resident
population of the Region adequate opportunity to participate in a wide range of outdoor recreation activities.

PRINCIPLE

Attainment and maintenance of good physical and mental health is an inherent right of all residents of the Region. The provision of public
general use outdoor recreation sites and related open space areas contributes to the attainment and maintenance of physical and mental health
by providing opportunities to participate in a wide range of both intensive and extensive outdoor recreation activities. Moreover, an integrated
park and related open space system properly related to the natural resource base, such as the existing surface water network, can generate the
dual benefits of satisfying recreational demands in an appropriate setting while protecting and preserving valuable natural resource amenities.
Finally, an integrated system of public general use outdoor recreation sites and related open space areas can contribute to the orderly growth
of the Region by lending form and structure to urban development patterns.

A. PUBLIC GENERAL USE OUTDOOR RECREATION SITES

PRINCIPLE

Public general use outdoor recreation sites promote the maintenance of proper physical and mental health by providing opportunities to
participate in such athletic recreational activities as baseball, swimming, tennis, and ice-skating-activities that facilitate the maintenance of
proper physical health because of the exercise involved-as well as opportunities to participate in such less athletic activities as pleasure walking,
picnicking, or just rest and reflection. These activities tend to reduce everyday tensions and anxieties and thereby help maintain proper physical
and mental well being. Well-designed and properly located public general use outdoor recreation sites also provide a sense of community, bring
people together for social and cultural as well as recreational activities, and thus contribute to the desirability and stability of residential neigh
borhoods and therefore the communities in which such facilities are provided.

STANDARDS

1. The public sector should provide general use outdoor recreation sites sufficient in size and number to meet the recreation demands of
the resident population. Such sites should contain the natural resource or man-made amenities appropriate to the recreational activities to
be accommodated therein and be spatially distributed in a manner which provides ready access by the resident population. To achieve this
standard, the follo1iVing public general use outdoor recreation site requirements should be met:

Publicly Owned General Use Sites

Parks SchooIss

~:7m~e~'~ Minimum Per Capita
Maximum Service

Minimum Per Capita Radius {miles)c
Size Public Requirements Public Requirements f

Site Type (gross acres) (acres per 1,000 personsP Typical Facilities Urbane Rural (acres per 1,000 persons) Tvpical facilities Urbane Rural

I
g 250 or more 5.3 Camp sites, swimming beach, 10.0 10.0 - -- - -

Regional picnic areas, golf course,
ski hill, ski touring trail,
boat launch. natufe study
area, playfield. softball

:::jtOtld. passive activity

"i 100-249 2.6 Camp sites, swimming pool or 4.oi 10.01 -- .- - -
Multicommunity beach, picnic areas, golf course,

ski hill, ski touring trail, boat
lau nch, nature study area,
playfield, softball and/or
ba~~all di8~ond, passive
actiVity area

III k 25-99 2.2 Swimming pool or beach. picnic 2.01 .- 0.9 Playfield, besebell 0.5_1.om -
Community areas. boat launch. nature study diamond. softball

area, playfield, softball and/or diamond, tennis court
baseball diamond. tennis court,
passive activity areah

IVn Less than 26 1.7 Wading pool. picnic areas, 0.0-1.00 - 1.6 Playfield, playground, 0.5_1.om --
Neighborhood pleyfield, softbell andlor baseball diamond,

baseball diamond. tennis softball diamond,
court. playground, basketball tennis court, basketball
goal, ice-skating rink, passive goal
activity area"
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2. Public general use outdoor recreation sites should, as much as possible, be located within the designated primary environmental corridors
of the Region.

B. RECREATION-RELATED OPEN SPACE

PRINCIPLE

Effective satisfaction of recreation demands within the Region cannot be accomplished solely by providing public general use outdoor recrea
tion sites. Certain recreational pursuits such as hiking, biking, pleasure driving, and ski touring are best provided for through a system of
recreation corridors located on or adjacent to linear resource-oriented open space lands. A well-designed system of recreation corridors offered
as an integral part of linear open space lands also can serve to physically connect existing and proposed public parks, thus forming a truly
integrated park and recreation related open space system. Such open space lands, in addition, satisfy the human need for natural surroundings,
serve to protect the natural resource base, and ensure that many scenic areas and areas of natural, cultural, or historic interest assume their
proper place as form determinants for both existing and future land use patterns.

STANDARDS

The public sector should provide sufficient open space lands to accommodate a system of resource-oriented recreation corridors to meet the
resident demand for extensive trail-oriented recreation activities. To fulfill these requirements the following recreation-related open space
standards should be met:

1. A minimum of 0.16 linear mile of recreation related open space consisting of linear recreation corridorsP should be provided for each
1,000 persons in the Region.

2. Recreation corridors should have a minimum length of 15 miles and a minimum width of 200 feet.

3. The maximum travel distance to recreation corridors should be five miles in urban areas and 10 miles in rural areas.

4. Resource-oriented recreation corridors should maximize use of:

a. Primary environmental corridor as location for extensive trail-oriented recreation activities.

b. Outdoor recreation facilities provided at existing public park sites.

c. Existing recreation trail-type facilities within the Region.

OBJECTIVE NO.2

The preservation of sufficient high-quality open space lands for protection of the underlying and sustaining natural resource base and enhance
ment of the social and economic well being and environmental quality of the Region.

PRINCIPLE

Ecological balance and natural beauty within the Region are primary determinants of the ability to provide a pleasant and habitable environ
ment for all forms of life and to maintain the social and economic well being of the Region. Preservation of the most significant aspects of the
natural resource base, that is, primary environmental corridors and prime agricultural lands, contributes to the maintenance of the ecological
balance, natural beauty, and economic well being of the Region.

A. PRIMARY ENVIRONMENTAL CORRIDORS

PRINCIPLE

The primary environmental corridors are a composite of the best individual elements of the natural resource base including surface water,
streams, and rivers and their associated floodlands and shorelands; woodlands, wetlands, and wildlife habitat; areas of groundwater discharge
and recharge; organic soils, rugged terrain, and high relief topography; and significant geological formations and physiographic features. By
protecting these elements of the natural resource base, flood damage can be reduced, soil erosion abated, water supplies protected, air cleansed,
wildlife population enhanced, and continued opportunities provided for scientific, educational, and recreational pursuits.

STANDARD

All remaining nonurban lands within the designated primary environmental corridors in the Region should be preserved in their natural state.
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B. PRIME AGRICULTURAL lANDS

PRINCIPLE

Prime agricultural lands constitute the most productive farmlands in the Region and, in addition to providing food and fiber, contribute signifi
cantly to maintaining the ecological balance between plants and animals; provide locations close to urban centers for the production of certain
food commodities which may require nearby population concentrations for an efficient production-distribution relationship; provide open
spaces which give form and structure to urban development; and serve to maintain the natural beauty and unique cultural heritage of south
eastern Wisconsin.

STANDARDS

1. All prime agricultural lands should be preserved.

2. All agricultural lands should be preserved that surround adjacent high-value scientific, educational, or recreational sites and are covered by
soils rated in the regional detailed operational soil surveys as having very slight, slight, or moderate limitations for agricultural use.

OBJECTIVE 1\10. 3

The efficient and economical satisfaction of outdoor recreation and related open space needs meeting all other objectives at the lowest pos

sible cost.

PRINCIPLE

The total resources of the Region are limited, and any undue investment in park and open space lands must occur at the expense of other

public investment.

STANDARD

The sum total of all expenditures required to meet park demands and open space needs should be minimized.

a In urban areas the facilities commonly located in Type 1/1 or Type IV school outdoor recreation areas often provide a substitute for facilities
usually located in parks by providing opportunities for participation in intensive nonresource-oriented activities.

b The identification of a maximum service radius for each park type is intended to provide another guideline to assist in the determination of
park requirements and to assure that each resident of the Region has ready access to the variety of outdoor recreation facilities commonly
located in parks.

c The identification of a maximum service radius for each school site is intended to assist in the determination of outdoor recreation facilities
requirements and to assure that each urban resident has ready access to the types of facilities commonly located in school recreation areas.

d For Type I and Type 1/ parks, which generally provide facilities for resource-oriented outdoor recreation activities for the total population
of the Region, the minimum per capita acreage requirements apply to the total residentpopulation of the Region. For Type 1/1 and Type IV
sites, which generally provide facilities for intensive nonresource-oriented outdoor recreation activities primarily in urban areas, the minimum
per capita acreage requiremen,ts apply to the resident population of the Region residing in urban areas.

e Urban areas are defined as areas containing a closely spaced network of minor streets which include concentrations of residential, commercial,
industrial, governmental, or institutional land uses having a minimum total area of 160 acres and a minimum population of 500 persons. Such
areas usually are incorporated and are served by sanitary sewerage systems. These areas have been further classified into the following densities:
low-density urban areas or areas with 0.70 to 2.29 dwelling units per net residential acre, medium-density urban areas or areas with 2.30 to
6.99 dwelling units per net residential acre, and high-density urban areas or areas with 7.00 to 17.99 dwelling units per net residential acre.

f For public school sites, which generally provide facilities for intensive nonresource-oriented outdoor recreation activities, the minimum per
capita acreage requirements apply to the resident population of the Region residing in urban areas.

g Type I sites are defined as large outdoor recreation sites having a multicounty service area. Such sites rely heavily for their recreational value
and character on natural resource amenities. Type I parks provide opportunities for participation in a wide variety of resource-oriented
outdoor recreation pursuits.
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h A passive activity area is defined as an area within an outdoor recreation site which provides an opportunity for such less athletic recreational
pursuits as pleasure walking, rest andrelaxation, and informal picnicking. Such areas generally are located in all parks or in urban open space
sites, and usually consist of a landscaped area with mowed lawn, shade trees, and benches.

i Type /I sites are defined as intermediate size sites having a countywide or multicommunity service area. Like Type I sites, such sites rely for
their recreational value and character on natural resource amenities. Type /I parks, however, usually provide a smaller variety of recreation
facilities and have smaller areas devoted to any given activity.

j In general, each resident of the Region should reside within 10 miles of a Type I or Type /I park. It should be noted, however, that within
urban areas having a population of 40,000 or greater, each urban resident should reside within four miles of a Type I or Type II park.

k Type III sites are defined as intermediate size sites having a multineighborhood service area. Such sites rely more on the development char
acteristics of the area to be served than on natural resource amenities for location.

I In urban areas the need for a Type III site is met by the presence of a Type II or Type I site. Thus, within urban areas having a population
of 7,500 or greater, each urban resident should be within two miles of a Type 11/, /I, or I park site.

m The typical service radius of school outdoor recreation facilities is governed by individual facilities within the school site and by population
densities in the vicinity of the site. In high-density urban areas each urban resident should reside within 0.5 mile of the facilities commonly
located in a Type /II or Type I V school outdoor recreation area; in medium-density urban areas each resident should reside within 0.75 mile
of facilities commonly located in Type /II or Type IV school outdoor recreation areas; and in low-density urban areas each urban resident
should reside within one mile of the facilities commonly located in a Type III or Type IV school outdoor recreation area.

n Type IV sites are defined as small sites which have a neighborhood as the service area. Such sites usually provide facilities for intensive
nonresource-oriented outdoor recreation activities and are generally provided in urban areas. Recreation lands at the neighborhood level
should most desirably be provided through a joint community-school district venture, with the facilities and recreational land are required
to be provided on one site available to serve the recreation demands of both the school student and resident neighborhood population. Using
the Type IV park standard of 1.7 acres per thousand residents and the school standard of 1.6 acres per thousand residents, a total of 3.3 acres
per thousand residents or approximately 21 acres of recreation lands in a typical medium-density neighborhood would be provided. These
acreage standards relate to lands required to provide for recreation facilities typically located in a neighborhood and are exclusive of the
school building site and associated parking area and any additional natural areas which may be incorporated into the design of the park site
such as drainageways and associated storm water retention basins, areas ofpoor soils, and floodland areas.

o The maximum service radius of Type IV parks is gover.ned primarily by the population densities in the vicinity of the park. In high-density
urban areas, each urban resident should reside within 0.5 mile of a Type IV park; in medium-density urban areas, each resident should reside
within 0.75 mile of a Type IV park; and in low-density urban areas, each urban resident should reside within one mile of a Type IV park. It
should be noted that the requirement for a Type IV park also is met by a Type I, /I, or /II park within 0.5-1.0 mile service radii in high-,
medium-, and low-density urban areas, respectively. Further, it should be noted that in the application of the service radius criterion for
Type IV sites, only multiuse parks five acres or greater in area should be considered as satisfying the maximum service radius requirement.

PA recreation corridor is defined as a publicly owned continuous linear expanse of land which is generally located within scenic areas or areas
of natural, cultural, or historical interest and which provides opportunities for participation in trail-oriented outdoor recreation activities
especially through the provision of trails designated for such activities as biking, hiking, horseback riding, nature study, and ski touring. In
the Region in 1973 only Milwaukee County, with an extensive parkway system, and the Wisconsin Department of Natural ReSOUrces, with
the Kettle Moraine State Forest-Southern Unit, possessed the continuous linear lands required to develop such a recreation corridor.

Source: SEWRPC.
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Table 79

COMPARISON OF WISCONSIN NATURAL RESOURCES BOARD-ADOPTED WATER USE OBJECTIVES
TO SEWRPC-RECOMMENDED WATER USE OBJECTIVES FOR THE PIKE RIVER WATERSHED: 1979

Stream Objectives Adopted Objectives Recommended Rationale for
Identification by DNR a by SEWRPC Recommended Change

Waxdale Creek from CTH H Marginal aquatic life, Warmwater fishery and aquatic Implementation of the planned

downstream to the Chicago, recreational use, and life, recreational use, and water pollution abatement
Milwaukee, St. Paul & Pacific minimum standards minimum standards measures is expected to result
Railroad crossing in a water quality sufficient

to perm it the assignment of
an upgraded water use
objective

Waxdale Creek from the Intermediate fishery and Warmwater fishery and aquatic Implementation of the planned

Chicago, Milwaukee, aquatic life, recreational life, recreational use, and water pollution abatement

St. Paul & Pacific Railroad use, and minimum minimum standards measures is expected to

crossing downstream to the standards result in a water quality
confluence with the sufficient to permit the
Pike River assignment of an upgraded

water use objective

Pike River from its headwaters Restricted recreational use Warmwater fishery and aquatic Implementation of the planned
at the confluence with and minimum standards life, recreational use, and water pollution abatement

Bartlett Branch downstream minimum standards measures is expected to
to the Kenosha County line result in a water quality

sufficient to permit the
assignment of an upgraded
water use objective

Pike Creek from its headwaters Restricted recreational use Warmwater fishery and aquatic Implementation of the planned

at the confluence with and minimum standards life, recreational use, and water pollution abatement
Airport Branch downstream minimum standards measures is expected to
to the confluence with result in a water quality
Somers Branch sufficient to permit the

assignment of an upgraded
water use objective

Pike Creek from the confluence Intermediate fishery and Warmwater fishery and aquatic Implementation of the planned

with Somers Branch down- aquatic life, recreational life, recreational use, and water pollution abatement

stream to the confluence use, and minimum minimum standards measures is expected to
with the Pike River standards result in a water quality

sufficient to perm it the
assignment of an upgraded
water use objective

Somers Branch from east of Marginal aquatic life, Warmwater fishery and aquatic, Implementation of the planned

CTH H downstream to recreational use, and life, recreational use, and water pollution abatement
the confluence with minimum standards minimum standards measures is expected to
Pike Creek resu It in a water quality

sufficient to perm it the
assignment of an upgraded

water use objective

The Pike River estuary Warmwater fishery and Recommended water use Further study on the
aquatic life, recreational objectives to be determined hydrologic-hydrau Iic, water
use, and minimum based on the resu Its of quality, and biological

standards further study processes and interactions
occurring within the
estuary is needed before
water use objectives can
be recommended

NOTE: Stream reaches with identical water use objectives have not been listed.

aDNR objectives were adopted in 1976 and have not been changed.

Source: SEWRPC.
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Table 80

PRELIMINARY RECOMMENDED WATER
USE OBJECTIVES AND WATER QUALITY

STANDARDS FOR STREAMS IN THE
PIKE RIVER WATERSHED: 2000a

Warmwater Fishery
and Aquatic Life,

Water Quality Recreational Use, and
Parameters Minimum Standardsb

Maximum Temperature (oF) 8gC

pH Range (standard units) 6.0-9.0d

Minimum Dissolved
Oxygen (mg!l) 5.0

Maximum Fecal Coliform
(counts per 100 mil 200-400

e

Maximum Total Residual
Chlorine (mg/l) 0.01

Maximum Un-ionized
Ammonia Nitrogen (mg/l) 0.02

f

Maximum Total
Phosphorus (mg/l) 0.1

Other --g

aIncludes SEWRPC interpretations of all basic water use categories
established by the Wisconsin Department of Natural Resources
and additional categories established under the regional water
quality management planning program, plus those combinations
of water use categories applicable to the Southeastern Wisconsin
Region. It is recognized that under both extremely high and
extremely low flow conditions, instream water levels can be
expected to violate the established water quality standards for
short periods of time without damaging the overall health of
the stream. It is important to note the critical differences between
the official state and federally adopted water quality standards
composed of "use designations" and "water quality criteria"-and
the water use objectives and supporting standards of the Regional
Planning Commission described here. The U. S. Environmental
Protection Agency and the Wisconsin Department of Natural
Resources, being regulatory agencies, utilize water quality stan
dards as a basis for enforcement actions and compliance monitor
ing. This requires that the standards have a rigid basis in research
findings and in field experience. The Commission, by contrast,
must forecast regulations and technology far into the future,
documenting the assumptions used to analyze conditions and
problems which may not currently exist anywhere, much less in
or near southeastern Wisconsin. As a result, more recent-and
sometimes more controversial-study findings must sometimes be
applied. This results from the Commission's use of the water
quality standards as criteria to measure the relative merits of
alternative plans.

bAll waters shall meet the following minimum standards at all times
and under all flow conditions: substances that will cause objec
tionable deposits on the shore or in the bed of a body of water
shall not be present in such amounts as to interfere with public
rights in waters of the State. Floating or submerged debris, oil,
scum, or other material shall not be present in such amounts as to
interfere with public rights in the waters of the State. Materials

producing color, odor, taste, or unsightliness shall not be present
in amounts found to be of public health significance, nor shall
substances be present in amounts which are acutely harmful to
animal, plant, or aquatic life.

cThere shall be no temperature changes that may adversely affect

aquatic life. Natural daily and seasonal temperature fluctuations
shall be maintained. The maximum temperature rise at the edge of
the mixing zone above the existing natural temperature shall not
exceed!f1F for streams.

d The pH shall be within the range of 6.0 to 9.0 standard units with
no change greater than 0.5 unit outside the estimated natural
seasonal maximum and minimum.

eShall not exceed a monthly geometric mean of 200 per 100 ml
based on not less than five samples per month nor a monthly
geometric mean of 400 per 100 ml in more than 10 percent of all
samples during any month.

f This level of un-ionized ammonia is estimated to be present at the
temperature range of 70-7!f1F and a pH of 8.0 standard units,
which approximate the critical conditions in the Pike River water
shed, and at ammonia-nitrogen concentrations of about 0.4 mgll
or greater, and has been recommended by the U. S. EPA as a water
quality criterion for the protection of warm water fish and other
aquatic life of the types found in the natural waters of the Pike
River watershed.

gUnauthorized concentrations of substances are not permitted that
alone or in combination with other materials present are toxic to
fish or other aquatic life. The determination of the toxicity of
a substance shall be based upon the available scientific data base.
References to be used in determining the toxicity of a substance
shall include, but not be limited to, the Federal Register, Part V,
Environmental Protection Agency, "Water Quality Criteria Docu
ments, Availability," November 28, 1980: Quality Criteria for
Water, EPA-44019-76-003, U. S. Environmental Protection Agency,

Washington, D. C., 1976: and Water Quality Criteria, 1972, EPA
R3·73,003, National Academy of Sciences, National Academy of
Engineering, U. S. Government Printing Office, Washington, D. C.,
1974. Questions concerning the permissible levels, or changes
in the same, of a substance, or combination of substances, of
undefined toxicity to fish and other biota shall be resolved in
accordance with the methods specified in Water Quality Criteria
1972 and Standard Methods for the Examination of Water and
w;;;tewater, 14th Edition, American Public Health Association,
New York, 1975, or other methods approved by the Department
of Natural Resources.

Source: Wisconsin Department of Natural Resources and SEWRPC.
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mum, or desirable values. The standards set forth
herein should serve as aids not only in the develop
ment, test, and evaluation of watershed land use
and water control facility plans, but also in the
development, test, and evaluation of local land use
and community facility plans and in the develop
ment of plan implementation policies and pro
grams as well.

Overriding Considerations
When applying the watershed development objec
tives, principles, and standards to the watershed
plan elements, several overriding considerations
must be recognized. First, it must be recognized
that any proposed water control and water quality
management facilities must constitute integral
parts of a total system. It is not possible through
application of these objectives and standards alone,
however, to assure such a system integration,
since the objectives and standards cannot be used
to determine the effect of individual facilities and
controls on each other or on the system as a whole.
This requires the application of planning and engi
neering techniques developed for this purpose
such as hydrologic, hydraulic, and water quality
simulation-to quantitatively test the potential per
formance of the proposed facilities as part of
a total system, thereby permitting adjustment of
the spatial distribution and capacities of the facili
ties and the system to the existing and future
runoff and waste loadings as derived from the
adopted regional land use plan. Second, it must be
recognized that it is unlikely that anyone plan
proposal will meet all the standards completely.
Thus, the extent to which each standard is met,
exceeded, or violated must serve as a measure of
the ability of each alternative plan proposal to
achieve the specific objective which the given stan
dard complements. Third, it must be recognized
that certain objectives may be in conflict that will
require resolution through compromise; such com
promise is an essential part of any design effort.
The degree to which the recommended Pike River
watershed plan meets the adopted objectives and
standards is discussed in Chapter XIV of this report.

ENGINEERING DESIGN CRITERIA
AND ANALYTIC PROCEDURE

As noted earlier in this chapter, certain engineer
ing design criteria and analytic procedures were
utilized in the preparation of the watershed plan.
More specifically, these criteria and procedures
were used in the design of alternative plan sub
elements, in the test of the technical feasibility of
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those subelements, and in the making of the nec
essary economic comparisons. While these engi
neering criteria and procedures are widely accepted
and firmly based in current engineering practice,
it is, nevertheless, believed useful to document
them here.

Rainfall Intensity-Duration
Frequency Relationships
If local storm water control and river flood control
measures are to be compatible and function in
a coordinated manner, plans for both must be
based on consistent engineering design criteria.
A fundamental criterion for both local and water
shed drainage planning is the rainfall intensity
duration-frequency relationship representative of
the watershed area.

The Commission has developed rainfall intensity
duration-frequency relationships based on a 64-year
precipitation record at the Milwaukee National
Weather Service station. These relationships are
shown graphically and in equation form in Appen
dix C. The curves in Figure C-l and the equations
in Table C-l are directly applicable to urban storm
water control system design using the rational
formula with the equations being intended pri
marily for incorporation into digital computer pro
grams used in storm water control system analysis
and design.

The curves in Figure C-2, which relate total rainfall
to duration and frequency, are more convenient
for use in basinwide hydrologic analysis. The varia
tion of rainfall depth with tributary area and the
seasonal variation of rainfall probability are shown
in Figures C-3 and C-4, respectively. The relation
ships presented in Figure C-4 indicate that severe
rainfall events, as defined by their duration and
recurrence interval, are most likely to occur during

3 For a detailed description of the rational method
with emphasis on the use of soils, mapping land. use,
and hydrologic data available for the seven-county
planning Region, refer to "Determination ofRunoff
for Urban Storm Water Drainage System Design"
by K. W. Bauer, SEWRPC Technical Record,
Volume 2, No.4, April-May 1965. The procedures
used to obtain equations for intensity-duration
frequency relationships are described in "Devel
opment of Equations for Intensity-Duration-Fre
quency Relationships" by S. G. Walesh, SEWRPC
Technical Record, Volume 3, No.5, March 1973.

1
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the months of July, August, and September. All
these rainfall relationships are directly applicable
to the Pike River watershed as well as to the South
eastern Wisconsin Planning Region.

Storm Sewer Design Criteria
Rainfall intensity-duration-frequency relationships
and soil survey data make possible a detailed con
sideration of rainfall-runoff relationships in the
design of storm sewers for urban areas in the
Southeastern Wisconsin Region and in the water
shed. Recommended values for the coefficient of
runoff = C, which are based on land use, land
slope, and soil type, are presented in Appendix C,
Figure C-5, and Table C-2. 4 Soils which occur in
the watershed and in the Southeastern Wisconsin
Region are categorized in hydrologic groups accord
ing to their infiltration capabilities as presented in
Appendix C of SEWRPC Planning Guide No.6,
Soils Development Guide.

Flood Discharge-Frequency Analyses
Each point on a watershed stream system has, for
a given combination of floodland and nonflood
land development, a unique discharge-frequency
relationship which is normally presented graphi
cally and relates possible annual peak discharges in
cubic feet per second to the average frequency or
recurrence interval in years at which the indicated
discharge will be reached or exceeded. Discharge
frequency analyses of annual flood peaks were
conducted under the Pike River watershed study
according to the log Pearson Type III method
of analyses as recommended by the U. S. Water
Resources Council 5 and as specified by the Wis
consin Department of Natural Resources.6 In the
absence of suitable, long-term flow records, the
discharge-frequency analysis was applied to simu
lated annual peak discharges at points of interest
scattered throughout the watershed stream system
so as to produce, in effect, watershedwide simu
lated discharge-frequency relationships. The simu
lated annual peak discharges were obtained for

4 Ibid.

5 United States Water Resources Council, "Guide
lines for Determining Flood Flow Frequency,"
Bulletin No. 17 of the Hydrology Committee,
Washington, D. C., March 1976.

6 "Wisconsin's Floodplain Management Program, "
Wisconsin Administrative Code, Chapter NRl16,
Register, July 1977, No. 259.

various combinations of floodland and nonflood
land development using a calibrated hydrologic
hydraulic model as described in Chapter VIII. The
resulting discharge-frequency relationships were
used to determine the magnitude of the lOO-year
recurrence interval regulatory flood, and were also
used to compute monetary flood damages and to
calculate economic benefits associated with alter
native floodland management measures.

Design Flood
The design flood adopted for the Pike River
watershed is that event having a lOO-year recur
rence interval peak discharge under year 2000
recommended watershed land use and floodland
development conditions. This discharge was deter
mined for locations distributed throughout the
watershed stream system and was used to delineate
the lOO-year recurrence interval floodlands, which
in tum served as the basis for development and
testing of alternative plans and selection of the
recommended plan. For example, the lOO-year
recurrence interval flood hazard line was used to
define those structures included in the synthesis of
annual flood damages.

The selection of the design flood should be dic
tated by careful consideration of factors such as
available hydrologic data, watershed flood charac
teristics, and costs attributable to flooding relative
to benefits accruing from various floodplain man
agement alternatives, but, in the final analysis, it
is as much a matter of public policy as it is of
engineering practice and economic analysis. Sound
engineering practice, however, dictates that the
flood used to delineate floodlands for land use
regulation purposes have a specific recurrence
interval so that economic analyses of the costs
and benefits of alternative flood control plans can
be made, and the advantages and disadvantages of
various levels and combinations of police power
regulations, public acquisition, and public con
struction for flood damage abatement and preven
tion can be analyzed on a comparable basis.

The Commission has selected the lOO-year recur
rence interval flood as the design flood for all
of its watershed planning efforts for the follow
ing reasons:

1. A lOO-year recurrence interval flood approxi
mates, with respect to the amount of land
inundated, the largest known floods that
have actually occurred in the Region since
its settlement by Europeans, although not
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all streams within the Region have experi
enced floods as large as the 100-year recur
rence interval flood. For example, the largest
flood of record for the Menomonee River
watershed as recorded near the watershed
outlet at Wauwatosa was estimated to have
had a recurrence interval of approximately
100 years; the two largest floods of record
for the Milwaukee River watershed as mea
sured near the watershed outlet at Milwaukee
were estimated to have had a recurrence
interval of 77 years; the largest flood of
record for the Fox River watershed, as
observed near the watershed outlet at
Wilmot near the Wisconsin-illinois border,
was estimated to have had a recurrence
interval of 37 years; the largest flood of
record for the Root River watershed as
determined in Racine at the watershed
outlet was estimated to have had a recur
rence interval of 100 years; and the large
flood of April 21, 1973, in the Kinnickin
nic River watershed was estimated to have
had a recurrence interval of about 60 years
as recorded at S. 7th Street in the City of
Milwaukee. For regulatory purposes, the use
of a flood event that is similar in terms of
peak flood stages and corresponding area of
inundation to the most severe flood which
has actually occurred within the Region pro
vides a means by which engineers, planners,
and community leaders can meaningfully
relate the seriousness of the flood problem
to the public, and thereby obtain understand
ing of the need for floodland management.

2. The 100-year recurrence interval flood is
judged to be a reasonably conservative
choice when viewed in the context of the
full range of possible regulatory flood events
which could be used. A primary function of
the regulatory flood is to define, by means
of a floodplain and associated floodway,
those riverine areas in which urbanization
should be prohibited or strictly controlled.
The regulatory flood should be at least as
severe as the 10-year recurrence interval
flood, since it would not be in the best inter
est of either the public in general or potential
riverine property owners in particular to
allow or encourage urban development in
areas that are subject to inundation as fre
quently or more frequently than an average
of once every 10 years. This is particularly
true where the flooding may endanger the

health or safety of floodplain inhabitants
and require that costly rescue, cleanup, and
repair work be undertaken by local units
of government.

The inadequacy of the 10-year flood event
as the regulatory flood thus requires selec
tion of a more severe event, such as the
recurrence interval floods of 25, 50, and
100 years. Hydrologic and hydraulic analy
ses completed as part of comprehensive
Commission watershed studies indicate that
the streams and rivers of southeastern Wis
consin generally exhibit relatively small
incremental differences in stage and areas
of inundation as floods increase in severity
from the 10- to the 100-year event. Flood
discharges in this range exceed channel
capacity so that the river occupies and flows
on its floodplain. Because of the large cross
sectional area of flow made available on the
relatively broad floodplains characteristic of
the streams of the planning Region, a situa
tion is produced in which large increments
of additional discharge are accommodated
with relatively small stage increases. There
fore, the stage of a 100-year recurrence
interval flood will normally be only a few
feet above the 10-year stages, although dis
charges of the former are usually almost
twice that of the latter. The differences
between the stages of a 25- or 50-year recur
rence interval flood event and the 100-year
recurrence interval flood event are generally
even smaller. The floodplains, moreover,
are normally bounded on the outer fringes
by relatively steep slopes leading to higher
topography, and as a consequence of this
lateral confinement, the area subject to
inundation increases relatively little as
floods increase in severity from the 10- to
100-year events.

Use of the 100-year recurrence interval flood
event thus provides a greatly reduced prob
ability of occurrence, yet entails only a rela
tively small incremental increase in stage
and, therefore, in the area subject to regula
tion. Thus, the 100-year event, as opposed
to the 25- or 50-year event, is recommended
as the basis for floodland regulation.

3. Use of the 100-year recurrence interval flood
for floodplain management purposes was
recommended for use by federal agencies



in 19697 by the U. S. Water Resources Coun
cil, an organization composed of repre
sentatives of federal offices and agencies
concerned with water resource problems.
This U. S. Water Resource Council recom
mendation, in effect, formalizes a generally
accepted practice followed by federal agen
cies, such as the U. S. Army Corps of Engi
neers and the U. S. Soil Conservation Service,
of using the 100-year recurrence interval
flood as the design for water resources plan
ning purposes. The Commission's use of the
100-year recurrence interval flood as the
design flood results in watershed plans that
have floodland management recommenda
tions which are in accord with federal water
resources planning procedures. This is par
ticularly important with respect to any plan
recommendations that may require federal
participation for implementation.

4. Subsequent to the Commission. recommen
dation that the 100-year recurrence interval
flood serve as the basis for floodland regula
tions in southeastern Wisconsin, the Wiscon
sin Legislature, in August 1966, enacted the
State Water Resources Act. The Act author
izes and directs the Wisconsin Department of
Natural Resources to carry out a statewide
program leading to the adoption of reason
able and effective floodland regulations by
all counties, cities, and villages. One of the
requirements of the resulting state flood
plain management program is that floodland
regulations be based on the regional flood,
which is defined by the Department as being
the 100-year recurrence interval flood. There
fore, the use of the 100-year flood for land
use regulatory purposes, as originally recom
mended by the Commission, is now manda
tory within Wisconsin.

Digital Computer Utilization
Extensive use was made of digital computers in the
conduct of the Pike River watershed study as in
other Commission watershed studies. Computer
utilization minimized manual data handling and
facilitated the incorporation of more sophisticated
analytical procedures into the planning process.
The Commission staff was thus able to direct more

7 U. S. Water Resources Council, Proposed Flood
Hazard Evaluation Guidelines for Federal Execu
tive Agencies, Washington, D. C., September 1969.

of its efforts toward, and to be more effective in,
the study design; objective formulation, analysis
and forecast; plan synthesis; and plan testing phases
of the watershed planning program. More specifi
cally, extensive use was made of the digital com
puter in the Pike River watershed planning program
for the three reasons discussed below.

First, use of the digital computer encourag~~,

and in fact demands, a systematic disciplined
approach to the planning process on behalf of
participating engineers, planners, and technicians.
Because successful computer operation requires
that all desired operations be completed and. cor
rectly programmed, each watershed study work
element intended for computer utilization mu.st
be examined in its entirety and designed in detail
prior to actually acquiring, collating, and preparing
input data and writing computer instructions.

Second, the digital computer can .. store large
amounts of alphanumerical information, facilita.te
the retrieval and processing of such information,
and accurately perform large numbers ofrepetitive
computations in a very small fraction of the time
required for manual calculation. Because of the
staff time requirements and associated monetary
costs, it would, for example, have been impossible
to manually perform the computations executed
by the digital computer hydrologic-hydraulic water
quality model used in the watershed study. The
principal value of the digital computer's speed,
therefore, is that it facilitates the application of
state-of-the-art analysis methods on a watershed
wide basis.

Third, computer usage results in the basic water
shed study data and information being stored in
a form that is readily manageable and usable
during plan implementation. Computer files and
computer program input data are, relative to other
forms of data and information storage, readily
amended or revised as new or more accurate data
become available subsequent to completion of the
watershed plan.

Economic Evaluation
The concepts of economic analysis and economic
selection are vital to the public planning process.
Sound economic analysis of benefits and costs
should be an important guide to planners and
decisionmakers in the selection of the most suit
able plan from an array of alternatives. All deci
sions concerning monetary expenditures, either
private or public, are implicitly based on an evalua-
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tion of benefits and costs. This is not to imply that
formal economic analysis is made before every
expenditure. The process of decision itself, how
ever, consists of a consideration of whether the
benefit received would be worth the amount paid.
Benefits are not necessarily quantifiable in mone
tary terms and may be purely intangible, but the
very act of expending money-or resources-for an
intangible benefit implies that the benefit is worth
to the purchaser at least the amount spent.

In addition to considering whether a potential
benefit is worth its cost, consideration is given to
possible alternative benefits that could be received
for alternative expenditures within the limits of
available resources. Alternative benefits are com
pared, either objectively or subjectively, and the
one which is considered to give the greatest value
for its cost is selected. Again, the benefits may be
purely intangible; but the decisionmaking process
itself implies an evaluation of which alternative is
considered to be worth the most. When considera
tion is made of investment for future benefits, one
alternative that should always be considered is the
benefit which could be received from investment in
the money market. This benefit is expressed in the
prevailing interest rate.

While implying at least subjective consideration of
benefits and costs, personal and private decisions,
broadly defined, are not necessarily based upon
either formal or objective evaluation of mone
tary benefits and costs. Public officials, however,
have a responsibility to evaluate objectively and
explicitly the monetary benefits and costs of
alternative investments to assure that the public
will receive the greatest possible benefits from
limited monetary resources.

It is, then, a fundamental principle that every
public expenditure should desirably return to
the public a value at least equal to the amount
expended plus the interest income foregone from
the ever-present alternative of public investment.
In other words, the public should receive a value
return from its tax investment at least equal to
what it could receive from private investment.

Therefore, economic analysis is a fundamental
requirement of responsible public planning; and
all plans should desirably promise a return to
the public at least equal to the expenditure plus
interest. It is emphasized that public expenditures
should not be expected to "make money," but
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that they should be expected to return a value
in goods, services, and environmental quality
which is worth to the public the amount expended
plus interest.

Benefit-Cost Analysis: The benefit-cost analysis
method of evaluating government investments
in public works came into general use after the
adoption of the Federal Flood Control Act of
1936. The Act stated that waterways should be
improved "if the benefits to whomsoeverthey may
accrue are in excess of the estimated costs."
Monetary value of benefits has since been defined
as the amount of money which an individual would
pay for that benefit if he were given the market
choice of purchase. Monetary costs are taken as the
total value of resources used in the construction of
the project.

In order to assure that public funds are committed
and expended wisely, alternative plan elements
should be formulated, developed, and analyzed,
and the recommended plan should be selected
from those alternatives which meet watershed
development objectives only after consideration of
the following hierarchy of economic considerations:

1. Benefits, including intangible values, must
exceed costs in order for a project to be
economically justified.

2. An excess of benefits over costs, however, is
not a sufficient criterion on which to base
a watershed plan recommendation; and there
fore, among those alternative plan elements
exhibiting benefit-cost ratios greater than
one, the alternative with the greatest differ
ence between benefits and cost, not the
greatest benefit-cost ratio, will produce the
largest absolute return on the investment.

3. Maximization of benefits minus costs is not,
however, in and of itself, a sufficient cri
terion for selection among alternative plan
elements, since the amount of public funds
available or potentially available, and public
attitudes toward an understanding of a par
ticular plan element, must be considered in
selecting among various plan elements. It
may be politically and financially impossible
to obtain support and funding for a plan
element even though it,among all the
available alternatives, would produce the
greatest return on the investment.



Implementation of a comprehensive plan for the
Pike River watershed could include benefits of
floodland management; recreation; efficient com
munity utilities and facilities; enhancement of
property values; and preservation of recreational,
scenic, cultural, and ecological values. Costs which
could be incurred in implementation of watershed
plans include construction and land acquisition
costs, and income foregone as a result of the
regulation of land use.

There may be situations in which a local com
munity affected by an alternative plan proposal
subjectively evaluates the costs and benefits of that
proposal in a manner differing significantly from
an objective, economically sound analysis of the
costs and benefits. The community may, for
example, because of its subjective interpretation
of benefits and costs, strongly favor an alternative
plan proposal that has an objectively determined
benefit-cost ratio of less than one; or, conversely,
the affected community may oppose an alternative
with a favorable benefit-cost ratio. Adoption and
implementation of areawide plan elements with
objectively determined benefit-cost ratios of less
than one should generally be discouraged, except
possibly in situations where the costs are borne
entirely and equitably by, and with the full knowl
edge and understanding of, the local beneficiaries.

Time Value of Money-Interest: The benefits and
often the costs of construction projects accrue over
long periods of time. Each project or alternative,
public and private, is likely to have a different time
flow of benefits and costs. Benefits of one project
may be realized earlier than those of another while
the time flow of costs may vary from one large
initial investment for one project to small but con
tinuously recurrent expenditures for another. In
order to place these projects with varying time
flows of benefits and costs on a comparable basis,
the concept of the time value of money must
be introduced.

A dollar has a greater value to the consumer today
than does the prospect of a dollar in the future.
Because of this time preference for money, a con
sumer will agree to pay more than one dollar in
the future for one dollar today. Similarly, to an
investor, one dollar in the future is worth less than
one dollar today because he can obtain one dollar
in the future from the investment of less than one
dollar today. By the same reasoning, for public
projects a one dollar cost for a one dollar benefit
at some time in the future has a value of less than

one dollar today. The variation of value of capital,
benefits, and costs with respect to time is expressed
through the mathematics of compound interest.

Use of an interest rate automatically incorporates
consideration of the ever-present possibility of
private investment as an alternative. Low interest
rates tend to yield favorable benefit-cost analyses,
whereas high interest rates tend to render projects
uneconomical, particularly those alternatives that
involve immediate capital expenditures to achieve
a stream of benefits extended over a long period
of time.

To be economical, a project should return to the
public a benefit approximating that which might
be obtained through private investment. Money
invested privately is currently expected to return
generally from 4 to 8 percent interest aft~r taxes.
Since implementation of the watershed plan should
return benefits to the public similar to those which
could be attained through private investment, an
interest rate of 6 percent is recommended for use
in the economic evaluation of plans. The 6 percent
interest rate also approximates the current cost of
money for public works projects.

The benefit-cost analysis for a project must be
based on a specified number of years, usually equal
to the physical or economic life of the project.
Most of the improvements proposed in the Pike
River watershed plan, however, will continue to
furnish benefits for an indefinite time, particularly
in the land use control and park reservation ele~

ments. In indefinite situations such as this, govern
ment agencies have generally selected 50 years for
the period of economic analysis and this period is
recommended for the Pike River watershed alter
native plans.

Using a 6 percent interest rate, benefits accrued
after 50 years, when discounted to the present
are very small. For example, given a uniform
annual benefit of one dollar, the total present
worth of the entire 50-year period, from year 51
through year 100, would be only $1.00. The total
present worth of the benefits for the 50-year
period, from year one through 50, however, would
be almost $16.

A final reason for using a 50-year period as a basis
for benefit-cost analysis is the inability to anticipate
the social, economic, and technological changes
which may occur in the more distant future and
which may influence project benefits and costs.
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Project Benefits: The benefits from a project can
be classified as tangible, or measurable in monetary
terms, and intangible. Intangible benefits either
are of such a nature that no monetary value can be
assigned to them, or are so obscure that calculation
of the monetary value is impracticable. In the
Pike River watershed planning studies, tangible
benefits might include flood damage reduction,
enhancement of property values, and those parts
of recreation and water quality management to
which a monetary value can be assigned. Intangible
benefits include aesthetic factors deriving from
natural beauty and a pleasant environment. Intan
gibles also include benefits, such as improved
efficiencies in community utilities and facilities,
that have monetary values but which are imprac
ticable to calculate. The exact procedures used
to compute benefits commensurate with alterna
tive plans are discussed later in this report in con
junction with the description of alternative plan
synthesis and testing.

Project Costs: The direct costs of water resource
development include the construction costs of
physical elements of the plan; the cost of acquiring
land; plus expenditures for engineering, legal work,
and project administration. Costs of structural
facilities were calculated using 1980 unit prices,
which reflect the magnitude of work, the location
in the urban region, and regional labor costs. The
cost of land acquisition was based on 1980 market
prices for land in the Pike River watershed.

Relationship of Economic and Financial Analysis:
The distinction between economic feasibility and'
financial feasibility is of particular importance
in the consideration of the costs of land already
under public ownership. A financial analysis
involves an examination of the liquidating charac
teristics of the project from the point of view of
the particular government agency undertaking the
project. The relevant matters are the monetary dis
bursements and monetary receipt of the project.
The financial analysis determines whether or not
the prospective available funds are adequate to
cover all of the costs.

On the other hand, and as described above, an
economic analysis determines if the project bene
fits to whomsoever they accrue exceed the costs
to whomsoever they accrue. Since one of the legi
timate objectives of government is to promote
the general welfare, it is necessary to consider the
effect of a proposed project on all of the people
who may be affected, not just on the income and
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expenditures of a particular agency. The economic
valuation of the benefits and costs may differ
considerably from the actual income and expendi
tures of a government agency.

Staged Development: An attractive feature· of
many water resource developments is their divisi
bility into several individual projects which may be
financed and built at different times. Staged con
struction permits lower initial capital investments,
reduces interest costs, and allows for flexibility of
continued planning. Staging developments may
also allow deferring of an element until increased
demands raise its benefit-cost ratio. In planning
for staged development, however, consideration
must be given to the possibilities of higher costs
in the future and the possible unavailability of
land. In any development, staging also serves to
lower risks incurred through unavailability .of data
during preparation and partial implementation of
initial plans.

SUMMARY

The process of formulating objectives and stan
dards to be used in plan design and evaluation is
a difficult but necessary part of the planning
process. It is readily conceded that regional and
watershed development plans must advance devel
opment proposals which are physically feasible,
economically sound, aesthetically pleasing, and
conducive to the promotion of public health
and safety. Agreement on development objectives
beyond such generalities, however, becomes more
difficult to achieve because the definition of
specific development objectives and supporting
standards inevitably involves value judgments.
Nevertheless, it is essential to state such objectives
for watershed planning purposes and to quantify
them, insofar as possible, through standards in.
order to provide the framework within which
watershed plans can be prepared.

Moreover, so that the watershed plans will form
an integral part of the overall long-range plans
for the physical development of the Region, the
watershed development objectives must be com
patible with, and dependent upon, regional devel
opment objectives while meeting the primary
watershed development objectives. Therefore, the
watershed development objectives and supporting
principles and standards set forth herein are based
upon, and incorporated in, previously adopted
regional development objectives, supplementing
these only as required to meet the specific needs of



the Pike River watershed planning program. The
adopted development objectives for the watershed
plan consist of all of the eight adopted regional
land use planning objectives, of all of the five
adopted water quality management planning objec
tives, of three of the seven adopted regional park
and open space planning objectives, and of two of
the four water control facility objectives adopted
under previous Commission comprehensive water
shed planning studies.

In addition to presenting and discussing the objec
tives, principles, and standards adopted for the
Pike River watershed, this chapter also presents
the engineering design criteria and analytic proce
dures used in the watershed study. These criteria
and procedures were used to synthesize a Pike

River watershed plan capable of meeting the study
objectives, and were applied in the inventory and
analysis of data, in the synthesis and testing of
alternative plan subelements, and in the making of
economic comparisons between those subelements.

The selected design criteria and analytic proce
dures include watershed rainfall intensity-duration
frequency relationships, recommended storm sewer
design procedures, a flood discharge-frequency
analysis technique, and selection of the design
flood for the floodland management element of
the watershed study. Digital computer utilization
and economic evaluation are also discussed in this
chapter inasmuch as they relate to important
analytic procedures utilized in the preparation of
the watershed plan.
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Chapter XI

RECOMMENDED LAND USE PLAN AND RECOMMENDED
PARK AND OPEN SPACE PLAN FOR THE WATERSHED

INTRODUCTION

The demographic and economic base and the exist
ing land use pattern of the Pike River watershed
were described in Chapter III of this report. Fore
casts of probable future population and economic
activity levels, together with attendant demands
for various land uses within the watershed, were
set forth in Chapter IV of this report. The resi
dent population of the watershed was forecast to
increase from the 1970 level of about 24,200, to
a year 2000 level of about 56,300 persons, an
increase of about 132 percent over the 30 year
period. Employment within the watershed was
forecast to increase from the 1970 total of about
8,300 jobs, to a year 2000 total of about 25,200
jobs, an increase of about 204 percent. This growth
in population and employment will require an
increase in the amount of land devoted to urban
uses within the watershed from about 11.8 square
miles in 1970 to about 29.3 square miles in 2000,
an increase of about 148 percent. The demand for
urban land will have to be satisfied primarily
through the conversion of some of the remaining
agricultural and other open lands of the water
shed from rural to urban uses. This conversion,
if unplanned or poorly planned and if not prop
erly related to the natural resource base, may be
expected to further intensify the developmental
and environmental problems of the watershed.

It is accordingly important that new urban devel
opment within the watershed be properly related
to soil capabilities; to the wetlands and woodlands
of the watershed; to the floodlands of the Pike
River system; and to established utility systems. If
the intensification of developmental and environ
mental problems is to be avoided and the serious
problems of flooding and water pollution .already
existing within the Pike River watershed are to be
abated, new urban development within the water
shed must be directed into a more orderly and
efficient pattern which is carefully adjusted to the
ability of the underlying and sustaining natural
resource base to support such development. A land
use plan must, therefore, constitute a major ele
ment of any comprehensive plan for the develop
ment of the Pike River watershed. This land use

plan element, although emphasizing the riverine
areas of the watershed, must cover the entire
watershed, and should represent the basic approach
to resolution of the growing developmental and
environmental problems of the watershed. The
land use plan element and any structural water
control facility plan elements for flood control and
pollution abatement should be mutually suppor
tive, in that land use development will determine
to a considerable extent the loading on the water
control facilities, while those facilities will, in turn,
influence land use development, particularly in the
riverine areas of the watershed.

Regional Land Use Plan
Because in a large urbanizing region, such as south
eastern Wisconsin, the socioeconomic factors that
determine growth operate on an areawide basis,
transcending both political and natural water
shed boundaries, a land use plan for a watershed
within such an urbanizing region must be set
within the framework of an areawide-or regional
land use plan.

The first regional land use plan for southeastern
Wisconsin was adopted by the Regional Planning
Commission in 1966 and had a design year 1990.
In 1977, that plan was refined by the Commission
and updated to the design year 2000. The new year
2000 regional land use plan has been formally
adopted by the County Boards" of Racine and
Kenosha Counties. The watershed land use plan
recommended herein is accordingly set within the
context of, and reflects the concepts contained
in, the revised and updated regional land use plan
for the design year 2000. The new regional land
use plan is fully documented in SEWRPC Plan
ning Report No. 25, A Regional Land Use Plan and
a Regional Transportation Plan for Southeastern
Wisconsin: 2000, Volume Two, Alternative and
Recommended Plans. The new regional land use
plan, like the initial regional land use plan, seeks to
encourage the centralization of urban development
to the greatest degree practicable; to encourage
new urban development to occur in locations and
at densities consistent with the economical provi
sion of public centralized sanitary sewer, water
supply, and mass transit facilities and services; and
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to encourage new urban development to occur
only in areas which are covered by soils well suited
to urban use and which are not subject to special
hazards such as flooding.

Importantly, the plan seeks to protect and preserve
in essentially natural open uses the primary envi
ronmental corridors of the Region. These pri
mary environmental corridors, constituting about
20 percent of the total area of the Region, encom
pass the best remaining woodlands, wetlands, wild
life habitat areas, surface waters and associated
undeveloped floodlands and shorelands; areas
,covered by organic soils; areas of rough topography
and/or those which contain significant geological
formations; sites having scenic, scientific, and cul
tural value; areas of ground water recharge and
discharge; and the best remaining potential park
and related open space sites. Protection and preser
vation of the primary environmental corridors is
considered essential to the protection and wise use
of the natural resource base; to the preservation of
the cultural heritage and natural beauty of the
Region; and to the enrichment of the physical,
intellectual, and spiritual development of the
resident population; as well as being necessary to
the prevention of new and/or the intensification of
existing developmental and environmental prob·
lems, such as flooding and water pollution. The
topography, soils, and flood hazards existing in
these corridors, moreover, make these corridors
poorly suited to intensive urban development of
any kind, but well suited to recreational and
conservancy uses. Importantly, the regional land
use plan also proposes to preserve to the greatest
extent practicable those areas of the Region
identified as prime agricultural lands and to con
vert to urban use only those prime agricultural
lands that have already been, in effect, committed
to urban development due to the proximity of
existing and expanding concentrations of urban
uses and to the prior commitment of heavy capital
investments in utility extensions.

While the adopted regional land use plan forms the
basis for the watershed land use plan as herein
presented, it should be noted that in the prepara
tion of the watershed land use plan, the regional
land use plan was refined and detailed to reflect
the flood hazard in the riverine areas of the water
shed as determined under the watershed planning
program, to reflect recent local development deci
sions with respect to major trunk sewer locations,
and to reflect the proposals contained in existing
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community and neighborhood development plans
and plan implementation ordinances. The regional
land use development objectives, which the regional
land use plan is designed to meet, are set forth in
SEWRPC Planning Report No. 25 and have been
judged to remain valid and attainable within the
context of the more detailed watershed develop
ment plan. These revised regional land use develop
ment objectives and the supporting principles and
standards were made on the basis of the watershed
land use development objectives, principles, and
standards as set forth in Chapter X of this report.

Regional Park and Open Space Plan
Following completion of the new year 2000
regional land use plan in December 1977, the
Regional Planning Commission in 1978 completed
and adopted a regional park and open space plan.
This plan is fully documented in SEWRPC Planning
Report No. 27, A Regional Park and Open Space
Plan for Southeastern Wisconsin: 2000, and con
tains recommendations which, while coordinated
with the recommendations in the adopted regional
land use plan, represent refinements of those rec
ommendations and, as such, should also. provide
a part of the basic framework for the watershed
land use plan.

The regional park and open space plan is composed
of two principal elements-an open space preserva
tion plan element and an outdoor recreation plan
element. The open space preservation plan element
contains specific recommendations for the preser
vation of the remaining primary environmental
corridors of the Region through appropriate com
binations of public acquisition and land use regula
tion. The outdoor recreation element is composed
of two components: a resource-oriented outdoor
recreation component containing recommenda-.
tions for the location, size, and development of
large parks and recreation corridors within the
Region, and an urban-oriented recreation compo
nent containing recommendations concerning the
location, size, expansion and development of com
munity and neighborhood parks within the urban
areas of the Region. In the preparation of the land
use plan for the Pike River watershed, the recom
mendations of the regional park and open space
plan were incorporated into the watershed plan,
with such refinements as necessary to reflect the
most recent public actions concerning the acquisi
tion and development of park and open space sites
within the watershed.



Figure 51

EXISTING AND PROPOSED LAND USE
IN THE PIKE RIVER WATERSHED
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Residential Land Use
As indicated in Table 81, about 12 percent of the
total area of the watershed is presently devoted to
residential use. About 8.7 square miles is proposed
to be added to the existing stock of residential land

land use in the watershed in 1970 totaled about
11.8 square miles, or about 22.9 percent of the
total area of the watershed. This demand for urban
land will have to be satisfied primarily through the
conversion of some of the remaining agricultural
and other open lands of the watershed from rural
to urban uses. Such rural land uses may be expected
to decline collectively from about 37.2 square miles
in 1975 to about 22.2 square miles in the year
2000, a decrease of over 40 percent in the 1975
2000 time period.

The land use plan emphasizes continued reliance
on the urban land market to determine the loca
tion, intensity, and character of future develop
ment within the Region and the watershed for
residential, commercial, and industrial land uses.
It does, however, propose to regulate in the public
interest the effect of this market on development
in order to provide for a more orderly and eco
nomical land use pattern and in order to avoid the
intensification of developmental and environmental
problems within the Region and the watershed. This
land use plan is shown in graphic summary form on
Map 44 and in Figure 51 and is more specifically
described in the following sections of this chapter.

WATERSHED LAND USE PLAN

In order to meet the needs of the anticipated
growth in population and employment, the
amount of land devoted to urban use within the
watershed, as indicated in Table 81, was ·pro
jected to increase from the 1975 total of about
14.3 square miles, or about 28 percent of the total
area of the watershed to 29.3 square miles, or
about 57 percent of the total area of the water
shed, by year 2000. As previously noted, urban

As already noted the regional land use and park
and open space plans for the design year 2000
form the basis for the recommended land use plan
for the Pike River watershed. This recommended
land use plan would meet the social, physical, and
economic needs of the future watershed popula
tion by allocating sufficient land to each of the
various major land use categories to satisfy the
known and anticipated demand for each use,
meeting both the demands of the urban land
market and the land use plan design standards
developed for the revised and updated regional
land use plan. Under the recommended regional
land use plan, the allocation of future land uses
within each county of the Region is such as to
meet the demand for land which may be expected
to be created by the forecast population and
employment growth within each county through
the plan design year 2000. The land use plan seeks
to protect and enhance the natural resource base of
the Region and the watershed and allocates new
urban development only to those areas of the
Region and watershed that are covered by soils
well suited to such development, that are not
subject to special hazards such as flooding, and
that can be readily provided with gravity drainage
sanitary sewer, public water supply, and urban
mass transit services.
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Map 44 I
RECOMMENDED LAND USE AND PARK AND OPEN·

SPACE PLAN FOR THE PIKE RIVER WATERSHED: 2000

The regional land use plan for the year 2000 forms the
recommended land use base'for the Pike River water
shed. This land use base would meet the social, physical,
and economic needs of the future watershed population
by allocating sufficienlland to eaeh of the various major
land use categories to satisfy the known and anticipated
demand for each use. About 14 square miles, or 28 per
cent of the watershed, are presently devoted to urban
land uses. The recommended land use base would
accommodate the anticipated demand for urban land
uses through conversion of about 15 square miles of
land to urban use by the year 2000. Recommendations
ror the acquisition, development, and maintenance of
park and open space land and facilities in the watershed
are related to and represent refinements of the land use
plan for the watershed. Ineluded in the recommenda
tions for the Pike River watershed are the protection
and preservation of important natural resource features
and the provision of additional needed outdoor recrea
tion sites and facilities.
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Table 81

EXISTING AND PROPOSED LAND USE IN THE PIKE RIVER WATERSHED: 1975 AND 2000

Existing 1975 Planned Increment Total 2000

Percent Percent Percent Percent
Square of Major of Square Percent Square of Major of

Land Use Category Miles Category Watershed Miles Change Miles Category Watershed

Urban
Residential

High-Density. . . . . . . . . ... 0.02 0.1 a 0.02 0.1 a-- -- -- .-
Medium-Density. . . . . . . . . . 0.33 2.3 0.6 13.18 3,993.9 13.51 46.2 26.3
Suburban and Low-Density ... 5.94 41.7 11.6 -4.53 -76.3 1.41 4.8 2.8

Subtotal 6.29 44.1 12.2 8.65 137.5 14.94 51.1 29.1

Commercial. . . . . . . . . . . . . . 0.23 1.6 0.4 0.13 56.5 0.36 1.2 0.7
Industrial . . . . . . . . . . . . . . . 0.70 4.9 1.4 2.27 324.3 2.97 10.2 5.8
Governmental and Institutional .. 1.02 7.2 2.0 0.25 24.5 1.27 4.3 2.5
Transportation, Communication,

and Utilities ............. 4.82 33.8 9.4 3.38 70.1 8.20 28.0 15.9
Recreational ............. 1.20 8.4 2.3 0.32 26.6 1.52 5.2 2.9

Subtotal 7.97 55.9 15.5 6.35 79.7 14.32 48.9 27.8

Urban Total 14.26 100.0 27.7 15.00 105.2 29.26 100.0 56.9

Rural
Agricultural

Prime Agricultural ........ 19.27 51.9 37.5 - 5.23 - 27.1 14.04 72.9 27.3
Other Agricultural ........ 12.99 34.9 25.3 -8.47 -65.2 4.52 20.4 8.8

Other Open Lands. . . . . ..... 4.90 13.2 9.5 -1.30 - 26.5 3.60 16.2 7.0

Rural Total 37.16 100.0 72.3 -15.00 -40.4 22.16 100.0 43.1

Pike River Watershed Total 51.42 -- 100.0 - - -- 51.42 -- 100.0

aLess than 0.05 percent.

Source: SEWRPC.

in the watershed between the years 1975 and
2000. This new urban development is proposed to
occur primarily at medium population densities,
with lot sizes ranging from approximately 6,000
square feet to about one-half acre per dwelling
unit, and with gross residential population densities
ranging from about 3,300 to 9,200 persons per
square mile.

In 1975, about 19 percent of the total area of the
watershed and approximately 85 percent of the
total resident population of the watershed were
served by public sanitary sewerage facilities. By
2000, with the exception of small enclaves of
scattered low-density residential developments in
rural areas of the watershed, virtually all of the
urban areas within the watershed are proposed to
be served by public sanitary sewerage facilities.

Retail Service Land Use
In addition to some neighborhood, community and
highway-oriented commercial areas, a small portion
of one regional commercial center-Elmwood Plaza
located in the southern portion of the City of
Racine-presently exists within the watershed. By
the year 2000 this regional commercial center is
proposed to be replaced by a new regional com
mercial center to be located at the intersection of
STH 11 and STH 31. Only a portion of this new
site would be located within the watershed.

Industrial Land Use
Land devoted to industrial activity would continue
to increase primarily in two regional industrial
centers-Mt. Pleasant West, located just east of the
Village of Sturtevant in the Town of Mt. Pleasant
and Kenosha West, located west of the City of
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Kenosha in the Towns of Somers and Pleasant
Prairie. Under the Pike River watershed plan, the
amount of land used for industrial purposes is pro
posed to be increased by about 2.3 square miles,
from about 0.7 square mile in 1975 to about
3.0 square miles in 2000, an increase of about
324 percent.

Governmental and Institutional Land Use
As indicated in Table 81, the land use plan envi
sions an increase of approximately 0.3 square mile
in governmental and institutional land uses, an
increase of about 25 percent over the plan design
period. A major university is located in the study
area-the University of Wisconsin-Parkside-in the
Town of Somers, Kenosha County, about two
miles west of Lake Michigan and one and one-half
miles south of the Racine-Kenosha County line. In
addition, much of the Carthage College campus in
the City of Kenosha, Kenosha County, is located
within the watershed.

Transportation, Communication,
and Utility Facility Land Uses
Transportation and related activities are inherently
large consumers of land and along with residential
lands represent the most intensive type of urban
development in the watershed. As indicated in
Table 81, transportation, communication, and
utility facility land uses in the watershed may be
expected to increase by about 3.4 square miles, or
by about 70 percent, over the plan design period.
This is due to the expansion of the Kenosha Muni
cipal Airport, as well as the need for additional
land access, collector, and arterial streets to serve
planned urban development.

Recreational Land Use
As indicated in Table 81, the plan envisions recrea
tional land uses in the watershed to increase by
about 0.3 square mile, or by 27 percent, from
1.2 square miles in 1975, to 1.5 square miles in
2000. One major public outdoor recreation center,
Petrifying Springs County Park is located in the
watershed, just north of the City of Kenosha in
the Town of Somers. A description of recom
mended park and open space reservation and
development actions is presented in a later section
of this chapter.

Agricultural and Other Open Land Uses
The previously described increases in urban land
uses in the watershed by the year 2000 would
result in a corresponding decrease in agricultural
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and other rural and related open land uses. The
existing stock of such land within the watershed
could, therefore,.be expected to decrease from
about 37 square miles in 197{), to about 22 square
miles in 2000. Thus, by the year 2000, about
43 percent of the total area of the watershed
would remain in agricultural and other open land
uses. Concurrently with the preparation of the Pike
River watershed plan, and subsequent to the prepa
ration of the regional land use and park and open
space plans, the Regional Planning Commission in
cooperation with the Racine and Kenosha County
Boards prepared agricultural land preservation plans
for Racine and Kenosha Counties. These plans serve
as refinements of the adopted regionallarid use and
park and open space plans and are documented in
SEWRPC Community Assistance Planning Report
No. 45, A Farmland Preservation Plan for Kenosha
County, Wisconsin, and SEWRPC Community
Assistance Planning Report No. 46, A Farmland
Preservation Plan for Racine County, Wisconsin.'
Under these agricultural land preservation plans, it
was recognized that certain agricultural lands adja
cent to the Cities of Racine and Kenosha were
committed to ultimate conversion to urban use. It
was recommended that the remaining lands identi
fied as prime agricultural lands be maintained in
agricultural use and protected through public land
use regulation. As indicated in Table 81, there were
19.3 square miles of prime agricultural lands iden
tified in the Pike River watershed in 1980. Of
these prime agricultural lands, about 5.2 square
miles, or 27 percent, would be converted to urban
land uses while the remaining 14.0 square miles,
or 73 percent would be maintained in agricul
tural use and protected through appropriate land
use regulations.

Open Space Preservation Plan Element
The. proposed land use plan recommends the pres
ervl?tion in essentially natural, open uses of all
remaining environmental corridor lands within the
watershed. As shown on Map 44, primary environ
mental corridors within the watershed encompass
about 1,189 acres of land along the main stem of
the Pike River from the area within and adjacent
to Petrifying Springs County Park located in the
Town of Somers in Kenosha County to the mouth
of the Pike River located in the City of. Kenosha.
Under the regional park and open space plan, it is
recognized that existing private as well as public
outdoor recreation and related open space lands
comprise a significant part of. the primary environ
mental corridor and, in effect, help to protect the
corridor. It is. therefore, recommended that such



Table 82

PRESERVATION OF NATURAL RESOURCE FEATURES IN THE PIKE RIVER WATERSHED: 2000

Primary Environmental Corridors Secondary Environmental Corridors Isolated Natural Areas

Recommended for Recommended for

Existing Existing Preservation Existing Preservation

Existing Compatible Proposed Existing Compatible Through Existing Compatible Through

Public Nonpublic Public Public Nonpublic Public Land Use Public Nonpublll: Public Land Use

Civil Ownership Ownership Ownership Ownership Ownership Regulation Ownership Ownership Regulation

Division (acres) (acres) (acres) (acres) (acres) (acres) (acres) (acres) (acres)

Kenosha County
City of Kenosha ....... 70 43 14 0 0 0 0 0 6

Town of Pleasant Prairie .. 0 0 0 0 0 161 0 0 36

Town of Somers ....... 369 95 598 0 8 143 16 0 172

Kenosha Subtotal 439 138 612 0 8 304 16 0 214

Racine County
City of Racine ........ 0 0 0 0 0 0 0 0 12

Town of Mt. Pleasant .... 0 0 0 4 0 280 84 0 293
Village of Elmwood Park .. 0 0 0 0 0 0 0 0 18

Village of Sturtevant..... 0 0 0 0 0 0 0 0 17

Racine Subtotal 0 0 0 4 0 280 84 0 340

Total 439 138 612 4 8 584 100 0 554

NOTE: 1975 is base year for existing conditions.

Source: SEWRPC.

public and private outdoor recreation and related
open space lands be maintained for resource pres
ervation and limited recreation purposes. It is also
recommended that the remaining primary environ
mental corridor lands be acquired through outright
purchase using pUblic funds. As shown in Table 82,
of the total 1,189 acres of primary environ
mental corridor lands in the Pike River watershed,
439 acres, or 37 percent, are presently held in
public ownership, while 138 acres, or 11 percent,
are held in compatible nonpublic outdoor recrea
tion uses. As further shown in Table 82, under the
regional park and open space plan and the water
shed plan, the remaining 612 acres, or 52 percent,
would be acquired over the plan design period at
an estimated cost of about $2,056,000, expressed
in 1980 dollars. Actual costs for purchase of corri
dor lands could be expected to range from about
$500 per acre, for wetlands located in rural por
tions of the watershed, to about $14,000 per acre,
for upland woodlands located in urbanizing areas
of the watershed.

The secondary environmental corridors in the Pike
River watershed are located along the main stem of
the Pike River through the Town of Mt. Pleasant
and upstream from the primary environmental
corridors within and adjacent to Petrifying Springs
County Park; along Pike Creek, in the Towns of
Somers and Pleasant Prairie, also upstream from

the primary environmental corridor within and
adjacent to Petrifying Springs County Park; and
along several intermittent streams tributary to the
main stem of the Pike River located in the Towns
of Mt. Pleasant and Somers (see Map 44). As in the
case of primary environmental corridor lands, it is
recommended that the secondary environmental
corridor lands which are presently held in public
park and open space use, or in compatible private
park and related open space use, be maintained in
such ownership. Those secondary environmental
corridor lands not presently held in public or
private park and related open space use are recom
mended to be considered for preservation and
protection through interim land use regulation and
ultimate public acquisition as drainageways and
other urban open spaces. It is important to note
in this respect that, in urban areas, secondary envi
ronmental corridor lands may serve as particularly
suitable locations for necessary local urban park
and open space lands. Thus, public acquisition of
secondary environmental corridor lands may be
appropriate, particularly when the opportunity is
presented to incorporate such corridors into urban
storm water detention areas, associated drainage
ways, and neighborhood parks.

As shown in Table 82, of the 596 acres of secon
dary environmental corridors in the watershed,
only four acres, or less than 1 percent, are pres-
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ently held in public park and open space uses,
while only eight acres, or 1 percent, are held in
compatible nonpublic outdoor recreation and
related open space uses. The remaining 584 acres,
or 98 percent, would be, protected through public
land use regulation, and, as more detailed drainage
and neighborhood unit planning and design pro
ceeded, would be considered for public acquisition
through purchase and/or dedication.

In addition to the primary and secondary envi
ronmental corridors, other, smaller concentra
tions of natural resource base elements exist within
the watershed area as shown on Map 44. These
concentrations are isolated from the remaining
environmental corridors by urban development
or agricultural uses, and, although separated from
the environmental corridor network, such isolated
natural features may have important natural values.
It is recommended that such areas be preserved
in essentially natural, open uses whenever pos
sible. Those isolated natural areas currently held
in public or compatible nonpublic outdoor recrea
tion and open space use would be maintained in
such uses, while the remaining isolated natural
areas would be protected through public land use
regulation. As in the case of secondary environ
mental corridors, it is important to note that in
urban areas, isolated natural areas may serve as
particularly suitable locations for necessary local
urban park and open space lands; and public acqui
sition of isolated natural areas may be appropriate,
particularly when the opportunity is presented
to incorporate such areas into urban storm water
detention areas or neighborhood parks. As indi
cated in Table 82, of the 654 acres of isolated
natural areas in the watershed, 100 acres, or 15 per
cent, are held in public ownership. The remaining
554 acres, or 85 percent, would be protected
through public land use regulation, and, as more
detailed drainage and neighborhood unit plan
ning and design proceeded, would be consid
ered for public acquisition through purchase
and/or dedication.

It should be noted that storm water detention areas
may, in addition to their primary function as flood
control facilities, have multiple use potential. These
areas can, for example, be utilized for recreational
and other open space uses during most of the year
due to the infrequency of major flood events, and
the normally short period of inundation. Suitable
recreation uses include playfield activities, picnick
ing, nature study, and other passive recreational

352

pursuits that do not require the construction of
facilities for intensive recreational activities which
could be damaged during a flood event. As of
1980, for example, the Mt. Pleasant Drainage Dis
trict No.1 had reserved about 175 acres of land
which, while used for storm water detention, could
also be used for recreational purposes. Generally,
such sites should be leased or dedicated to an
agency with responsibility for the provision of park
and outdoor recreation facilities and services such
as the county, retaining an easement for storm
water retention.

Outdoor Recreation Plan Element
The outdoor recreation plan element for the Pike
River watershed is composed of: 1) a resource
oriented outdoor recreation component containing
recommendations concerning the number and
locations of large parks and recreation corridors;
and 2) an urban-oriented outdoor recreation com
ponent containing recommendations to guide the
public provision of needed local parks within
urban areas.

Large Parks and Recreation Corridors: Type I and
Type II parks are defined by the Commission as
large, public, general-use outdoor recreation sites
which provide opportunities for such activities as
camping, golfing, picnicking, and swimming; which
have a large area; and which contain significant
natural resource amenities. Type II parks are
defined to range in area from 100 to 249 acres,
while Type I parks are defined to range in area
from 250 acres up. Type I and Type II parks gen
erally attract users from relatively long distances
and serve persons of all age groups residing in both
urban and rural areas. Type II parks typically pro
vide a more limited variety of recreational facili
ties than in Type I parks and have a smaller area
devoted to any given activity.

In 1980 there was one existing Type I park within
the Pike River watershed-Petrifying Springs
County Park. As shown on Map 44, Petrifying
Springs County Park is located in the Town of
Somers in Kenosha County, and the plan recom
mends the continued maintenance of this facility.
In addition, it is recommended that Sanders Park,
an existing 80-acre Type III park owned by Racine
County and located in the southern portion of the
Town of Mt. Pleasant, be expanded to the size
required for a Type II park through the acquisi
tion of 40 additional acres at an estimated cost
of $188,000.



A recreation corridor is defined by the Commission
as a publicly owned ribbon of land at least 15 miles
in length located through areas of scenic, scientific,
historic, or natural interest that contains trails
marked and maintained for such activities as hiking
and biking. As shown on Map 44, a recreation
corridor segment is proposed to be located along
the main stem of the Pike River from Petrifying
Springs County Park to Lake Michigan, where the
recreation corridor would traverse the parks along
the Lake Michigan shoreline in the City of Kenosha.
In addition, this proposed recreation corridor seg
ment would be linked to the Kenosha-Racine
County bike trail, which is located on the aban
doned Chicago, North Shore & Milwaukee Railway
Company right-of-way. This recreation corridor
segment would eventually be linked to a recreation
corridor proposed to be located along the Root
River in Racine County. In urban areas where envi
ronmental corridors or separate bike trails may not
exist, the corridor would link various larger parks
by utilizing existing streets. Recreation corridors
through golf courses would not bisect the golf
course proper but would most likely follow the
perimeter of the course both to minimize disrup
tion of players on the golf course and to maximize
safety of hikers and bicyclists utilizing the recrea
tion corridor. The recreation corridor along the
Pike River is proposed to be approximately seven
miles in length; and, along with the existing five
mile Kenosha-Racine County bike trail along the
abandoned Chicago, North Shore & Milwaukee
Railway Company right-of-way, a total of approxi
mately 12 miles of recreation corridor providing
trails for such activities as hiking and biking would
be provided within the Pike River watershed at an
estimated development cost of $220,500. Costs for
the provision of a hiking and biking trail range
from $22,500 per lineal mile for the provision of
a compacted limestone surface in rural areas of the
watershed, to $53,600 per lineal mile for a paved
bituminous surface in urban portions of the water
shed. It should be noted that the recreation corri
dor segments would be located within the primary
environmental corridor lands proposed for public
acquisition under the open space preservation plan;
and, therefore, no additional land acquisition costs
would be incurred for the provision of recreation
corridor lands.

Urban Parks and Facilities: In contrast to Type I
and Type II parks, Type III and Type IV general
use outdoor recreation sites depend more upon
the characteristics of the urban area to be served
than on the underlying natural resource base

amenities. Type III general-use sites, by definition,
range in size from 25 to 99 acres, while Type IV
general-use sites are under 25 acres in area. Type III
and Type IV general-use sites, which typically
provide opportunities for intensive, nonresource
oriented outdoor recreation activities such as base
ball, basketball, ice skating and tennis, generally
attract users from a relatively small service area and
are provided primarily to meet the outdoor recrea
tion demand of residents of urban areas.

In 1980 there were two Type III general-use out
door recreation sites within the Pike River water
shed-Sanders Park, with an area of about 80 acres,
which is owned by Racine County and located in
the Town of Mt. Pleasant, and Poerio Park, with an
area of about 70 acres, which is owned by the City
of Kenosha. As previously noted, the plan recom
mends the expansion of Sanders Park to the size
required for a Type II park. In addition, the plan
element recommends the development of facilities
at Poerio Park and the acquisition and develop
ment of two additional Type III general-use out
door recreation sites in the Pike River watershed.
As shown on Map 44, one additional Type III site
is proposed to be located between the existing
Village of Sturtevant and the City of Racine in the
Town of Mt. Pleasant in Racine County, and the
other Type III site is proposed to be located west
of the City of Kenosha in the Town of Pleasant
Prairie in Kenosha County.

As shown on Map 44, there were in 1980 four
developed Type IV general-use outdoor recreation
sites within the Pike River watershed: Petzke Park
with an area of about 10 acres, and Petretti Park
with an area of about eight acres, which are owned
by, and located in, the City of Kenosha; Somers
Athletic Field with an area of about seven acres,
which is owned by the Town of Somers and located
adjacent to the Somers Town Hall; and Stuart
McBride Park, with an area of about 15 acres,
which is owned by the Town of Mt. Pleasant. The
outdoor recreation plan element recommends the
continued maintenance of these parks.

The outdoor re~reation plan element also recom
mends the provision of 10 additional Type IV
general-use outdoor recreation sites in the Pike
River watershed. These 10 additional sites would
be located in the areas of the watershed proposed
to be converted to urban development by the plan
design year 2000. As shown on Map 44, five addi
tional Type IV sites would be located adjacent to
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the City of Kenosha in the Town of Somers; one
additional Type IV site would be located in the
general vicinity of CTH E in the proposed urban
area in the western portion of the Town of Somers;
one additional Type IV site would be located in
the northern portion of the Village of Sturtevant;
one additional Type IV site would be located in
the Village of Elmwood Park; and the remaining
two additional Type IV sites would be located
west of the City of Racine in the Town of Mt. Plea
sant. The 10 Type IV sites and the two Type III
sites would have a combined total area of about
206 acres. The total acquisition cost of these parks
is estimated at $720,000. 1

The regional park and open space plan also includes
recommendations concerning the type and quan
tity of urban outdoor recreation facilities which
should be provided to meet the existing and prob
able future recreation needs of residents of urban
areas. In comparison to the resource-oriented rec
reation sites and facilities, nonresource-oriented
facilities-including baseball diamonds, basketball
courts, ice skating rinks, playfields, playgrounds,
softball diamonds, and tennis courts-rely less
heavily on natural resource amenities; generally
serve a greater need; are provided in urban rather
than rural areas; and have a relatively smaller ser
vice radius.

1 Under the regional park and open space plan,
those Type IV parks located in residential areas
planned for development between 1975 and the
plan design year 2000 would be acquired through
the subdivision dedication process, and no public
expenditure for such sites would be required.
Type III parks and those Type IV parks proposed
to be located within or immediately adjacent to
existing residential development would be pur
chased by local units and agencies of government.
Two additional Type III parks, each 45 acres in
area, would be acquired at an estimated cost of
about $396,000, or about $4,400 per acre, and
three Type IV parks, each six acres in area, would
be acquired at an estimated cost of about $324,000,
or about $18,000 per acre. The other seven pro
posed Type IV parks may be expected to be
obtained through dedication so that there should
be no acquisition costs associated with the provi
sion of these parks.
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All of the new intensive nonresource-oriented out
door recreation facilities proposed under this plan
element for the Pike River watershed would be
developed on existing or proposed additional
Type III and Type IV park lands. Although the
type and quanitity of these facilities proposed for
the watershed would be determined through a joint
effort by the school districts and local community
recreation agencies based on a more detailed study
of community and neighborhood needs, facility
development costs were estimated using the
regional park and open space plan.2 The total
urban park facility development costs in the urban
parks in the Pike River watershed are estimated
at $1,815,000, expressed in 1980 dollars. This
estimate includes the development costs for inten
sive nonresource-oriented facilities-for example,
softball diamonds, tennis courts, and playfields---as
well as the support facilities-for example, rest
room facilities and parking spaces-directly related
to the recommended facilities for the two Type III
and 10 Type IV sites proposed for acquisition and
development within the watershed.

SUMMARY

The adopted design year 2000 regional land use
and park and open space plans form the basis for
the recommended land use and park and open
space plans for the Pike River watershed. These
plans propose to meet the social, economic, and
physical needs of the existing and future resident
population of the watershed by allocating suffi
cient land to each of the various land use categories
to satisfy the existing and anticipated demand for
each use, meeting both the demands of the urban
land market and the land use development objec
tives and supporting standards developed for the
regional land use and park and open space plans.
These plans would seek to protect and enhance the
natural resource base of the watershed by allo
cating new urban development only to those areas
within the watershed that are covered by soils
well-suited to such development that are not sub-

2A description of the methodology for the deter
mination of urban park facility development costs
is presented in SEWRPC Planning Report No. 27,
A Regional Park and Open Space Plan for South
eastern Wisconsin: 2000, Chapter XIII.



ject to special hazards such as flooding, and that
can be readily and economically provided with
sanitary sewer, public water supply, and urban
mass transit services.

In order to meet the needs of the anticipated
growth in population and employment within the
watershed, the amount of land devoted to urban
use is projected to increase from a 1975 total of
about 14.2 square miles, or about 28 percent of
the total area of the watershed, to 29.3 square
miles, or about 57 percent of the total area of the
watershed. This demand for urban land will have
to be satisfied primarily through the conversion
of some of the remaining agricultural and other
open lands of the watershed from rural to urban
uses. Such rural land uses may be expected to
decline collectively from about 37.2 square miles
in 1975 to about 22.2 square miles in the year
2000, a decrease of about 40 percent over the plan
design period.

The open space preservation plan element of the
watershed plan recommends the preservation in
essentially natural, open uses of all remaining pri
mary environmental corridor lands and preserva
tion of the majority of the prime agricultural lands
within the watershed. The primary environmental
corridors represent a composite of the best remain
ing elements of the natural resource base of the
watershed, and encompass about 1.9 square miles,
or only about 4 percent of the total area of the
watershed. These corridor lands are located pri
marily along the main stem of the Pike River
between Petrifying Springs County Park in the
Town of Somers and the mouth of the Pike River
located in the City of Kenosha. The plan recom
mends that 612 acres, or about 52 percent, of the
corridors not already in public ownership, or in
compatible nonpublic ownership, be acquired at
an estimated cost of about $2.0 million by the
plan design year 2000. The plan also recommends

that the majority of the remaining prime agricul
tural land be maintained in agricultural use. Of the
19.3 square miles of prime agricultural land which
existed in the watershed in 1980, 5.2 square miles,
or 27 percent, would be converted to urban uses
while the remaining 14.0 square miles, or 73 per
cent, would be maintained in agricultural use and
protected through public land use regulation.

The outdoor recreation plan element of the Pike
River watershed recommends the provision of
a recreation corridor for such activities as hiking
and biking within a seven-mile segment of the pri
mary environmental corridor associated with the
Pike River and over a five-mile segment of the
Kenosha-Racine bike trail. The anticipated cost to
provide for these hiking and biking facilities is
approximately $220,500. The outdoor recreation
plan element also recommends the expansion of
Sanders Park at an estimated cost of $188,000,
as well as the provision of two new community
25- to 100-acre-parks and 10 new neighborhood
5- to 25-acre-parks to meet the intensive non
resource-oriented outdoor recreation needs for the
population residing in urban areas within the water
shed. Estimated urban park costs including pro
posed site acquisition costs and the costs associated
with the provision of recreation facilities within
these parks, such as baseball diamonds, basketball
courts, ice skating rinks, playfields, playgrounds,
softball diamonds, and tennis courts total approxi
mately $2,535,000. It should be noted that in
order to avoid multiple accounting of implementa
tion costs for regional plan elements, the aforemen
tioned estimated costs for primary environmental
corridor acquisition and park and recreation site
acquisition and facility development have not been
included as implementation costs of the Pike River
watershed plan (see Chapter XV) since such costs
have been previously included as implementation
costs of the Commission-adopted regional park and
open space plan.
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Chapter XII

ALTERNATIVE FLOODLAND MANAGEMENT MEASURES

INTRODUCTION

The inventory and analysis phases of the Pike River
watershed planning program have identified certain
water resource and water resource-related prob
lems, including flooding and water pollution. As
stated in Chapter I, the overriding objective of the
Pike River watershed planning program is to assist
in the abatement of these water resource and water
resource-related problems by developing a work
able plan which can be used to guide development
within the watershed into a safer, more healthful,
more attractive, and more economic development
pattern, a pattern which is properly related to the
underlying and sustaining natural resource base so
as to avoid the intensification of existing and the
creation of new developmental and environmental
problems in the watershed.

The purpose of this chapter is to present alterna
tive floodland management measures from which
a recommended floodland management plan for
the watershed can be synthesized. The structural
and nonstructural floodland management alterna
tives described herein should be considered as
adjuncts to the basic land use development pro
posals advanced in Chapter XI, and were designed
to facilitate the attainment of regional and water
shed development objectives. The alternative flood
land management measures are thus subordinate
to the basinwide land use plan element, and the
incremental benefits and costs of these alternatives
can be separated from those of the basinwide land
use plan element.

The evaluation of a particular alternative relative to
other alternatives intended to resolve an identified
problem is a sequential process during which the
alternative is subjected to several levels of review
and evaluation, including technical, economic,
financial, legal, and administrative feasibility and
political acceptability. To facilitate selection of the
best floodland management measures for inclusion
in a recommended comprehensive watershed plan,
the technical, economic, and environmental aspects
of each floodland management alternative are pre
sented in this chapter.

Concerning organization of the material presented
in this chapter, structural and nonstructural flood
land management measures available for resolution
or prevention of flood problems are described, fol
lowed by a discussion of the hydrologic, hydraulic,
and economic consequences of planned land use
changes. Alternative structural floodland manage
ment measures are then described for the various
stream reaches of the watershed. Bridge and culvert
alteration or replacement for transportation pur
poses throughout the watershed is discussed, fol
lowed by a description of nonstructural floodland
managemen.t measures also recommended fot appli
~ation throughout the watershed. The chapter con
cludes with a discussion of accessory floodland
management measures.

AVAILABLE FLOODLAND
MANAGEMENT MEASURES

Floodland management may be defined as the plan
ning and implementation of a combination of mea
sures intended to reconcile the floodwater convey
ance and storage function of floodlands with the
space and related socioeconomic needs of the resi
dent population of a watershed. The specific pur
poses of floodland management include elimination
of loss of life, lessening of danger to human health
and safety, minimization of monetary damage to
private and public property, reduction in the cost
of utilities and services, and minimization of dis
ruption in community affairs. A broader goal is the
enhancement of the overall quality of life of the
watershed residents by the protection of those
environmental values-recreational, aesthetic, eco
logical, and cultural-normally associated with, and
concentrated in, riverine areas.

Preparation of a floodland management plan for
a watershed involves the development of alterna
tive plan elements, a comparative evaluation of
those elements, and the synthesis of the most
effective elements into an integrated plan. The
floodland management plan for the Pike River
watershed is specifically intended to achieve the
land use development objectives, sanitary sewer-
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age system development objectives, and water
control facility development objectives and their
supporting standards as set forth in Chapter X.

The techniques of floodland management may be
broadly subdivided into two categories-structural
measures and nonstructural measures. Structural
measures include floodwater storage facilities such
as reservoirs and impoundments, diversion facilities
such as dikes and channels, floodwater containment
facilities such as earthen dikes and concrete flood
walls, floodwater conveyance facilities such as
major channel modifications, and bridge and cul
vert modifications or replacements. Nonstructural
measures include reservation of floodlands for
conservation, recreation, and other open space
uses; floodland use regulations; land use controls
outside of the floodlands; structure floodproofing;
structure removal; channel maintenance; flood
insurance; lending institution policies; realtor poli
cies; community utility policies; and emergency
programs. Table 83 lists structural and nonstruc
tural floodland management measures which may
apply, individually or in combinations, to the
stream network of the Pike River watershed, and
summarizes the function of each. Structural mea
sures tend to be more effective in achieving the
objectives of floodland management in riverine
areas that have already been urbanized, while
nonstructural measures, being preventative, are
generally more effective in riverine areas that have
not yet been converted to flood-damage-prone
development even though they have the potential
for such development.

Structural Measures
Each of the five structural floodland management
measures set forth in Table 83 is discussed briefly
below. Emphasis is placed on the function of each
measure; on the key factors, or basic requirements,
used to determine if the given alternative applies to
a particular riverine area or portion of the water
shed; and on some of the more significant positive
and negative features of each measure.

Storage: From the perspective of floodland man
agement, the function of floodwater storage facili
ties is to either detain floodwaters upstream of
flood-prone areas for subsequent gradual release
as is the case with a detention pond-or to retain
floodwaters for a combination of gradual release
and evaporation or groundwater recharge-in the
case of a retention pond-thereby substantially
decreasing downstream discharges and flood stages,
and associated flood damages. A key factor in the
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potential application of this alternative is the exis
tence of sites having sufficient floodwater storage
volume that are positioned upstream of all, or
a significant portion of, the flood-prone riverine
areas and which can thereby 'control the runoff
from a significant portion of the total watershed
area tributary to the flood-prone areas. In addition,
the site must be "available" in the sense that it
does not contain significant urban development.

Floodwater storage facilities may be directly
located on the stream system, such as is the case
with a conventional reservoir, or may be located
off the channel system, as in an abandoned quarry
or in excavated chambers in the underlying bed
rock. In the latter case the floodwaters are diverted
to the storage area during a flood event and later
returned to the stream by pumping.

A positive feature of reservoirs in the context of
a comprehensive floodland management plan ele
ment is their potential for mitigating flooding in
several downstream reaches, in contrast with most
other structural floodland management measures
which provide only local flood relief. Another
favorable aspect of reservoirs is their potential for
serving several water resource-related uses-in addi
tion to flood mitigation-such as recreation, low
flow augmentation, and water supply. Negative
aspects of reservoirs include the large capital cost,
large land area required, potentially adverse water
quality conditions within the impoundment, and
the false sense of security with respect to flood
dangers that may be engendered in downstream
reaches, leading to the possible influx of urban
development into the remaining flood-prone areas.

Diversion: The function of a diversion is to inter
cept potentially damaging floodwaters at a point
upstream of the flood-prone reaches and to route
those floodwaters along a completely new align
ment in order to bypass the flood-prone reach.
Diverted flood flows are sometimes discharged
to receiving watercourses outside the subwater
shed and, despite the legal problems that may be
involved, outside the watershed in which flood
mitigation is desired. Two structural elements are
entailed in a diversion alternative: 1) the control
structure itself, located on the stream channel that
establishes the river stage at which the diversion
process will begin and the rate at which it will
occur; and 2) the open channel or closed conduit
that conveys the diverted floodwaters from the
stream channel to the point of discharge. A key
factor in assessing the application of this alterna-



Table 83

ALTERNATIVE FlOODlAND MANAGEMENT MEASURESC0NSIDERED
IN THE PIKE RIVER WATERSHED PLANNING PROGRAM

Alternative

Major
Category Name Function Comment

Structural Storage To detain floodwaters upstream of flood- May be accomplished by on-channel

prone reaches for subsequent gradual reservoirs or by off-channel or

release underground storage

Diversion To divert waters from'a point upstream of --
the flood-prone reaches and discharge to
an acceptable receiving watercourse out-
side of the watershed, or to divert flood-
waters around a flood-prone area on a
completely new alignment

Dikes and To prevent the occurrence of overland --
floodwal/s flow from the channel to floodland

structures and facilities

Channel To convey flood flows through a river May be accomplished by straightening,
modification reach at significantly lower stages lowering, widening, lining, and other-
and enclosure wise modifying a channel or by

enclosing a major stream; includes
construction of a new length of
channel for the purpose of bypassing
a reach of a natural stream

Bridge and culvert To reduce the backwater effect of May be accomplished by increasing the
alteration or bridges and culverts waterway opening or otherwise sub-
replacement stantially altering the crossing or

by replacing it

Nonstructural Reservation of To minimize flood damage by using May be accomplished through private
floodlands for floodlands for compatible recreational development, such as a golf course,
recreational and and related open space uses and also or by public acquisition of the land
related open to retain floodwater storage and or by use of an easement
space use conveyance

Floodland To control the manner in which new urban May be accomplished through zoning,
regulations development is carried out in the flood- land subdivision control, sanitary and

lands so as to assure that it does not building ordinances
aggravate upstream and downstream
flood problems, or, to control selected
practices by which existing urban or
rural lands are managed

Control of land use To control the manner in which urban --
outside of the development occurs outside of the flood-
floodlands lands so as to minimize the hydrologic

impact on downstream floodlands

Community To inform and educate citizens regarding May have relationship to aesthetic,
education personal and private actions by property recreational, urban utility, or water
programs owners and residents which 1) may quality aspects of water resources

adversely affect flood flows and stages management in the watershed
or 2) could favorably affect or prevent
changes in flood flows and stages
in the watershed

Flood To minimize monetary loss or reduce Premiums may be subsidized or
insurance monetary impact on structure owner actuarially determined
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Table 83 (continued)

Alternative

Major
Category Name Function Comment

Nonstructural Lending To discourage acquisition or construction --
(continued) institution of flood-prone structures by means of

policies mortgage granting procedures

Realtor To discourage acquisition or construction --
policies of floodprone structures by providing flood

hazard information to prospective buyers

Community To discourage construction in flood·prone .-
utility areas by controlling the extension of
policies utilities and services

Emergency To minimize the danger, damage, and Such a program may include installation
programs disruption from impending flood events of remote stage sensors and alarms, road

closures, and evacuation of residents

Structure To minimize damage to structures by applying ..
floodproofing a combination of protective measures and

procedures on a structure-by-structure basis

Structure To eliminate damage to existing structures --
removal by removing them from flood-prone areas

Channel To maintain integrity of flood stage pro· Will not significantly reduce stages of
maintenance files; to permit unobstructed flow from major floods except as those stages

storm sewers, drainage ditches, and might be influenced by accumulation
drainage tiles; and to remove potentially of buoyant material on the upstream
troublesome buoyant material side of bridge waterway openings

Source: SEWRPC.

tive is the availability of a suitable diversion route
or alignment and an adequate receiving watercourse
or other point of discharge.

A favorable feature of the diversion technique,
shared with the reservoir alternative, is the poten
tial which a single major upstream facility may
have to mitigate flood problems in several down
stream reaches. A negative aspect, also shared with
impoundments, is the false sense of security with
respect to downstream flood dangers that may
develop as a result of the construction of a diver
sion facility.

Dikes and Floodwalls: Earthen dikes and concrete
or sheet steel floodwalls, like those shown in
Figure 52, are technically feasible means of provid-
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ing flood control in certain flood-prone riverine
areas. The principal function of dikes and flood
walls is to contain the floodwaters; that is, to pre
vent the occurence of overland flow laterally from
the channel to adjacent floodland areas containing
flood-damage-prone structures and facilities. A key
physical factor in the potential application of this
structural alternative is the availability of sufficient
space between the stream channel and the land
uses that are to be protected to permit the con·
struction of the dikes or floodwalls, the latter
having the advantage of requiring a narrower strip
of land than the former.

In order to be effective in reducing flooding, dikes
and floodwalls must normally be supplemented
by the installation of backwater gates on those



Figure 52

TYPICAL EARTH DIKE, CONCRETE FLOODWALL, AND BACKWATER GATE
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Source: SEWRPC.

storm sewer outfalls and other drainage outlets
penetrating the dikes and floodwalls that have
street inlets or other entry points in the area to be
protected at elevations approximating the lOO-year
recurrence interval river flood stage. A storm water
drainage system, which typically includes street
storm water inlets and storm sewer outfalls, nor·
mally provides for the conveyance of storm water
runoff from developed urban areas to a recovery
stream. During major flood events, however, high
river levels may in some areas reverse the operation
of the storm water drainage system, thus negating
its function, and resulting in the movement of
floodwaters from the river into developed riverine
areas, thereby producing unwanted inundation and
attendant monetary damages and inconvenience.
Backwater gates prevent such flow reversal by

functioning as valves that normally pass the storm
water to the river but close when the hydraulic
head on the river side of the hinged gate exceeds
the head on the opposite side of the gate.

While backwater gates, operating as described
above, will prevent the movement of floodwaters
from the river, they may, depending on topographic
conditions, create local flood problems attributable
to the accumulation of storm water runoff which
does not have access to the river because of the
closed storm sewer outfall. Areas susceptible to
this problem may be protected by making provi
sion for temporary or permanent pumping facilities
to convey the impounded storm water over the
dikes and floodwalls to the river during major
flood events.
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An important factor which must be considered in
the design of dikes and floodwalls is the stage which
the design flood may be expected to reach in pass
ing through the reach to be protected. This "design
condition" flood stage may be higher than the.
"natural" condition stage as a result of the lateral
constriction imposed on the stream by the dikes
and floodwalls, and this design-condition stage is
used with an appropriate freeboard to establish the
crest elevation of the dikes and floodwalls.

A favorable feature of dikes and floodwalls is that
they are a means whereby existing development
can be protected from flood inundation by local
action. It must be recognized, however, that the
serious negative aspects of dikes and floodwalls
include the potential for increasing upstream flood
stages as a result of the hydraulic constriction
imposed on the stream, and the possibility that
a series of successive dike-floodwall projects along
a stream may substantially reduce the natural
floodwater storage capability of the river reach
and thereby increase downstream discharges and
associated stages. Other significant negative char
acteristics of dikes and floodwalls include the
potentially high capital costs; the potentially high
aesthetic cost, or penalty, normally associated with
the placement of these high, long structures in the
riverine areas, particularly if the areas protected are
devoted primarily to residential land use; and the
false sense of security engendered by the presence
of the dikes or floodwalls that may develop with
respect to flood dangers.

Channel Enclosure and Modification: Channel
enclosure refers to the installation of large under
ground conduits along or close to the alignment of
major stream reaches intended to convey flood
waters through an area so as to substantially reduce
overland flooding and sanitary sewer backup.
Channel modifications-more commonly called
channelization-may include one or more of the
following major changes to the natural stream
channel, all designed to increase the capacity of the
stream system channel: 1) straightening,deepening,
and widening; 2) placement of a concrete invert
and partial sidewalls; and 3) reconstruction of
selected bridges and culverts as needed. In some
instances, a portion of the channelized reach may
be constructed so as to bypass a segment-such as
a series of meandering loops-of the existing chan
nel. However, such a bypass is not as extreme in
terms of new alignment and total length as the
diversion approach discussed above. This form of
channel modification is particularly well suited to
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river reaches containing intense urban develop
ment. Upon completion of bypass construction, all
or a portion of the original natural channel may be
retained to provide for conveyance of local storm
water runoff to the relocated channel.

The function of channel modifications or enclosure
is to yield a lower, hydraulically more efficient
waterway, through which a given flood discharge
can be conveyed at a much lower flood stage
relative to that which would exist under natural or
prechannelization conditions. Key factors in the
potential application of this structural floodland
management alternative to a flood-prone reach are
the acquisition of a strip of land of sufficient width
to accommodate the modified channel, and careful
consideration of the length of upstream and down
stream natural channel that must be modified to
effect an acceptable transition frOlll the natural
channel and floodplain to the channelized or
enclosed reach.

A key advantage of channelization or enclosure is
that it-like dikes and floodwalls-provides a means
whereby action can be taken locally to effectively
provide relief to a flood-prone area. Significant
negative features of major channel modifications
or enclosures include the potential high aesthe
tic cost, particularly of the former, maintenance,
and the possibility of aggravating downstream dis
charges and stages resulting from the loss of flood
water storage capacity in a long channelized or
enclosed reach.

Bridge and Culvert Alteration or Replacement:
Existing or new highway and railway bridges and
culverts, or modifications to existing bridges and
culverts, may, by virtue of the conveyance pro
vided, significantly affect upstream and down
stream flood stages and aggravate existing, or create
new, flood hazards. Futhermore, increased regula
tory flood stages attendant to bridge and culvert
construction or reconstruction must be reflected
in enlarged floodland regulatory zones, thereby
creating difficult administrative, legal, and political
problems for community officials. Flood events,
on the other hand, can interfere with the proper
functioning of the transportation system by inun
dating highways or railway bridges or their
approaches, thereby rendering the related trans
portation facilities impassable during major floods.

The purpose of bridge and culvert removal, altera
tion, or replacement is to avoid or minimize the
aforementioned adverse effects of existing bridges



and culverts on flood flow characteristics and the
adverse effects of flood flows on the functioning of
the related transportation facilities. Elimination of
these adverse effects is accomplished by increasing
the size of the waterway opening, or by otherwise
substantially altering the crossing, or by replacing
it. The potential usefulness of this structural alter
native in a watershed is contingent upon identify
ing those existing bridges and culverts that produce
major backwater effects as a result of thelr inade
quate hydraulic capacity, and identifying those
structures that are impassable during major flood
events. Determination of bridge and culvert back
water effects is a routine procedure associated
with the operation of Hydraulic Submodel 2 as
described in Chapter VIII of this report.

Contemporary bridge design generally employs
larger waterway openings that yield relatively
small, and in most cases insignificant, backwater
effects. Therefore, this structural floodland man
agement alternative is most likely to be applicable
to older waterway crossings that will be replaced
as a part of the normal transportation system main
tenance and improvement process.

Nonstructural Measures
Each of the 12 nonstructural floodland manage
ment measures presented in Table 83 is discussed
briefly below. The function of each measure is
described and the key factors or basic requirements
needed to determine if the given alternative applies
to a riverine area or portion of the watershed are
discussed. In addition, some of the more significant
positive and negative features of the various
measures are identified.

Reservation of Floodlands for Conservation, Rec
reation, and Other Open Space Uses: Comprehen
sive land use planning recognizes that there is, and
will continue to be, a need for active and passive
recreational and open space lands readily accessible
to residents of the metropolitan area. Floodlands
may provide an ideal location for such lands and
supporting facilities, because the floodlands and
the environmental corridors of which they are
a part provide sufficient space, assure the presence
of water and other key recreation elements,
improve the accessibility of the recreation areas
to the urban population, and are compatible with
recreation use and supporting facilities.

Recreational and related open space uses of flood
lands may be accomplished by several mechanisms,
including public or private acquisition of the land

or acquisition of an easement followed by devel
opment for such recreational uses as cross country
hiking and skiing trails. The principal advantage of
this floodland management alternative is its defini
tiveness and legal incontestability, whereas the key
disadvantage of public acquisition of the lands is
the public cost. Public acquisition of floodland
areas for recreational and related open space use
can sometimes be accomplished at no major direct
cost to the municipalities by encouraging devel
opers of large tracts to dedicate the land in the
environmental corridor portions of those tracts to
a local governmental unit or agency for public
maintenance and use. Since floodlands are not
well suited for residential development, not only
because of flooding, but also because of limiting
soils, difficulties in supplying and maintaining
utilities, and other problems, since land subdivi
sion regulations often require developers to provide
a minimum amount of recreational and open space
land, and since existing floodland regulations may
limit the extent of floodland development, the
land developer may be receptive to the idea of
dedicating the floodlands and adjacent environ
mental corridors to a local governmental unit
or agency.

In addition to preventing additional flood-prone
development, minimizing aggravation of upstream
and downstream flood problems, and providing
prime and readily accessible outdoor recreational
land, the reservation of floodlands for recreational
and related open space uses also may be expected
to have a significant and favorable impact on the
value of residential property in proximity to the
riverine-area parkways. A study was conducted by
the Commission under its regional park and open
space planning program to investigate the effects of
public open space land on residential values. 1 The
emphasis was upon the extent to which residential
property values may be influenced by proximity
to public open space areas. A variety of informa
tion sources and analysis procedures was used to
carry out the study, including personal interviews
of assessors, appraisers, and developers; collection

1 SEWRPC Planning Report No. 27, A Regional
Park and Open Space Plan for Southeastern Wis
consin: 2000, Chapter X, "Impact of Public Open
Space Lands on Residential Property Values Based
Upon an Analysis in Milwaukee County," Novem
ber 1977.
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and collation of census housing value data; analysis
of residential land sales information; analysis of
locally assessed property values; and a survey of
occupants of riverine-area residential property.

The study indicated that most public open space
lands have a positive impact on the value of resi
dential property situated adjacent to or with a view
toward the public open space areas. Futhermore,
this impact is directly related to the size of the
open land as well as to the value of the natural
resource amenities which it contains. Public open
space areas, such as Petrifying Springs Park in the
Town of Somers, that preserve and enhance high
value elements of the natural resource base have
the greatest impact on the value of adjacent devel
oped residential property. The value of property
situated adjacent to or with a view toward such
parkways exceeds the value of property located
away from the parkway land by an average of
about 30 percent. The analysis also indicated that,
within a given subdivision that is under develop
ment, the sale prices of lots situated adjacent to
or with a view toward such parkways exceeds by
an average of 12 percent the sale prices of lots
situated away from parkway lands.

Floodland Regulations: Floodland regulations
take the form of or are incorporated into zoning,
land subdivision, sanitary, and building ordi
nances adopted by counties, cities, villages, and
towns under the police powers granted them by
state legislatures. Such regulations are ordinarily
intended for the single purpose of flood damage
mitigation by controlling the manner in which
new urban development is carried out in the
floodlands so as to assure that it is not flood-prone
and, equally important, that it does not aggravate
upstream and downstream flood problems. As
discussed in Chapter IX of this report, the regula
tion of floodlands in Wisconsin is governed pri
marily by the rules and regulations adopted by the
Wisconsin Department of Natural Resources pur
suant to Wisconsin Statutes. All counties, cities,
and villages are expected to adopt reasonable and
effective floodland regulations under the enabling
Wisconsin Statutes. The principal advantages of
floodland regulations are that they control the
manner in which new development occurs in river
ine areas, and also control selected practices by
which existing urban or rural lands are managed.
The principal disadvantage of floodland regulations
is that they offer no relief to existing flood-prone
structures other than to encourage their ultimate
removal from floodland areas.
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Floodland use regulations in Wisconsin generally
employ the two-district floodway-floodplain fringe
approach as incorporated in the State of Wisconsin
Floodplain Management Program. That program
was modified in 1977 to require that floodways be
delineated so as to cause no increase in the regula
tory or 100-year recurrence interval flood stage?

Although stipulation of a "no-stage increase" flood
way eliminates or reduces some of the potential
problems associated with the two-district floodway
floodplain fringe approach to floodland regula
tions, one significant negative aspect remains. The
two-district floodway-floodplain fringe approach
to floodland regulations may lead to the destruc
tion of the environmental corridors of a watershed,
since it encourages floodland fill with development
outside the floodway limits, but within environ
mentally critical areas. There is the possibility of
making floodland and other land use recommen
dations more effective for environmental corridor
protection as well as for flood damage mitigation.
Such more comprehensive floodland regulations
may in rural areas simply designate a floodland
district for which all flood-prone development is
excluded, or may, with more complexity, incor
porate afloodway, a developable floodplain fringe,
and an undevelopable conservancy district.

'Control of Land Use Outside of the Floodlands: In
a watershed, it is important to regulate the manner
in which urban development occurs outside of the
floodlands, as well as within the floodlands, so as
to minimize the hydrologic impact on floodland
areas receiving direct runoff from tributary water
shed areas. Although planning for land use outside
of floodland areas has not traditionally been con
sidered a floodland management alternative, recent
studies of the hydrologic-hydraulic interdependence
between the land surface and the streams of the
watershed system suggest that land use planning
may indeed be an effective floodland management
measure. 3 It is vital that land use planning consider

1. Wisconsin Administrative Code, "Wisconsin's
Flood Plain Management Program," Chapter
NR116, July 1977.

3 For a graphic demonstration of the potential
impact of land use changes outside of floodland
areas on flood discharges, stage, and damage, refer
to SEWRPC Planning Report No. 26, A Compre
hensive Plan for the Menomonee River Watershed,
Volume Two, Alternative Plans and Recommended
Plan, October 1976, pp. 72-97.



the hydrologic-hydraulic consequences of the loca
tion of future urban development, the amount of
impervious surface in that development, and the
manner in which storm water runoff from that new
development is controlled.

Community Education Programs: It is important
that the public be fully aware of how the actions
of property owners may affect flood flows and
stages. Personal and private actions, such as dump
ing of debris in a stream channel by property
owners and residents, may adversely affect flood
flows and stages, or localized channelization or
removal of obstructions to flow may increase the
flood flows and stages downstream. Proper actions,
however-taken within the framework of a water
resources management plan for the watershed-by
property owners and residents may serve to reduce
an existing flooding problem or prevent a future
flooding problem which would, in turn, reduce
the degree of action necessary by local units of
government, and thus minimize the public finan
cial burden.

Structure Floodproofing: As discussed in Chap
ter IV of this report, residential, commercial, and
industrial structures located within or adjacent to
floodlands are particularly vulnerable to flood
damage because of the variety of ways in which
floodwaters can enter such structures. It is possible
and generally practicable for individual owners to
make certain structural adjustments to their private
properties and to employ certain measures or pro
cedures, all of which are intended to significantly
reduce potential flood damages. This approach is
referred to as floodproofing, and may be more
specifically defined as a combination of physical
measures applied to existing structures in combina
tion with selected emergency procedures, all of
which are intended to eliminate or significantly
reduce damage to the structure and its contents.

Floodproofing measures and techniques intended
for application to existing structures generally can
be divided into one of three categories: 4 1) tech
niques for preventing entry of floodwaters; 2) tech
niques for ensuring continuation of, or at least
protection of, utilities and other services during
flood events and for protecting structure contents
in the event that the water does-by design or
otherwise-enter the building; and 3) the techni
ques of raising-that is, elevating-the structure
such that the first-or other-most damage-prone
floor is above the design flood stage, supplemented

with measures to protect the basement and other
portions of the structure below the design flood
stage from damage.

The particular combination of floodproofing mea
sures applied to a given structure must be tailored
to the function of the structure, the nature of its
construction, and the vertical and horizontal posi
tion of the structure within the floodplain. Exten
sive floodproofing should be applied only under
the guidance of a registered professional engineer
who has carefully inspected the building and con
tents, has analyzed its structural integrity, and
has evaluated the flood threat. It is important to
emphasize that, even if a successful floodproofing
program is instituted in a flood-prone area, over
iand flooding and the inconvenience it causes will
continue to occur.

Prevention of Floodwater Entry: A variety of
floodproofing measures and techniques is avail
able to prevent the entry of floodwaters. Sanitary

4 For more detailed descriptions of floodproofing
measures and estimate of costs see:

• John R. Sheaffer, et al., Introduction to
Floodproofing: An Outline of Principles and
Methods, University of Chicago Center for
Urban Studies, April 1967.

• U. S. Army Corps of Engineers, Flood
proofing Regulations, Washington, D. C.,
June 1972.

• Shelton R. McKeever, Floodproofing: An
Example of Raising a Private Residence,
U. S. Army Corps of Engineers, South Atlan
tic Division, Atlanta, Georgia, March 1977.

• William K. Johnson, Physical and Economic
Feasibility of Nonstructural Flood Plain
Management Measures, U. S. Army Corps of
Engineers-Hydrologic Engineering Center
and Institute for Water Resources, May 1977.

• William D. Carson, Estimating Costs and
Benefits for Nonstructural Flood Control
Measures, U. S. Army Corps of Engineers
Hydrologic Engineering Center, October
1975.
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sewer backup through basement floor drains may
be prevented by installation of backwater valves or
the use of vertical standpipes screwed into a fitting
in the floor drain, provided that the building sewer
can withstand the attendant pressure that will be
exerted. Sump pumps, preferably provided with
standby gasoline powered electrical generators, can
remove water that enters the basement of a struc
ture through foundation drains or other openings,
provided that the discharge point is above and not
affected by flood stage. Waterproof seals can be
installed at structural joints, such as the contact
between basement walls. Overland flood damage
may be prevented by the construction of earthen
berms or concrete or masonry walls around the
perimeter of the structure or cluster of structures.
Glass blocks 5 may be placed in basement window
openings, and flood shields have been designed for
quick installation over doorways, windows, and
other structural openings.

It is important to reemphasize the critical need for
a complete analysis of the ability of a given struc
ture to withstand the external hydrostatic forces
that would be applied to the walls and basement
floor of a structure prior to implementing flood
proofing procedures intended to prevent water
from entering the basement of such structures.
Generally speaking, the concrete block basements
widely used in residential construction in south
eastern Wisconsin are not capable of withstanding
hydrostatic forces associated with complete satura
tion of the soil surrounding the bUildings. 6 A pos-

5 The Wisconsin Uniform Building Code states that
basement windows must have a minimum open
able area of 1 percent of the floor area unless
ventilation is provided by other means such as
mechanical ventilation units. Furthermore, the
current policy of the interpretation committee of
the Southeastern Wisconsin Building Inspectors
Association is to require the use of glass block for
basement windows in flood-prone areas and to
require that this be supplemented with mechanical
ventilation equipment.

6 For example, see: Investigation of Basement Con
struction in Fargo, North Dakota and Moorhead,
Minnesota Area, prepared for the· Federal Insur
ance Administration by the National Association
of Home Builders Research Foundation, Inc., Rock
ville, Maryland, June 1975.
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sible alternative, therefore, to the attempt to pre
vent floodwater from entering the basement of
such structures is to intentionally flood the base
ment with clean water prior to the inflow of flood
water, thereby maintaining the structural integrity
of the basement while minimizing the entry of
sanitary sewage, sediment, and other objectionable
materials normally associated with basement flood
ing and, as discussed below, incorporating measures
to maintain utilities and services and protect struc
ture contents.

Maintain Utilities and Services and Protect Con-,
tents: The second category of floodproofing mea
sures applicable to existing residential, commercial,
industrial, and other structures consists of techni
ques designed to ensure the maintenance of utili
ties and other services needed for the building to
function possibly during, but certainly imme(liately
after, a flood event. Also included in this category
are procedures intended to protect structural con
tents. Because of the above structural problems,
this second category of floodproofing measures
should be considered for structures having concrete
block basements.

Mechanical equipment, such as heating and air
conditioning units, or manufacturing equipment
may be placed on upper floors, elevated above the
floor on which it is placed, surrounded by low
walls to prevent intrusion of floodwaters, tem
porarily covered with impermeable sheet material,
or altered so as to be mobile for removal from
flood-prone areas prior to the occurrence of a
flood event. Electrical circuits serving flood-prone
sections of a structure should be altered so that
they can be easily shut off, and consideration
should be given to moving the electrical service
box to the first floor of the structure above anti
cipated flood levels and to the use of waterproof
electrical fixtures in flood-prone areas of the struc
ture. Some mechanical and electrical equipment
may be protected by removal of critical water
vulnerable components-for example, the blower
motor on a forced air heating unit-prior to entry
of the floodwaters.

If there is a high probability that water will enter
portions of the structure and damage the contents,
such as furnishings in a house or stock stored in
a commercial building, an emergency evacuation
program should be prepared for the contents of the
buildings. Flood-vulnerable contents could be tem
porarily moved out of the buildings, or be moved
to higher floors, or be temporarily elevated on
supports or shelves.



Some of the above floodproofing measures are
contingent upon receiving adequate forewarning
at least several hours-of the impending occurrence
of a flood event. It is important to recognize that
such a warning, even if it were provided at the
outset of a flood, would not be very effective in
small, heavily urbanized basins, such as the Soren
sen Creek subwatershed, that are characterized by
a rapid response of peak flood flows to a major
rainfall event.

Elevating the Structure: The third category of
floodproofing measures is raising the structure
that is, elevating it-on its present site such that the
first floor or other most damage-prone floor is
above the design flood stage. Structure raising is
supplemented with basic floodproofing measures
like those described above to protect the basement
and other portions of the elevated structure that
remain below the design flood stage.

While basic floodproofing measures like those
discussed above are generally considered feasible
for most nonresidential structures-such as busi
ness, commercial buildings, and schools-even if
the design flood stage is above the first floor eleva
tion, such measures are not generally technically
feasible or practical for single-family residences
when the design flood stage is above the elevation
of the first floor. This is the condition for which
structure elevation is often the most appropriate
floodproofing measure.

The total capital cost of elevating a structure is
composed of costs that are directly dependent on
and increase with the extent to which the structure
is elevated, and fixed costs that are independent
of the height to which the structure is raised.
Examples of the latter, or fixed, costs include
placing beams or other supports beneath the struc
ture, disconnecting utilities, and replacing shrubs,
whereas examples of the former, or variable, costs
include vertical extensions to the basement walls,
and the fill required to raise the yard grade. While
the average cost of applying basic floodproofing
techniques to a single-family residential structure
that is, floodproofing the structure without ele
vating it-so as to prevent the entry of floodwaters
or to at least maintain utilities and services and
protect contents is estimated to be $3,800 in
1980 dollars, the cost of elevating the residential
structure-which would probably be required if
the design flood stage were above the first floor
elevation-is estimated to be $33,000 in 1980
dollars, assuming that the building is raised four

feet, and increases by about $3,000 for each
additional foot that the structure is raised. While
the costs of floodproofing by structure elevation
may be expected to greatly exceed the cost· of
basic floodproofing, the structure elevation alter
native may be expected to be considerably less
costly than the structure acquisition and removal
alternative described below.

Principal Advantages and Disadvantages of Flood
proofing: The principal advantage of floodproof
ing is that it provides a means whereby individual
homeowners or property owners unilaterally can
take definitive action to protect their flood-prone
structures against future flood damage. A signifi
cant negative effect of floodproofing is the very
real possibility that it will be applied without ade
quate professional engineering guidance, thereby
leading to possible major damage to the structure
as well as posing a threat to the owners, tenants,
and users of the structure.

Another negative attribute of floodproofing indi
vidual structures is the very real possibility that
the technique will not be applied in a coordinated
way throughout the entire flood-prone portion of
a given community, thereby leaving a significant
residual demand for flood relief-a demand that will
focus on community officials and will be intensi
fied during and immediately after each flood event.
In such a situation, and in spite of the fact that
numerous individual property owners have imple
mented floodproofing and have incurred the neces
sary costs, community officials still will be faced
with the problem of reducing the flood threat to
those structures that have not been floodproofed.

Structure Removal: As discussed above, it is gener
ally technically and economically feasible to apply
basic floodproofing measures to well-constructed
brick and masonry structures used for commercial
or industrial purposes and to floodproof private
residences, sometimes by elevating them. There are,
however, situations in which structure floodproof
ing is not technically practicable or economically
sound, such as when the structures are dilapidated
and do not meet building code standards or when
the cost of elevating them would be prohibitively
high because of a large difference between the first
floor elevation and the design flood stage.

Therefore, floodproofing measures considered in
the design of alternative flood damage abatement
plans are sometimes supplemented with proposals
to remove those structures, usually private resi-
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dences, having first floor elevations below the
lOO-year recurrence interval flood stage-the stage
used to design floodproofing and removal alterna
tives. The cost of removing a residential structure
from a flood-prone area is computed as the sum of
the structure and site acquisition cost, structure
demolition or moving cost, site restoration costs,
and occupant relocation cost, the last of which is
provided to the displaced homeowner or tenant
in compensation for expenses incurred as a result
of moving.

A positive aspect of structure removal, in addition
to flood damage reduction, is that it enhances the
opportunity to develop the aesthetic and recrea
tion potential of riverine lands. Structure removal
can assist in restoring river floodlands to an open,
near natural state, thereby enhancing the aesthetic
value of the riverine area and, in effect, recreating
environmental corridors. Such restored environ
mental corridor lands could be used for outdoor
recreation and related open space purposes.

A negative aspect of structure removal is the
opposition which is likely to be encountered from
some property owners even if they are offered an
equitable price for the flood-damage-prone prop
erty. Although some of the value placed on a home
may be intangible, and therefore cannot be
expressed in monetary terms, it is nevertheless real
and must be considered when structure removal
alternatives are proposed.

Another potentially negative aspect of structure
removal is a loss in the tax base to a community as
a result of removing taxable property from within
the corporate limits. It should be noted, however,
that while there may be a loss in tax base to a com
munity, the net cost to the community may be
considerably smaller than the lost taxes because of
the likely compensating effect of several factors,
including: the reduced cost of municipal services
such as schools, water supply, and sewerage; the
reduced cost of flood-related emergency service;
and the likelihood that some of the evacuated
residents will construct new residences within the
civil division on previously undeveloped land,
thereby restoring some of the lost tax base.

Channel Maintenance: Channel maintenance con
sists of the periodic removal of silt, sand, and gravel
deposits; heavy vegetation; and the wide variety
of debris found in all streams but most commonly
in streams flowing through urban areas. Examples
of debris commonly found in stream channels
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are: brush, tree limbs, scrap lumber, oil drums,
wooden crates, cardboard boxes, rubble from
demolition activities, tires, bicycles, shopping carts,
and appliances.

Channel maintenance may be expected to yield
three positive results with respect to flooding and
related stormwater inundation problems. First,
periodic stream channel cleaning and maintenance
are important to maintain the integrity of the
flood stage profiles developed under the watershed
planning program. As noted in Chapter VIII of this
report, hydraulic, hydrologic, and flood economic
analyses completed under the watershed planning
program assume that the stream channels and the
hydraulic structure waterway openings will be
periodically cleaned of debris, heavy vegetation,
silt, and other deposits and properly maintained so
as to provide at least the amount of conveyance
capacity that existed at the time the hydraulic
system inventory was conducted for the watershed
planning program. Second, periodic cleaning and
maintenance of the stream channels is needed to
maintain the channel bottom profile at an eleva
tion below the invert of existing or planned storm
sewer and storm water channel outfalls in urban
areas and drainage tile and drainage ditch outfalls
in rural areas. Failure to provide such cleaning
and maintenance may result in partial or full block
age of the outfalls by debris, vegetation, silt, and
other deposits, in turn causing nuisance or serious
flooding or storm water inundation of urban areas
and of cropland. Third, cleaning and maintenance
of the watershed channel system are important
to reduce the probability that buoyant objects
and debris such as tree limbs, fence posts, scrap
lumber, and brush will be carried downstream
with the rising floodwaters and accumulate on
the upstream side of bridge and culvert waterway
openings, thereby partially blocking them and fur
ther increasing flood stages in areas of inundation.

While it is important for civil divisions and govern
mental agencies within the watershed affected by
or having jurisdiction over the stream system to
carry out channel maintenance, it is important to
recognize that such maintenance will have no sig
nificant effect on the peak stage of major flood
events as calculated and presented in this report. It
should be noted, however, that if such mainte
nance is not perfOQIled, the probability of debris
accumulating on the upstream side of bridge water
way openings is much greater and thus could result
in flood stages higher, as a result of such accumula
tions, than those calculated and presented in this



report. The intensive relationship of peak flood
stages to minor channel cleaning and alteration has
been quantified and documented in Commission
studies of flood problems in the City of West Allis
in the Root River watershed,7 the Village of Elm
Grove in the Menomonee River watershed,8 and
the Village of Pewaukee in the Fox River water
shed. 9 These studies have all indicated that channel
cleaning and maintenance will not, in itself, have
any significant effect on reducing peak flood stages.

Flood Insurance: The overriding objective of the
National Flood Insurance Program is to encourage
the purchase of flood insurance by individual
landowners to reduce the need for periodic federal
disaster assistance. From the perspective of the
owner of the flood-prone residential, commercial,
or industrial structure, federal flood insurance
provides a means of distributing monetary flood
losses in a relatively uniform manner in the form
of an annual flood insurance premium, and also
actually reduces the monetary flood losses in those
situations where the insurance premiums are fed
erally subsidized.

As of December 31, 1980, all of the communities
in the Pike River watershed except the Village of
Elmwood Park were participating in the federal
Flood Insurance Program. Such participation can
provide relief in the event that a serious flood
occurs prior to implementation of committed
or planned flood control measures. It is impor
tant to note that one of the requirements that
must be met by a community before citizens of
that community can participate in the federal

7 January 23, 1974 letter report to Milwaukee
County Executive and Milwaukee County Board
of Supervisors from SEWRPC concerning revalua
tion of Root River watershed plan as it relates to
flood problems in the City of West Allis, p. 17.

8 SEWRPC Planning Report No. 26, A Comprehen
sive Plan for the Menomonee River Watershed,
Volume Two, Alternative Plans and Recommended
Plan, Chapter IV, "Alternative Floodland Manage
ment Measures, " October 1976, pp. 116-117.

9 SEWRPC Community Assistance Planning Report
No. 14, A Floodland Management Plan for the Vil
lage of Pewaukee, Chapter III, "Alternative Flood
land Management Measures and Recommended
Floodland Management Plan," September 1977,
pp.100-101.

Flood Insurance Program is that the community
must enact land use controls which meet federal
standards for floodland protection and develop
ment. A very close tie, therefore, exists between
two of the nonstructural floodland management
~easures-the flood insurance program and flood
land regulations.

Lending Institution Policies: Lending institutions
have gradually become more aware of the flood
hazards associated with properties located in flood
land areas. The interest of lending institutions in
the possible flood-prone status of property has
been intensified as a result of the Federal Flood
Disaster Protection Act of 1973 which expanded
the National Flood Insurance Program. This Act
requires the purchase of flood insurance for a struc
ture within a flood hazard area when the purchaser
seeks a mortgage through a federally supervised
lending institution. The private lending institutions
in the southeastern Wisconsin area have largely
assumed the responsibility for the determination of
whether or not a property is in a flood-prone area.
This information is obtained by the lending institu
tion from the local units of government and the
Regional Planning Commission. Indications are that
the lending institutions are not reluctant to provide
mortgages on flood-prone structures provided that
federal flood insurance is secured by the owner of
the property.

Realtor Policies: As a result of an executive order
by former Governor Patrick J. Lucey of Wisconsin
on November 26, 1973, real estate brokers, sales
men, or their agents are strongly urged to properly
inform potential purchasers of property about any
flood hazards which may exist at the site. The
function of this floodland management measure
is to reduce the unwitting acquisition or construc
tion of flood-prone structures by providing flood
hazard information to prospective buyers.

Community Utility Policies: Local communities
may adopt policies relating to the extension of
certain public utility services that discourage con
struction in flood-prone areas. Such policies should
relate to the extension of streets and utilities such
as sanitary sewers and water mains. The location
and size or capacity of utility facilities tend to
influence the location of urban development. For
example, selection of a sewer alignment that paral
lels and lies close to or within a floodplain or
terminates at the edge of a floodplain may, in the
absence of other land use controls, result in the
construction of flood-prone residential, commer
cial, and industrial development. The sanitary sew-
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erage system development objectives and standards
which have been incorporated into the overall
development objectives and standards for the Pike
River watershed specify that floodlands should not
be served by sanitary sewers, and that analyses
related to the sizing of sanitary sewer system com
ponents should not assume the ultimate urbaniza
tion of those floodlands. Similar objectives and
standards can be established for water supply,
transportation, and other facilities and services by
the local units of government and other agencies
having responsibilities for such services and utilities
in the Pike River watershed. In addition to con
tributing to sound floodland management, com
munity utility policies that are restrictive in serving
flood-prone areas may have a significant economic
benefit in that the unit cost of utilities and services
constructed in flood-prone areas is normally higher
than the unit cost of such facilities and services
constructed in nonflood-prone areas. The incre
mental costs associated with sanitary sewer con
struction in flood-prone areas will also include
higher treatment cost as the result of potentially
increased clear water infiltration and inflow prob
lems that will probably develop in floodlands.

Emergency Programs: The function of an emer
gency program is to minimize the damage and dis
ruption associated with flooding through a coordi
nated preplanned series of actions to be taken
when a flood is impending or occurring. Such a pro
gram may include a variety of devices and tech
niques such as the installation of remote upstream
stage sensors and alarms, patrolling of riverine areas
to note when bankful conditions are imminent,
monitoring of National Weather Service flash flood
watch and warning bulletins during periods when
rainfall or snowmelt are occurring or are antici
pated, broadcasting emergency messages to com
munity residents over radio and television, using
police patrol cars or other vehicles equipped with
public address systems, utilizing a siren warning
system employing a special pattern to indicate that
flooding is occurring, preplanning road closures
and evacuation of residents, and the mobilization
of portable pumping equipment to relieve the sur
charge of sanitary sewers.

10 William K. Johnson, Physical and Economic Fea
sibility of Nonstructural Flood Plain Management
Measures, U. S. Army Corps of Engineers-Hydro
logic Engineering Center and Institute for Water
Resources, May 1977.

370

HYDROLOGIC-HYDRAULIC CONSEQUENCES
OF PLAN YEAR 2000 LAND USE

The purpose of developing and calibrating a water
resource simulation model under the Pike River
watershed planning program, as described in Chap
ter VIII of this report, was to provide a tool for
quantifying watershed hydrologic, hydraulic, and
water quality characteristics under existing and
future land use conditions within the watershed.
The results of applying the model to the stream
system of the Pike River watershed for existing
land use with existing channel and floodplain
conditions and for plan year 2000 land use with
existing channel and floodplain conditions are
described immediately below. Additional model
applications to portions of the watershed and its
stream system for plan design and evaluation pur
poses are discussed in Chapter VIII and in subse
quent sections of this chapter.

Procedure
Watershedwide applications of the simulation
model were made for the two combinations of land
use-channel/floodplain conditions noted above in
order to quantify the probable impact of future
urban development on flood flows and stages in
the Pike River watershed. In 1975, about 28 per
cent of the total area of the watershed was in
urban land use, whereas the year 2000 land use
plan for the watershed as described in Chapter XI
envisions that about 57 percent of the watershed
area will be devoted to urban land use. The hydro
logic and hydraulic submodels were applied to
each of the two combinations of land use-channell
floodplain conditions according to the procedure
described in Chapter VIII. The simulation analyses
resulted in corresponding flood flows at 38 selected
points on the stream system of the watershed
eight on the Pike River, four on Pike Creek, and
26 on various major tributaries as shown on
Map 37 in Chapter VIII. Twenty-four locations
were selected for comparison of flood flows under
the two land use-channel/floodplain conditions, as
shown on Map 45.

Discharge-frequency relationships at selected loca
tions were chosen as an effective means for com
paring and contrasting the hydrologic-hydraulic
response of the watershed to the two combinations
of land use-channel/floodplain conditions, inasmuch
as discharge-frequency relationships are concise
representations of the watershed or subwatershed
flood flow characteristics.



The hydraulic response of the watershed to the two
combinations of land use-channel/floodplain condi
tions was determined by computing and contrast
ing the 100-year recurrence interval flood stages
for each condition. The impact of the two com
binations of land use-channel/floodplain conditions
was also quantified by computing and comparing
the average annual monetary flood risks for selected
flood-prone reaches under existing (1975) and plan
year 2000 development conditions as presented in
subsequent sections of this chapter which discuss
alternative floodland management plan elements.

Discussion of the Hydrologic-Hydraulic Response
of the Watershed to Plan Year 2000 Land Use
The 10-, 50-, and 100-year recurrence interval
discharge-frequency data for the existing and
planned land use and existing channel conditions
in the watershed are presented in Table 84. The
discharge-frequency relationships, shown graphi
cally in Figures 53 through 56, demonstrate and
quantify the expected hydrologic-hydraulic impact
of land use changes. The following discussion
draws on the results of the watershedwide simula
tion modeling to identify the locations at which
significant flood discharge and stage changes may
be expected to occur, and to indicate the magni
tude and significance of those impacts.

Discharge-Frequency Relationships: Figures 53
through 56, which present discharge-frequency
relationships for four watershed locations under
each of the two land use-channel/floodplain con
ditions, are typical of the discharge-frequency rela
tionships that exist or may be expected to exist
within the watershed under the two land use
development conditions investigated. It may be
noted that the two discharge-frequency curves at
each location are approximately parallel, with
a tendency, however, for the curves to converge
as the severity of flood events increases. If the
discharge-frequency relationships for any two land
use-channel/floodplain conditions at a given loca
tion on the stream system were exactly parallel,
then a constant ratio of flood flows would exist
between the two conditions. A slight convergence
of discharge-frequency relationships for increasing
recurrence intervals indicates that the ratio of
flood flows for the two conditions decreases
slightly for more infrequent flood events. There
fore, the relative impact of land use tends to be
somewhat less for the more severe flood events-as
indicated by a slight decrease in ratios of flood
flows shown in Table 84. This is to be expected
because the volume and intensity of rainfall and

rainfall-snowmelt which is associated with the more
severe flood events saturate the pervious portions
of the watershed, causing those areas to behave in
a manner similar to impervious areas.

SELECTION OF FLOOD-PRONE REACHES

Development of the floodland management ele
ment of the comprehensive plan for the Pike River
watershed requires that the existing and probable
future flood-prone reaches within the watershed
be identified, and alternative floodland manage
ment measures developed and evaluated for those
reaches which have or may be expected to have
severe flood problems. A two-step approach was
used to determine the stream reaches for which
alternative floodland management measures were
to be developed. The first step involved the hydro
logic-hydraulic simulation of flood flows and stages
under existing land use and existing channel and
floodplain conditions to identify existing flood
prone reaches and areas. The results of this step
were checked against the findings of the historic
flood damage survey conducted under the water
shed study. The second step involved the hydro
logic-hydraulic simulation of flood flows and
stages under plan year 2000 land use and existing
channel and floodplain conditions, including in
the latter, however, any locally committed flood
control measures to identify those areas in the
watershed which may be expected to be flood
damage prone under the plan year 2000 land use
conditions without implementation of any further
floodland management measures. The results of
this two step approach to the identification of the
flood-prone areas of the watershed, and the sub
sequent design and evaluation of alternative flood
damage abatement measures are described in the
following sections of this chapter on a reach-by
reach basis.

ALTERNATIVE FLOODLAND MANAGEMENT
PLAN ELEMENTS FOR BARTLETT BRANCH

The Flood Problem
The hydrologic-hydraulic simulation of Bartlett
Branch under existing land use and existing chan
nel and floodplain conditions indicated that for
the reach beginning 0.24 mile upstream from the
confluence with the Pike River and extending
upstream about 1.2 miles to CTH C, there exists
the potential for significant flood damage to homes
and minor flood damage to crops, with most of
the flood damage to homes occurring upstream
of Spring Street. Average annual monetary flood
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Map 45 I
EFFECTS OF CHANGING LAND USE ON lOO-YEAR FLOOD FLOWS IN THE PIKE RIVER WATERSHED

I

L.OCATION SELECTEO FOR COMP,,"!I15OO1 Of' FLOOO
/"LOWS UNDER EXISTING /ONO YE.6.!1 2000 PLANNED
LAND USE CONDITIONS

LEGEND

2 PI...6NNEO VEA" 2000

t

EKISTING 197~

..,
•..n't .0'"

•
LAND USE CONDITIONS

Analysis conducted under the watershed study indicates
that relative to existing and year 2000 planned land use
conditions, lOO-year flood flows in the watershed under
the year 2000 planned land use conditions and existing
channel and floodplain condition may be expected to
increase by up to 90 percent at 26 locations in the
watershed, with an average increase of about 30 percent
(see Table 84).

MJeHIGA""

....
......

---+-- \d/---f'----

t
'.

.'
._. t

••• ..•••• 1'.,
"

t

........... . .
," ,.0·. ".. ..... 0 :.

".

-j,- ~'--+~~
,~~fli~~T~o~~t~i~r:
• WITH THE P1lCl ""'"MOOD •

/
f

.'

/'

-~'~
:~j

~_J

I
•-- :---<')-+---'------.:::+::':.,

Source: SEWRPC.

372



Map 45 (continued)
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Map 45 (continued)

R.M.O.OO
BARTLETT BRANCH

AT THE CONFLUENCE
WITH THE PIKE RIVER

8 ......-----------.
ui
0.:
U
II.r1------...~;:~~~..~~..~~;---1
~41_-----~~1-__1

~ r.:t.f.:~.~:~.~:~ ~i~i~i~i
IAI .:.:.:.:
~21--'"~1--*';.;.;1---1

~ ~:}~: :.~..::.:.~..::..~:.:.:...::.:::~ ~~~~~~~~........o ............,.;.w;....._ ........_ ...

I 2

LAND USE CONDIT ION

R.M.O.OO
SOMERS BRANCH

AT THE CONFLUENCE
WITH PIKE CREEK8r----------,

6 t---'----==--1

!~!~!~!
4 t------ti:"ffl'--1

IT ~:.~:.~:.~:.~:.~:.~:.:~: ~: ~: ~.
2 t-~~+-~~--1

I 2

LAND USE CONDITION

R.M.O.OO
SORENSON CREEK AT

THE CONFLUENCE
WITH THE PIKE RIVER

12

TI
10 t------e;,~t---1

~~~~~~~
:::::::

::::.'::::.:::'.:::::. ::::::::::::::o .........II.;w;......_.IW;~_...I
2

LAND USE CONDITION

374

R.M.O.OO
WAX DALE CREEK AT

THE CONFLUENCE
WITH THE PIKE RIVER

8

6 t---------1

4 t---------1

I 2

LAND USE CONDITION

R.M.O.OO
AIRPORT BRANCH

AT THE CONFLUENCE
WITH PIKE CREEK8r--------..,

'»:;::'
6 :

~•....
:4

: : :
: :

::
: ::

2 : :
: :::

:. :
: :

::: : :::
I 2

LAND USE CONDITION

R. M. 1.56
SORENSON CREEK AT

CTH KR/KENOSHA-RACINE
COUNTY LINE

12 r---------..,

2

LAND USE CONDITION

R.M.0.47
WAXDALE CREEK UPSTREAM

OF THE MILWAUKEE
ROAD RAILROAD

II r------'---...,
~

: : :::
6

% ~~.... ::::: ::: :
4

~~~:
2

:

~~~
:::.:: :: :: ::
I 2

LAND USE CONDITION

R.M.O.OO
TRIBUTARY TO AIRPORT

BRANCH ATTHE CONFLUENCE
WITH AIRPORT BRANCH

8 .......-------...,

6 1---------1

4 1------1I':":":":"~.~..*.t--i

'»» ::::::::
2 1---1~.:.+:.:H..t-~::.~::.::.::.+::.::.::.~::. f---1

m~~~~~ .
~:~:~:~: :::::::~

O .....~=;,;l",.-.&;;;j~.......

I 2
LAND USE CONDITION

R.M.O.OO
KENOSHA BRANCH

AT THE CONFLUENCE
WITH THE PIKE RIVER

12

10 1----------;

8 1----------1

6 t----------1

o
I 2

LAND USE CONDITION

R.M.O.OO
TRIBUTARY TO WAXDALE CREEK

AT THE CONFLUENCE
WITH WAX DALE CREEK

8 r--------..,

o
6 1_-----~·;:,:·:H·:,:;·:l-__1

::::::::

r;':':':': '.:.~.~.~:.'.~:.'.~.:.:.:.:.:.:.:.: .:.:.:.:
4 t---t.~!1--~~--1

I 2

LAND USE CONDITION

R.M.O.OO
NELSON CREEK AT THE

CONFLUENCE WITH
SORENSON CREEK

8

6 t---------1

4 t---------1

I 2

LAND USE CONDITION

R.M.0.85
KENOSHA BRANCH DOWNSTREAM

OF ABANDONED CHICAGO
NORTHSHORE RAILROAD

12

10 1----------1

~........
8

::::::: ,:":,.:.::0::::0::'::

~~~I: .:.:.:.:
o ....._.1.:......,;;......1-......:...:.;0:.:...1-....

2

LAND USE CONDITION



damages attributable to primary and secondary
structural flooding and flooding of crops were esti
mated, by application of the economic submodel
described in Chapter VIII, at $800 under existing
conditions, and $26,300 under plan year 2000
land use and existing channel conditions assuming
that no new flood-prone structures would be con
structed in the subwatershed. The increase in dam
ages would be caused solely by increases in flood
flows and stages caused by the conversion of land
from rural to urban use in the tributary drainage
area. If additional flood-prone development were
permitted, even higher monetary damages could be
expected to be incurred. Under existing conditions,
flood damages of about $27,000 may be expected
to be incurred during a 100-year recurrence inter
val flood event; however, no damages should be
incurred from a flood event having a recurrence
interval of 25 years or less. Under plan year 2000
land use and existing channel conditions, flood
damages of about $50,000 and $481,200 may be
expected to be incurred, respectively, during the
10- and 100-year flood events.

As noted above, only minor flood damage to crops
is expected to be incurred along Bartlett Branch,
amounting to about $700 on an average annual
basis under plan year 2000 land use conditions,
and less than $200 under existing conditions.
Analyses of alternative flood control measures such
as dikes, detention ponds, or major channelization
for other stream reaches as described elsewhere
herein indicated that the cost of any technically
feasible flood control measures which would alle
viate these minor crop damages would grea~ly

exceed the benefits received. Accordingly, the
alternative flood control measures were designed
to abate urban damages only.

Structure Floodproofing and Elevation Alternative
A structure floodproofing, elevation, and removal
alternative flood control plan was prepared and
evaluated to determine if such a structure-by
structure approach would be a technically fea
sible and economically sound solution to the urban
flood damage problems along Bartlett Branch. For
analytical purposes, the 100-year recurrence inter
val flood stage under plan year 2000 land use and
existing channel and floodplain conditions was
used to estimate the number of existing floodprone
structures to be floodproofed, elevated, or removed
and the approximate costs involved.

In the case of residential structures in the primary
flood hazard area, floodproofing was assumed to
be feasible if the design flood stage was below the

first floor elevation. Structure elevation was con
sidered feasible for residential structures with
basements if the estimated cost of elevating the
structure was less than the estimated structure
removal cost. Structures to be elevated were
assumed to have the first floor raised to an eleva
tion two feet higher than the 100-year recurrence
interval flood stage to provide adequate freeboard.
For aesthetic reasons, structure elevation was
limited to a maximum of four feet. Structures
which would have to be elevated more than four
feet were considered for removal.

Floodproofing was assumed to be feasible for all
nonresidential structures within the primary flood
hazard area provided the flood stage was not more
than seven feet above the first floor elevation. The
floodproofing costs were assumed to be a function
of the depth of water over the first floor. With
respect to structures located in the secondary flood
hazard area, that is, outside of but immediately
adjacent to the 100-year recurrence interval flood
hazard area, and where the analyses indicated the
100-year recurrence interval flood stage could be
expected to occur for a sufficient duration to
create the potential for such secondary flooding, it
was assumed that floodproofing would be applied
to all structures with basement floors below the
elevation of the design flood stage.

As shown on Map 46, the analysis indicated that
41 structures may be expected to be located in
the primary flood hazard area, and nine may be
expected to be located in the secondary flood
hazard area along Bartlett Branch. Of the 41 struc
tures located in the primary flood hazard area,
13 would have to be elevated, 28 would have to
be floodproofed, and none would have to be
removed under this alternative. All nine structures
in the secondary flood hazard area would have to
be floodproofed. Future flood damage to the exist
ing private residences along this reach would be
virtually eliminated by these floodproofing and
elevation measures. Table 85 sets forth the number
and type of structures to be floodproofed and
elevated and also summarizes the estimated costs
and benefits.

Assuming that these structure floodproofing mea
sures would be fully implemented, and utilizing an
annual interest rate of 6 percent11 and a pro-

11 This interest rate is discussed on page 31 of
Chapter X.
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Table 84

HYDROLOGIC EFFECT OF CHANGING LAND USE IN THE PIKE RIVER WATERSHED

Discharge
Ratio of

Year 2000
(cubic feet per second)

Planned Land
Location

Recurrence Existing Plan Year Use Flow
River Interval (1975) 2000 to Existing

Stream Mile Description (years) Land Use Land Use Land Use Flow

Pike River 0.00 Confluence with 10 1,920 2,500 1.1
Lake Michigan 50 3,060 3,500 1.1

100 3,720 3,950 1.1

2.00 Upstream of Alford Park 10 1,880 2,500 1.4
50 3,060 3,490 1.0

100 3,820 3,930 1.0

3.50 Upstream of CTH E/12th Street 10 1,920 2,510 1.3
50 3,200 3,450 1.1

100 3,880 3,870 1.0

5.30 Downstream of 10 1,660 2,280 1.4
CTH Y/22nd Avenue 50 2,830 3,260 1.2

100 3,400 3,660 1.1

6.60 At CTH G/Wood Road 10 1,600 2,270 1.4
50 2,780 3,250 1.2

100 3,420 3,700 1.1

9.60 Upstream of Confluence 10 1,150 1,560 1.4
of Pike Creek 50 2,050 2,160 1.1

100 2,550 2,430 1.0

12.50 Upstream of Braun Road 10 760 1,500 2.0
50 1,550 2,410 1.6

100 1,800 2,680 1.5

14.70 Downstream of 10 320 780 2.4
STH 20/Washington Avenue 50 830 1,250 1.5

100 980 1,390 1.4

Pike Creek 0.00 Confluence with Pike River 10 600 880 1.5
50 1,000 1,340 1.3

100 1,150 1,650 1.4

3.10 Downstream of 10 600 880 1.4
CTH L!Lichter Road 50 1,040 1,290 1.2

100 1,250 1,530 1.2

4.86 At STH 142 10 360 780 2.2
50 600 1,220 2.0

100 740 1,400 1.9

6.45 At CTH K/60th Street 10 250 390 1.6
50 510 700 1.4

100 610 810 1.3

Bartlett Branch 0.00 Confluence with Pike River 10 200 300 1.5
50 310 520 1.7

100 360 590 1.6

Waxdale Creek 0.00 Confluence with Pike River 10 130 170 1.3
50 230 250 1.1

100 250 280 1.1

0.47 Upstream of the 10 270 400 1.5
Milwaukee Road Railroad 50 510 650 1.3

100 570 720 1.3
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Table 84 (continued)

Discharge
Ratio of

Year 2000
(cubic feet per second)

Planned Land
Location

Existing Plan Year Use FlowRecurrence
River Interval (1975) 2000 to Existing

Stream Mile Description (years) Land Use Land Use Land Use Flow

Tributary to 0.00 Confluence with 10 230 370 1.6
Waxdale Creek Waxdale Creek 50 430 650 1.5

100 490 750 1.5

Ch icory Creek 0.00 Confluence with Pike River 10 30
a 1.0

50 90
a 1.0

100 140 --a 1.0

Lamparek Ditch 0.00 Confluence with Pike River 10 30
a 1.0--

50 150 --a 1.0

100 220 a 1.0--

Somers Branch 0.00 Confluence with Pike Creek 10 100 110 1.1

50 180 260 1.4

100 220 320 1.5

Airport Branch 0.00 Confluence with Pike Creek 10 190 330 1.7

50 320 420 1.3

100 360 440 1.2

Tributary to 0.00 Confluence with 10 110 240 2.2
Airport Branch Airport Branch 50 210 360 1.7

100 250 410 1.6

Nelson Creek 0.00 Confluence with 10 70 120 1.7

Sorenson Creek 50 120 210 1.7

100 140 240 1.7

Sorenson Creek 0.00 Confluence with Pike River 10 360 630 1.7
50 740 1,010 1.4

100 860 1,080 1.3

1.56 At CTH KR/Kenosha- 10 400 720 1.8

Racine County Line 50 790 1,150 1.5

100 940 1,240 1.3

Kenosha Branch 0.00 Confluence with Pike River 10 250 490 2.0

50 460 790 1.7

100 530 870 1.6

0.85 Downstream of Abandoned 10 240 480 2.0

North Shore Railroad 50 450 780 1.7

100 530 860 1.6

Maximum ratio of 1O-year discharges 3.0

Minimum ratio of 10-year discharges 1.0

Median ratio of 1O-year discharges 1.6

Maximum ratio of 1OO-year discharges 1.9

Minimum ratio of 100-year discharges 1.0

Median ratio of 1OO-year discharges 1.4

aNo change in land use.

Source: SEWRPC.
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Figure 53

SIMULATED DISCHARGE-FREQUENCY RELATIONSHIPS FOR THE
PIKE RIVER AT THE CONFLUENCE WITH LAKE MICHIGAN UNDER

EXISTING AND PLAN YEAR 2000 LAND USE CONDITIONS
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Figure 54

SIMULATED DISCHARGE-FREQUENCY RELATIONSHIPS FOR THE
PIKE RIVER UPSTREAM OF THE CONFLUENCE OF PIKE CREEK

UNDER EXISTING AND PLAN YEAR 2000 LAND USE CONDITIONS
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Figure 55

SIMULATED DISCHARGE-FREQUENCY RELATIONSIP FOR
PIKE CREEK AT THE CONFLUENCE WITH THE PIKE RIVER UNDER

EXISTING AND PLAN YEAR 2000 LAND USE CONDITIONS

40

200

100
90

80

70

50

Ul

500 ~

z
400 ~

"'""3003
Ul

"

60

600

1,000

900

800

700

2,000

PERCENT PROBABILITY OF OCCURRENCE OR EXCEEDANCE IN ANY YEAR

99 98 95 90 80 70 60 50 40 30 20 10 5 2 I 0.5 0.2 0.10.05 0.01
3,000

/"
/

/'
/'

/' /'
/

./ ./'
1/ V

../
/

/
V

/'
v .... V

..... V
v V

V
V

./

1/
./' LEGEND

1/
EXISTING LAND USE CONDITIONS

1/ --
-- YEAR 2000 PLANNED LAND

USE CQND I T IONS

100
90

80

70

400

500

60

50

40

200

300

1,000

900

800

700

600

99.99 99.999.8
3,000

2,000

1.0001 1.001 1.002 1.01 1.02 1.05 1.11 1.25 1.43 1.67 2 2.5 3.33 5 to 20

RECURRENCE INTERVAL IN YEARS

50 100 200 500 10,000

Source: SEWRPC.

Figure 56

SIMULATED DISCHARGE-FREQUENCY RELATIONSHIPS FOR
PIKE CREEK DOWNSTREAM OF CTH L/L1TCHER ROAD UNDER

EXISTING AND PLAN 'rEAR 2000 LAND USE CONDITIONS
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Map 46

STRUCTURE FLOODPROOFING AND ELEVATION ALTERNATIVE FOR BARTLETT BRANCH
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A structure floodproofing and elevation alternative flood control plan was prepared and evaluated to determine if such a measure would provide a technically feasible and economically sound solution
to the urban flood damage problem along Bartlett Branch. Under this alternative, 37 structures would have to be floodproofed and 13 structures would have to be elevated. While technically feasible,
this alternative was found to be economically unsound.

Source: SEWRPC.



Table 85

PRINCIPAL FEATURES, COSTS, AND BENEFITS OF FLOODLAND
MANAGEMENT ALTERNATIVES FOR BARTLETT BRANCH

Economic Analysis8

Nontechnical and
Noneconomic Considerations

Annual
Amortized

Alternative Capital Cost Capital
f---,.-----,---------1 Technically f-----,---"'----,----,--i Cost

Number Name Description Feasible Item (thousands) (thousands)

Annual
Operation and
Maintenance

Cost
(thousands)

Total
Annual

Cost
(thousands)

Annual
Benefits

(thousands)

Excess
of Annual

Benefits
Over Cost
(thousands)

Benefit

Cost
Ratio

Benefit
Cost

Ratio
Greater

Than 1.0 Positive Negative

No action

Structure
floodproofing
and elevation

8. Floodproof
upto 37
residential structures

b. Elevate 13
residential structures

Yes

Yes Floodproofing
Elevating

Subtotal

161.0
259.0

420.0

$ ..

22.5

$ .. $ 25.6b

27.5

$ ..

25.6

$ ..

-1.9 0.93

No

No Immediate partial
flood relief at
discretion of
property owners

Most of the costs:
would be borne
by beneficiaries'

Complete, voluntarv
implementation
unlikely and
therefore left with
a significant
residual flood
problem

Some floodproofing
is likely to be applied
without adequate
professional advice
and, asa result,
structure damage
may occur

Yes Floodproofing 7.6
Elevating 20.8
Onsite detention

storage facilities 280.8

Subtotal 309.2

V" Culvert 32.4
Onsite detention

storage facilities 280.8

Subtotal 313.2

..d ..d ••d ..d ..d .d ..d Potential to . .e

retain public
open space

19.6 6.2 25.8 25.6 0.2 O.ggC No See Alternative 2
above

Yes See structure
floodproofing
and elevation
above

Dike-structure
floodproofing
and elevation
composite

Culvert
replacement
channel
enlargement
composite

Detention
storage

Onsite detention
storage, and
structure
floodproofing

and elev~t~n

composite

Onsite detention
storage and
bridge
modification
compositee

a. 900 feet of
earthen dike

b. Drainage culvert
c. Floodproof seven

residential structures
d. Elevate four

residential structures

a. Replace four
stream crossings

b. 1.08 miles of
channel
enlargementC

Detention storage
reservoir upstream
of CTH C

a. Floodproof two
residential structures

b. Elevate one
residential structure

c. Provide onsite
detention storage
facilities

a. Culvert addition
at Stuart Road

b. Provide onsite
detention storage
facilities

Yes

No

Dike 57.3
Culvert and

backwater gate 0.5
Floodproofing 26.6
Elevating 88.9

Subtotal 173.3

Bridges 1,380.0
Channel 210

Subtotal 1,590.0

..d .d

11.0

100.0

19.7

0.5

1.0

6.2

11.5

101.0

25.9

25.6

25.6

25.6

14.1

- 74.5

0.3

2.49

0.25 No

No Potential to
retain public
open space

Aesthetic impact
of visual barrier

See structure
floodproofing
and elevation
above

aEconomic analyses are based on an annual interest rate of 6 percent and a 50-year amortization period and
project life.

b The total annual cost for this alternative consists of the average annual monetary flood damages.

c The cost of the enlarged channel is based on a bottom width of 20 feet, a top width of 100 feet and an average
depth of 11 feet, with side slopes of three horizontal to one vertical.

dEconomic analyses were not done for t6chnically impractical alternatives.

Source: SEWRPC.

ject life and amortization period of 50 years,
the average annual cost is estimated at $27,500,
consisting entirely of the amortization of the
$420,000 capital cost-$161,000 for floodproofing
and $259,000 for structure elevation. The average
annual flood damage abatement benefit was esti
mated at $25,600 per year, yielding a benefit-cost
ratio of 0.93. Therefore, the structure floodproof
ing and elevation alternative plan as described
herein, while technically feasible, was not found
to be economically sound.

Combination Dike and Structure
Floodproofing and Elevation Alternative
A combination dike and structure floodproofing,
elevation, and removal alternative flood control

eThe economic analyses included costs for onsite storage. It should not be concluded that onsite storage is
uneconomical based upon these data, since the use of onsite storage may permit the size and length of local
storm water drainage facilities to be reduced with attendant cost reductions. The viability of onsite storage in

this respect should be evaluated on a site specific basis.

fExclUding the cost for onsite $Otrage and the benefits attendant thereto, the ratiO of total average annual bene

fits to public costs is 0.49_

gExcluding the cost for onsite storage and the benefits attendant thereto, the ratiO of totiJl average annual bene

fits to public costs is 0.55.

hExcluding the cost for onsite storage and the benefits attendant thereto, the ratio of total average annual bene

fits to public costs is 0.88.

plan was also prepared and evaluated in order to
determine if such a combination measure would
provide a technically feasible and economically
sound solution to the urban flood damage prob
lems along Bartlett Branch. The 100-year recur
rence interval flood discharge under plan year 2000
land use and existing channel conditions was used
as the basis for the design of this alternative.

The dike and structure floodproofing and eleva
tion alternative flood control plan for Bartlett
Branch, is shown on Map 47 and the costs and
benefits attendant to this alternative are set forth
in Table 85. The assumed dike design is shown in
Figure 52. Under this alternative, a total of about
900 feet of earthen dike with an· average height of
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COMBINATION DIKE AND STRUCTURE FLOODPROOFING AND ELEVATION ALTERNATIVE FOR BARTLETT BRANCH
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A combination dike and structure f1oodproofing and elevation alternative flood control plan was prepared and evaluated to determine if such a measure would provide 8 technically feasible and economi
cally sound solution to the urban flood damage problem along Bartlett Branch. Under this alternative, about 900 feet of earthen dike would be constructed about 1,100 feet east of. and approximately
parallel to, Bartlett Branch between CTH C and Spring Street. In addition, seven structures would have to be floodproofed and four structures would have to be elevated. This alternative was found to
be both technically feasible and economically sound.

Source: SEWRPC.
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about five feet and a maximum height of about
nine feet, would be constructed about 1,100 feet
east of, and approximately parallel to, Bartlett
Branch between CTH C and Spring Street, thus
eliminating the potential flooding of the existing
structures located upstream of Spring Street. In
addition, this alternative would have to include
provisions for the construction of a drainage
system consisting of a 12-inch diameter corrugated
metal pipe culvert through the dike, the culvert
being equipped with a backwater gate to prevent
the accumulation of lateral runoff behind the dike,
the backup of flood waters through the cul
vert, and the attendant creation of local drainge
problems. Under this alternative, structure flood
proofing and elevation would also be required
downstream of Spring Street.

As shown on Map 47, the analysis indicated that
a total of seven residential structures may be
expected to be located in the primary flood hazard
area along this reach of Bartlett Branch and four
residential structures may be expected to be
located in the secondary flood hazard area. Of
the seven structures located in the primary flood
hazard area, four structures would have to be
elevated, three structures would have to be flood
proofed, and none would have to be removed
under this alternative. The four structures located
in the secondary flood hazard area would have to
be floodproofed. Future flood damage to residen
tial structures along this reach would be virtually
eliminated by these floodproofing and elevation
measures. Table 85 sets forth the number and type
of structures to be floodproofed and elevated and
also summarizes the estimated costs and benefits.

Assuming that the dike project and structure flood
proofing and elevation measures would be fully
implemented, and utilizing an annual interest rate
of 6 percent and a project life and amortization
period of 50 years, the average annual cost is esti
mated at about $11,500, consisting of the amorti
zation of the $173,300 capital cost-$26,600 for
floodproofing, $88,900 for structure elevation, and
$57,800 for the dike and appurtenant culvert-and
$500 per year for operation and maintenance of
the dike. The average annual flood damage abate
ment benefit is estimated at $25,600, resulting in
an excess of $14,100 in annual benefits over costs
and a benefit-cost ratio of 2.23. Therefore, the
combination dike and structure floodproofing and
elevation alternative plan, as described herein, was
found to be both technically feasible and economi
cally sound along Bartlett Branch.

The cost of this alternative plan was also computed
utilizing an annual interest rate of 10 percent to
determine the effect on the economic viability
of this project. Assuming this interest rate, the aver
age annual cost was estimated at about $17,800,
resulting in an excess of $7,800 in annual benefits
over costs, and a benefit-cost ratio of 1.44. There
fore, the combination dike and structure flood
proofing and elevation alternative was found to
also be economically sound using a 10 percent
annual interest rate.

Culvert Replacement and
Channel Enlargement Alternative
An alternative flood control plan consisting of cul
vert replacement and channel enlargement was pre
pared and evaluated for Bartlett Branch upstream
of the Chicago & North Western Transportation
Company crossing. Under this alternative, the Chi
cago & North Western Transportation Company,
Stuart Road, Clinton Lane extended, and Spring
Street crossings would be replaced with clear span
bridges, and the existing channel from the railroad
crossing upstream to CTH C, a distance of about
1.1 miles, would be enlarged, as shown on Map 48.
The physical characteristics and estimated costs of
this alternative flood control plan element are set
forth in Table 85.

Assuming that the culvert replacement and chan
nel enlargement alternative would be fully imple
mented, and utilizing an annual interest rate of
6 percent and a project life and amortization
period of 50 years, the average annual cost is esti
mated at $101,000, consisting of amortization of
the $1,590,000 capital cost of the bridge replace
ment and channelization, and $800 in annual opera
tion and maintenance costs for the channelized
reach. The average annual flood abatement benefit
was estimated at about $25,600, yielding a benefit
cost ratio of 0.25. Therefore, the culvert replace
ment and channel enlargement alternative, as
described herein, while technically feasible was not
found to be economically sound.

Combination Onsite Storage, and Structure
Floodproofing and Elevation Alternative
A combination onsite storage, and structure flood
proofing, elevation, and removal alternative flood
control plan, as shown on Map 49, was prepared
and evaluated for Bartlett Branch. This alternative
assumes the continued application of the Town of
Mt. Pleasant policy requiring that onsite storm
water detention facilities be provided as land is
converted from rural to urban use to prevent
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CULVERT REPLACEMENT AND CHANNEL ENLARGEMENT ALTERNATIVE FOR BARTLETT BRANCH
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A culvert replacement and channel enlargement alternative flood control plan was prepared and evaluated to determine if such a measure would provide a technically feasible and economically sound
solution to the urban flood damage problem along Bartlett Branch. Under this alternative, four crossings of Bartlett Branch would be replaced with clear span bridges, and about 1.1 miles of existing
channel would be enlarged. While technically feasible, this alternative was found to be economically unsound.

Source: SEWRPC.
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Map 49

COMBINATION ON SITE STORAGE AND STRUCTURE FLOODPROOFING AND ELEVATION ALTERNATIVE FOR BARTLETT BRANCH
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A combination ensite storage and structure floodproofing and elevation alternative flood control plan was prepared and evaluated to determine if such a measure would provide a technically feasible
and economically sound solution to the urban flood damage problem along Bartlett Branch. Under this alternative. onsite detention storage facilities would be provided by developers as land is con
verted from rural to urban uses. In addition, two structures would have to be floodproofed and one structure would have to be elevated. While technically feasible, this alternative was found to be
economically unsound.

Source: SEWRPC.



any increase in peak flood discharges and corres
ponding stages resulting from such urbanization
up to and including the 100-year recurrence inter
val event.

The analysis, as set forth in Table 85, indicated
that three structures may be expected to be
located in the primary flood hazard area, and no
structures may be expected to be located in the
secondary flood hazard area. Of the three struc
tures located in the primary flood hazard area, one
structure would have to be elevated, and two struc
tures would have to be floodproofed. None of
the structures would have to be removed under
this alternative. Future flood damage to private
residences and commercial structures along this
reach would be virtually eliminated by these flood
proofing measures and the assumed onsite storage.
Table 85 sets forth the number and type of struc
tures to be floodproofed and elevated and also
summarizes the estimated costs and benefits.

Assuming that the onsite storage and structure
floodproofing measures would be fully imple
mented, and utilizing an annual interest rate of
6 percent and a project life and amortization
period of 50 years, the average annual cost is esti
mated at about $25,800, consisting of the amorti
zation of the $309,200 capital cost-$280,800 for
onsite detention storage, $7,600 for floodproofing,
and $20,800 for structure elevation-and $6,200 in
annual operation and maintenance cost of the stor
age facilities. Although the onsite detention storage
facilities could be provided by the land developer
at no cost to the Town of Mt. Pleasant, the esti
mated capital cost of these facilities of $280,000
and the estimated annual operation and mainte
nance cost of $6,200 are properly included in any
economic analysis of this alternative when eval
uating major flood control alternatives on an
areawide basis. The average annual flood damage
abatement benefit is estimated at $25,600, result
ing in a benefit-cost ratio of 0.99. On the basis of
these findings, it should not be concluded that
onsite storage is uneconomical in every case. In this
respect it should be recognized that onsite storage
may permit the size and length of local stormwater
drainage facilities to be reduced with attendant
cost reductions. The viability of onsite storage in
this respect should be evaluated on a site specific
basis. Excluding the cost for onsite storage and the
benefits attendant thereto, the ratio of total aver
age annual benefits to public costs is only 0.49.

Therefore, the onsite storage and structure flood
proofing and elevation plan element as described
herein, while technically feasible, was not found to
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be economically sound.

Combination Onsite Storage and
Bridge Modification Alternative
An alternative flood control plan consisting of
a combination of onsite storage and bridge modi
fication was prepared and evaluated for Bartlett
Branch upstream of the Chicago & North Western
Transportation Company crossing. This alternative
also assumes the continued application of the
Town of Mt. Pleasant policy requiring that onsite
storm water detention facilities be provided as land
is converted from rural to urban use to prevent any
increase in peak flood discharges and correspond
ing stages resulting from such urbanization up to
and including the 100-year recurrence interval
event. Under this plan element, an additional six
foot diameter concrete culvert would be added to
the two existing six-foot diameter concrete culverts
under Stuart Road. The physical characteristics
and estimated costs of this alternative flood con
trol plan element are shown on Map 50 and are set
forth in Table 85.

Assuming that the onsite storage and bridge modi
fication alternative would be fully implemented,
and utilizing an annual interest rate of 6 percent
and a project life and amortization period of
50 years, the average annual cost is estimated
at $25,900, consisting of amortization of the
$313,200 capital cost of the onsite detention
storage and the culvert addition, and $6,200 in
annual operation and maintenance cost of the
storage facilities. Although the onsite detention
storage facilities could be provided by the land
developers at no cost to the Town of Mt. Pleasant,
the estimated capital cost of these facilities of
$280,800, and the estimated annual operation and
maintenance cost of $6,200, are all properly
included in any economic analysis of this alterna
tive when evaluating major flood control alterna
tives on an areawide basis. The average annual
flood damage abatement benefit is estimated at
$25,600, resulting in a benefit-cost ratio of 0.99.
In this respect it should be recognized that onsite
storage may permit the size and length of local
storm water drainage facilities to be reduced with
attendant cost reductions. The viability of onsite
storage in this respect should be evaluated on a site
specific basis. Excluding the costs for onsite stor
age and the benefits attendant thereto, the ratio
of the total average annual benefit to public costs
is still only 0.88. The onsite storage and bridge
modification plan element, as described herein,
while technically feasible was not found to be
economically sound.
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A combination onsile storage and bridge modification alternative flood control plan was prepared and evaluated to determine if such a measure would provide a technically feasible and economically
sound solution to the urban flood damage problem along Bartlett Branch. Under this alternative, ensile detention storage facilities would be provided by developers as land is converted from rural to
urban uses. In addition, one bridge would have to be modified. While technically feasible, the alternative was found to be economically unsound.

c.J Source: SEWRPC.
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ALTERNATIVE FLOODLAND MANAGEMENT
PLAN ELEMENTS FOR WAXDALE CREEK
AND THE TRIBUTARY TO WAXDALE CREEK

The Flood Problem
The hydrologic-hydraulic simulation of Waxdale
Creek and the tributary to Waxdale Creek under
existing land use, channel, and floodplain condi
tions indicated that for the reach upstream of the
Chicago, Milwaukee, St. Paul & Pacific Railroad
Company (The Milwaukee Road) crossing, there
exists the potential for only minor flood damage
to crops and no damage to any residential struc
tures. Under existing conditions, flood damages of
about $1,000 during a 100-year recurrence interval
flood event, and about $400 during a 10-year
recurrence interval flood event may be expected
to be incurred. Under plan year 2000 land use and
existing channel and floodplain conditions, flood
damages of about $1,000 and $600 would be
expected to be incurred, respectively, during 100
and 10-year events.

The potential also exists for the flooding of certain
areas of the S. C. Johnson & Sons plant located
immediately upstream of the Milwaukee Road
crossing. Precise estimates of damage to such
a major industrial facility requires intimate know
ledge of the plant operations, materials handling
equipment, production schedules, and structural
data on the individual buildings themselves. Review
of the available site development plans, however,
indicated that the first floor elevations of all of the
existing buildings within the plant site should be
above the elevation of the design flood, thus elimi
nating the potential for any significant flood
damage. The review of the available site develop
ment plans also indicated that few buildings have
basements, and those basements that do exist do
not have any means whereby floodwaters can
readily enter and cause damage. Accordingly, the
only problems resulting from flooding of certain
areas of the plant site would be related to inter
ference with vehicle movements through the plant
site vehicle loading and unloading operations and
vehicle parking. The hydrologic-hydraulic simula
tion, moreover, indicated that flooding would be
experienced during only relatively short durations,
not more than about three hours for a major flood
event. Therefore, any indirect flood damages due
to flooding of the S. C. Johnson & Sons plant
were not considered to be severe enough to war
rant a specific flood control measure to alleviate
such damages.
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No Action Alternative
As noted above, only minor flood damages to
crops are expected to be incurred on an average
annual basis along this reach of Waxdale Creek and
the tributary to Waxdale Creek, amounting to
about $400 under plan year 2000 conditions, and
about $100 under existing conditions. As shown
below, these damages would be relatively insignifi
cant when compared to even the least costly of the
action alternative plan elements such as the con
struction of dikes, detention ponds, or major chan
nelization. Accordingly, the cost of any project
implemented to prevent these minor flood damages
may be expected to greatly exceed the benefits
received. Therefore, a no-action plan element
would be practicable for this reach of Waxdale
Creek and the tributary to Waxdale Creek.

Detention Storage Reservoir Alternative
A detention storage reservoir alternative flood
control plan, as shown on Map 51, was prepared
and evaluated for Waxdale Creek and the tributary
to Waxdale Creek as the most practical and least
costly of the action alternatives. The reservoir
would be located just downstream of CTH Hand
would provide 71 acre-feet of storage with two
feet of freeboard in an area of about nine acres
sufficient to eliminate downstream flooding poten
tial attendant to floods up to and including the
100-year recurrence interval event. The physical
characteristics and economic costs of this alterna
tive flood control plan element are set forth in
Table 86. The assumed reservoir outlet control
structure design is shown in Figure 57.

The total capital cost of a detention reservoir at
this site is estimated to be about $639,000, consist
ing of $607,000 for excavation and construction of
an outlet control structure, and $32,000 for land
acquisition. The equivalent average annual cost
assuming an economic life of 50 years and an
annual interest rate of 6 percent, would be about
$40,300, consisting entirely of the amortization
of the $639,000 capital cost. The average annual
flood abatement benefits are estimated at about
$400 and, as already noted, are relatively insignifi
cant when compared to the average annual cost of
this project. Therefore, the detention storage reser
voir plan element, as described herein, as well as
any of the other action alternatives such as dikes
or major channelization, while technically feasible,
are not economically sound.
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A detention storage reservoir alternative flood control plan was prepared and evaluated to determine if such a measure would be a technically feasible and economically sound solution to the flood problem
along Waxdale Creek and the tributary to Waxdale Creek. Under this alternative, a detention storage reservoir would be constructed just downstream of CTH H and would provide 71 acre-feet of storage
with two feet of freeboard in an area of about nine acres. If onsite detention storage is provided upstream of the reservoir site as land is converted from rural to urban use, 63 acre·feet of storage would have
to be provided, requiring an area of about eight acres.

w
~ Source: SEWRPC.



Table 86

PRINCIPAL FEATURES, COSTS, AND BENEFITS OF FLOODLAND MANAGEMENT
ALTERNATIVES FOR WAXDALE CREEK AND THE TRIBUTARY TO WAXDALE CREEK

Economic Analysis8

Annual Annual Excess Benefit-
Nontechnical and

Amortized Operation and Total of Annual Cost
Noneconomic

Capital Maintenance Annual Annual Benefits Benefit- Ratio
Considerations

Cost Cost Cost eo", OverCast Cost Greater
(thousands) (thousands) (thousands) !thousands) (thousands) Ratio Than 1.0 Positive Negative

$ .. $ .. $ O.4b $ .. No

40.3 40.3 OA -39.9 0.01 No Potential to
retain public
open space

Alternative
Technically

Capital Cost

Number Name Description Feasible Item (thousands)

No action V" $ ..

Detention 71 acre-foot V" Reservoir and 533.0
storage detention outlet culvert

storage Earthen
reservoir embankment 74.0

land acquisition 32.0

Subtotal 639.0

Combination 8. 63 acre-foot V" Reservoir and 473.0
onsite detention outlet culvert
detention storage Earthen
storage and reservoir embankment 66.0
detention b. Provide onsite Land acqu isition 29.0
storage detention Onsite detention
reservoirc storage storage facilities 309.0

facilities
Subtotal 877.0

55.3 7.0 62.3 0.4 0.006 No See
Alternative 2

aEconomic analyses are based on an annual interest rate of 6 percent and a 50-year amortization period and
project life.

b The total annual cost of this alternative consists of the average annual monetary flood damages.

Source: SEWRPC.

Combination Onsite Storage and
Detention Reservoir Alternative
A combination onsite storage and detention
reservoir alternative flood control plan was also
prepared and evaluated for Waxdale Creek and
the tributary to Waxdale Creek, as described in
Table 86. This alternative assumes the continued
application of the Town of Mt. Pleasant policy
requiring that onsite storm water detention facili
ties be provided as land is converted from rural to
urban use to prevent any increase in peak flood
discharges and corresponding stages resulting from
such urbanization up to and including the 100-year
recurrence interval event. This alternative plan
element is similar to Alternative 2, as shown on
Map 51, except that provision of onsite storage
would require less land and excavation for the
reservoir. The detention storage reservoir would be
located just downstream of CTH H and would pro
vide 63 acre-feet of storage with two feet of free
board in an area of about eight acres-sufficient
to eliminate downstream flooding attendant to
floods up to and including the 100-year recurrence
interval event. The physical characteristics and eco
nomic costs of this alternative flood control plan
element are set forth in Table 86. The assumed
reservoir outlet control structure design is shown
in Figure 57.
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cThe economic analyses included costs for onsite storage. It should not be concluded that onsite sotrage is uneco
nomical based upon these data, since the use of onsite storage may permit the size and length of local storm
water drainage facilities to be reduced with attendant cost reductions. The viability of onsite stor8!J8 in this
respect should be evaluated on a site specific basis.

The total capital cost of onsite storage and a deten
tion reservoir at this site is estimated to be about
$877,200, consisting of $313,200 for onsite deten
tion storage, $535,000 for excavation and con
struction of an outlet control structure, and
$29,000 for land acquisition. The equivalent
average annual cost assuming an economic life of
50 years and an annual interest rate of 6 percent,
would be about $62,300, consisting of the amort
ization of the $877 ,200 capital cost, and $7,000 in
annual operation and maintenance costs of the
storage facilities. Although the onsite storage facili
ties could be provided by the land developer at no
cost to the Town of Mt. Pleasant, the estimated
capital cost of these facilities of $313,200, and the
estimated annual operation and maintenance costs
of $7,000, are properly included in any economic
analysis of this alternative when evaluating major
flood control alternatives on an areawide basis. The
average annual flood damage abatement benefit is
estimated at $400 and, as noted above, is relatively
insignificant when compared to the average annual
cost of this project. On the basis of these findings,
it should not be concluded that onsite storage is
uneconomical in every case. In this respect it
should be recognized that onsite storage may
permit the size and length of local storm water
drainage facilities to be reduced with attendant



cost reductions. The viability of onsite storage
in this respect should be evaluated on a site spe
cific basis. Therefore, the onsite storage and deten
tion storage reservoir alternative plan, as described
herein, while technically feasible, is economic
ally unsound.

ALTERNATIVE FLOODLAND MANAGEMENT
PLAN ELEMENTS FOR CHICORY CREEK

The Flood Problem
The hydrologic-hydraulic simulation of Chicory
Creek under existing land use, channel, and flood
plain conditions indicated that for the reach begin
ning at the Chicago & North Western Transporta
tion Company crossing and extending upstream of
the Chicago, Milwaukee, St. Paul & Pacific Railroad
Company (The Milwaukee Road) crossing, there
exists the potential for only minor flood damage
to crops and residential structures. Average annual
monetary flood risks attributable to flood damage
to crops and residential structures are estimated,
by application of the economic submodel described
in Chapter VIII, at less than $200 under existing
conditions. These damages should not increase
under plan year 2000 land use and existing channel
and floodplain conditions, as no significant land
use changes are envisioned in the tributary drainage
area. During a 100-year recurrence interval flood
event flood damages of about $10,000 may be
expected to be incurred, however no damages
should be incurred from a flood event having
a recurrence interval of 50 years or less.

No Action Alternative
As noted above, only minor flood damages to
crops and structures are expected to be incurred
on an average annual basis along this reach of
Chicory Creek. These damages are relatively insig
nificant when compared to even the-least costly of
the action alternative plan elements such as the
construction of dikes, detention ponds, or major
channelization. Accordingly, the cost of any pro
ject implemented to prevent these minor flood
damages may be expected to greatly exceed the
benefits received. Therefore, a no-action plan ele
ment would be practicable for this reach of Chi
cory Creek.

Detention Storage Reservoir Alternative
A detention storage reservoir alternative flood
control plan, as shown on Map 52, was prepared
and evaluated for Chicory Creek as the most
practical and least costly of the action alternatives.
The reservoir would be located just upstream of
90th Street and would provide 21 acre-feet of

Figure 57
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Source: SEWRPC.

storage with two-feet of freeboard in an area of
about five acres, sufficient to eliminate down
stream flooding attendant to floods up to and
including the 100-year recurrence interval event.
The physical characteristics and estimated costs of
this alternative floodland management plan ele
ment are set forth in Table 87. The assumed reser
voir outlet control structure design is shown in
Figure 57.

The total capital cost of a detention reservoir as
at this site was estimated to be about $228,000,
consisting of $210,000 for excavation and con
struction of an outlet control structure, and
$18,000 for land acquisition. The equivalent
average annual cost assuming an economic life of
50 years and an annual interest rate of 6 percent,
would be about $14,300, consisting entirely of
the amortization of the $228,000 capital cost.
The average annual flood abatement benefits are
estimated at less than $200 and, as already noted,
are relatively insignificant when compared to the
average annual cost of this project. Therefore, the
detention storage reservoir alternative plan, as
described herein, as well as any of the other action
alternatives such as dikes or major channeliza
tion, while technically feasible, is not economi
cally sound.
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Table 87

PRINCIPAL FEATURES, COSTS, AND BENEFITS FOR FLOODLAND
MANAGEMENT ALTERNATIVES FOR CHICORY CREEK

Capital Cost

Item (thousands)

Benefit-
Cost Economically

Ratio Feasible

Alternative
Technically

Number Name Description Feasible

No action V"

Detention 21 acre-foot V"
storage detention

reservoir

Reservoir and
outlet culvert

Earthen

embankment
Land acquisition

$--

139

71
18

Economic Analysis8

Annual Annual Excess

Amortized Operation and Total of Annual

Capitsl Maintenance Annual Annual Benefits

Cost Cost Cost Benefits Over Cost
(thousands) (thousands) {thousands) (thousands) (thousands)

$ -- $ -- $ 0-2b
$ -- $ --

14.3 14.3 0.2 -14.1 0.01

No

No

Nontechnical and
Noneconomic

Considerations

Positive Negative

Potential to
retain public
open space

Subtotal 228

aEconomic analyses are based on an annual interest rate of 6 percent and a 50-year amortization period and project life.

b The total annual cost of this alternative consists of the average annual monetary flood damage.

Source: SEWRPC.

NO ACTION FLOODLAND MANAGEMENT
PLAN ELEMENT FOR LAMPAREK DITCH

The hydrologic-hydraulic simulation of Lamparek
Ditch under existing land use, channel, and flood
plain conditions indicated that for the reach
beginning 0.19 mile upstream from its confluence
with the Pike River and extending upstream to
CTH H there is no potential for flood damage to
crops or to structures. This situation should not
change under plan year 2000 land use and existing
channel and floodplain conditions, as no land use
changes are envisioned in the tributary drainage
area. The analyses indicated that the 100-year
recurrence interval flood event may be expected to
be contained within the channel of this reach of
Lamparek Ditch. Accordingly, a no-action plan
element would be appropriate for this reach of
Lamparek Ditch.

ALTERNATIVE FLOODLAND MANAGEMENT
PLAN ELEMENTS FOR SOMERS BRANCH

The Flood Problem
The hydrologic-hydraulic simulation of Somers
Branch under existing land use and existing chan
nel and floodplain conditions indicated that two
flood-prone reaches exist on this tributary of Pike
Creek. The first such reach begins at the Chicago,
Milwaukee, St. Paul & Pacific Railroad Company
(The Milwaukee Road) crossing and extends
upstream a distance of 0.43 mile. The potential
for major flood damages to structures, along with
the potential for minor flood damage to crops,
exists along this reach. The second such flood
prone reach begins 0.32 mile upstream from the
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confluence with Pike Creek and extends further
upstream a distance of 0.79 mile to CTH EA. The
potential for only minor flood damage to crops
exists along this reach.

For the flood-prone reach upstream of the Mil
waukee Road crossing, average annual monetary
flood risks attributable to primary and secondary
residential flooding and flooding of crops were esti
mated, by application of the economic submodel
described in Chapter VIII, at $1,400 under existing
conditions, and $4,200 under plan year 2000 land
use and existing channel and floodplain condi
tions. If additional flood-prone development were
permitted in the flood hazard area along this reach
of Somers Branch, even higher monetary risks
could be expected to be incurred. Under existing
conditions, flood damages of about $10,900 during
a 100-year recurrence interval flood event, and
about $5,300 during a 10-year recurrence inter
val event may be expected to be incurred. Under
the plan year 2000 land use and existing chan
nel and floodplain conditions, flood damages of
about $27,000 and $17,800 may be expected
to be incurred, respectively, during 100- and
10-year events.

It should be noted that crop damages incurred
along this reach are less than $100 on an average
annual basis under both existing and plan year
2000 land use conditions. Analyses indicated that
there would be no economically feasible means of
alleviating these minor flood damages. Accord
ingly, the alternative flood control measures were
designed to abate structural damages only.
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A detention storage reservoir alternative flood control plan was prepared and evaluated to determine jf such a measure would be a technically feasible and economically sound solution to the flood problem
along Chicory Creek. Under this alternative, a detention storage reservoir would be constructed immediately upstream of 90th Street and would provide 21 acre-feet of storage with two feet of freeboard
in an area of about five acres. While technically feasible, this alternative was found to be economically unsound.

Source: SEWRPC.



Table 88

PRINCIPAL FEATURES, COSTS, AND BENEFITS OF FLOODLAND
MANAGEMENT ALTERNATIVES FOR SOMERS BRANCH

Economic Analysis8

Annual Annual Excess Benefit-
Amortized Operation and Total of Annual eo" Nontechnical and

Alternative Capital Cost
Capital Maintenance Annual Annual Benefits Benefit- Ratio

Noneconomic Considerations
Technically Cost Cost eo" Benefits OverCast Cost Greater

Reach Number Name Description Feasible Item (thousands) (thousands) (thousands) (thousands) (thousands) (thousands) Ratio Than 1.0 Positive Negative

Downstream No action V" $ .. $ $ O.3b $ .. $ .. No
of CTH EA

Combination a. Modify one V" Culvert 55.0 10.0 0.5 10.5 0.3 -10.2 0.03 No
culvert stream crossing Channelization 104.0
modification b.O.S mile
and major ofmaior Subtotal 159.0
channelization channelizationC

Upstream Naaetion V" 4.2b No
of the
Milwaukee Structure a. Floodproof Yo, Floodproofing 11.4 3.' 3.' '.2 0.8 1.24 Yo, Immediate partial Complete, voluntary
Road f1oodproofing up to three Elevating 42.1 flood relief at implementation

and elevating residential discretion of unlikely and
structures Subtotal 53.5 property owners therefore left with

b. Elevate up to Most of the costs a significant residual
two residential would be borne flood problem
structures by beneficiaries Overland flooding

and some attendant
problems remain

Some floodproofing is
likely to be applied
without adequate
professional advice
and, as a resu It,
structure damage
may occur

Dike a. 1,600 feet of V" Dike 278.0 17.6 1.7 19.3 4.2 -15.1 0.22 No Aesthetic impact
earthen dike Culvert and of visual barrier

b. Drainage backwater gate 0.5
culvert

Subtotal 278.5

Detention a.40 acre·foot V" Reservoir and 218.0 16.8 0.7 17.5 4.2 -13.3 0.24 No Potential to
storage detention outlet control retain public

reservoir Diversion ditch open space
b. Diversion ditch and three

and three culverts 25.0
culverts Land acqu isition 23.0

Subtotal 266.0

Combination a. Replace one V" Bridge 253.0 24.9 0.8 25.7 4.2 -21.5 0.16 No
culvert stream crossing Channelization 142.0
replacement b.Onemile
and major of major Subtotal 395.0
channelization channelizationd

Combination a. 25 acre-foot V" Reservoir and 161.0 56.2 16.3 72.5 '.2 ·88.3 O.06
f

No See Alternative 6
onsite detention outlet control above
detention reservoir Diversion ditch and 13.0
storage and b. Provide onsite three culverts
detention detention Land acqu isition 16.8
storage storage facilities Onsite detention

.0
storage facilities 702.0reservoIr

Subtotal 892.8

aEconomic analyses are based on an annlJal interest rate of 6 percent and a 50-vear amortization period and
project life.

b The total annual cost of this alternative consists of the average annual monetary flood damages.

c The cost of the channel is based on a bottom width of 20 feet and side slopes of one on three.

Source: SEWRPC.

For the other flood-prone reach downstream of
CTH EA, average annual monetary flood damages
attributable to flooding of crops are estimated at
less than $100 under existing conditions, and
about $300 under plan year 2000 land use and
existing channel and floodplain conditions. Under
existing conditions, flood damages of about $4,000
during a 100-year recurrence interval flood may be
expected to be incurred~' however, no damages
should be incurred from a flood event having
a recurrence interval of 10 years or less. Under
plan year 2000 land use conditions, flood damages
of about $8,000 and $2,000 could be expected to
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d The cost of the channel is based on a bottom width of 70 feet and side slopes of one on three.

eThe economic analysis included costs for omite storage. It should not be concluded that onsite storage is uneco
nomical based upon these data, since the use of omite storage may permit the size and length of local storm
water drainage facilities to be reduced with attendant cost reductions. The viability of omite storage in this
respect should be evaluated on a site specific basis.

fExcluding the costs for omite storage and the benefits attendant thereto, the ratio of total average annual bene
fits to public costs is 0.02.

be incurred, respectively, during 100-year and
10-year events.

River Mile 0.32 to CTH EA
As noted above, on an average annual basis, only
minor flood damages to crops are expected to be
incurred along this reach of Somers Branch down
stream of CTH EA. These damages would be
relatively insignificant when compared to even
the least costly of the "action" alternative plan
elements such as dikes, detention ponds, or major
channelization. Accordingly, the cost of any
project implemented to prevent these minor flood



damages could be expected to greatly exceed the
benefits received. Therefore, a no-action plan
element would be practicable for this reach of
Somers Branch.

Combination Culvert Modification and Major Chan
nelization Alternative: A culvert replacement and
major channelization alternative flood control plan
was developed for this reach of Somers Branch.
This alternative was considered to be the most
practical and least costly of the action alterna
tives. Under this plan element, 0.8 mile of major
channelization would be completed, as shown
on Map 53, and the conveyance capacity of the
Chicago & North Western Transportation Company
crossing would be increased by the addition of
a six-foot diameter concrete culvert to the three
existing four-foot diameter concrete culverts. The
physical characteristics and estimated costs of this
alternative flood control plan element are set forth
in Table 88.

Utilizing an annual interest rate of 6 percent, and
an amortization period and project life of 50 years,
the average annual cost is estimated at $10,500,
consisting of amortization of the $159,000 capital
cost of the additional culvert and major channel
ization, and $500 in annual operation and mainte
nance cost of the channelized reaches. The average
annual flood abatement benefits are about $300
and, as noted above, are relatively insignificant
when compared to the average annual cost of this
project. Therefore, the culvert modification and
major channelization plan element, as described
herein, as well as any of the other action alterna
tives such as dikes or detention ponds, while
technically feasible, may be concluded to be not
economically sound.

The Milwaukee Road Crossing to River Mile 2.38
l'tructure Floodproofing and Elevation Alternative
A structure floodproofing, elevation, and removal
alternative flood control plan was prepared and
evaluated to determine if such a structure-by
structure approach would be a technically and
economically acceptable solution to the flood
problem along this reach of Somers Branch
upstream of the Milwaukee Road crossing. For the
purpose of this analysis, the 100-year recurrence
interval flood stage under plan year 2000 land use
and existing channel conditions was used to
estimate the number of flood-prone structures to
be floodproofed, elevated, or removed, and the
approximate costs involved.

As shown on Map 54, the analysis indicated that
a total of two structures may be expected to be
located in the primary flood hazard area, and three
structures may be expected to be located in the
secondary flood hazard area. The two structures
located in the primary flood hazard area would
have to be elevated and the three structures located
in the secondary flood hazard area would have to
be floodproofed. Future flood damages to private
residences and commercial structures along this
reach would be virtually eliminated by floodproof
ing and elevation measures. Table 88 sets forth the
number and type of structures to be floodproofed
and elevated, and also summarizes the estimated
costs and benefits.

Assuming that these structure floodproofing and
elevation measures would be fully implemented,
and utilizing an annual interest rate of 6 percent
and a project life and amortization period of
50 years, the equivalent average annual cost is esti
mated at about $3,400 per year, consisting entirely
of the amortization of the $53,500 capital cost
$11,400 for floodproofing and $42,100 for struc
ture elevation. The average annual flood damage
abatement benefit is estimated at $4,200 per year,
yielding a benefit-cost ratio of 1.24. Therefore, the
structure floodproofing and elevation alternative
plan, as described herein, would be technically fea
sible and economically sound.

Dike Alternative: A dike alternative flood control
plan was prepared and evaluated for the lands sub
jected to flooding by Somers Branch in order to
determine if such a structural measure would pro
vide a technically and economically sound solution
to the existing and anticipated flood problem. The
100-year recurrence interval flood event under plan
year 2000 land use and existing channel and flood
plain conditions was used as the basis for the
design of this alternative.

The dike alternative flood control plan element for
Somers Branch is shown on Map 55, while the
costs and benefits attendant to construction of the
dike are set forth in Table 88. The assumed dike
design is shown in Figure 52. Under this alterna
tive plan element, a total of about 1,600 feet of
earthen dike with an average height of about four
feet, and a maximum height of eight feet, would be
constructed as far from the main channel as pos
sible, so as to not significantly reduce the flood
water storage potential that exists upstream of the
Milwaukee Road crossing. In addition, the dike
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COMBINATION CULVERT MODIFICATION AND MAJOR CHANNELIZATION ALTERNATIVE FOR SOMERS BRANCH
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A combination culvert modification and maior channelization alternative flood control plan was prepared and evaluated to determine if such a measure would provide a technically feasible and economi
cally sound solution to the flood problem along Somers Branch between river mile 0.32 and CTH EA at river mile 1.11. Under this alternative, about 0.8 mile of major channelization would be carried out
and the conveyance capacity of the Chicago & North Western Transportation Company crossing would be increased. While technically feasible, this alternative was found to be economically unsound.

Source: SEWRPC.
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STRUCTURE FLOODPROOFING AND ELEVATION ALTERNATIVE FOR SOMERS BRANCH
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A structure floodproofing and elevation alternative flood control plan was prepared and evaluated to determine if such a measure would provide a technically feasible and economically sound solution
to the urban flood problem along Somers Branch upstream of the Milwaukee Road crossing. Under this alternative, three structures would be floodproofed and two structures would be elevated. This
alternative was found to be both technically feasible and economically sound,

Source: SEWRPC.



w
'0

'"
DIKE ALTERNATIVE FOR SOMERS BRANCH

o
LEGEND

IOD-YEAR RECURRENCE INTEAVAL
FLOODl..ANOS-PLANNEO LANO USE
AND EXISTING CHANNEL. CONDITIONS

EXISTING CHANNEL.

t------l PROPOSED DIKE

O"AP.llC SCALI[

o Aoo .00 'ZOO "U:T

A dike alternative flood control plan was prepared and evaluated to determine if such a measure would provide a technically feasible and economically sound solution to the urban flood problem along
Somers Branch upstream of the Milwaukee Road crossing. Under this alternative, about 1,600 feet of earthen dike would be constructed. While technically feasible, this alternative was found to be eco
nomically unsound.

Source: SEWRPC.



plan element would have to include provisions for
the construction of a drainage system consisting
of a 12-inch diameter corrugated metal pipe cul
vert through the dike equipped with a backwater
gate to prevent the accumulation of lateral runoff
behind the dike, the backup of floodwaters through
the culvert, and the attendant creation of local
drainage problems.

Assuming that the dike project would be fully
implemented, and utilizing an annual interest rate
of 6 percent and a project life and amortization
period of 50 years, the average annual cost is
estimated at $19,300. This cost consists (jf the
amortization of the $278,000 capital cost of the
dike, including land acquisition costs, amortization
of the $500 capital cost of the required local
drainage culvert, and $1,700 in annual operation
and maintenance cost of the dike. The average
annual flood abatement benefit is estimated at
about $4,200, yielding a benefit-cost ratio of 0.22.
Therefore, the dike plan element, as described
herein, while technically feasible, is not economi
cally sound.

Detention Storage Reservoir Alternative: A deten
tion reservoir alternative flood control plan was
also prepared and evaluated for this reach of
Somers Branch. The reservoir would be located at
the intersection of CTH E and CTH H and designed
to abate the potential for flooding of structures
located upstream of the Milwaukee Road crossing
of Somers Branch shown on Map 56. The reservoir
would provide approximately 40 acre-feet of stor
age, sufficient to contain the 100-year recurrence
interval flood event with generally about two feet
of freeboard in an area of about eight acres. The
reservoir would be confined by the CTH E road
embankment on the north, and the CTH H road
embankment on the east, as shown on Map 56, and
would require excavation to an average depth of
about six feet. In addition, a ditch would be con
structed along CTH H to divert the runoff from the
tributary area north of CTH E and west of CTH H
to the reservoir. The physical characteristics and
estimated costs of this alternative floodland man
agement plan element are set forth in Table 88.
The assumed reservoir outlet control structure
design is shown in Figure 57.

The total capital cost of a detention reservoir at
this site was estimated to be about $266,000,
consisting of $230,000 for construction of the
reservoir and outlet control structure, and $23,000
for land acquisition, and $13,000 for construction

of the diversion ditch. The equivalent average
annual cost assuming an economic life of 50 years
and an annual interest rate of 6 percent, would
be about $17,500, consisting of $16,800 for the
annual amortized capital costs and $700 annual
operation and maintenance cost. The average
annual flood abatement benefits are estimated at
about $4,200, resulting in an excess of about
$13,300 in annual costs over benefits and a benefit
cost ratio of 0.24. Therefore, the detention storage
reservoir plan element, as described herein, may be
considered technically feasible but not economi
cally sound.

Combination Culvert Replacement and Major Chan
nehzatIon AlternatIve: A culvert replacement and
major channelization alternative flood control plan
was developed for this reach of Somers Branch.
Under this plan element, major channelization
would occur between River Mile 1.45 and River
Mile 2.38 as shown on Map 57, and the conveyance
capacity of the Milwaukee Road crossing would
be increased by replacing the existing four-foot
diameter concrete culvert with a clear span bridge.
The proposed channel would have a bottom width
of 10 feet with side slopes of one on three, and
would be designed to provide two feet of free
board during the design flood event. The physical
characteristics and estimated costs of this alter
native flood control plan element are set forth in
Table 88.

Utilizing an annual interest rate of 6 percent and
an amortization period and project life of 50 years,
the average annual cost is estimated at $25,700,
consisting of amortization of the $395,000 capital
cost of the bridge and major channelization, and
$800 in annual operation and maintenance cost of
the channelized reaches. The average annual flood
abatement benefit is estimated at $4,200, yielding
a benefit-cost ratio of 0.16. Therefore, the culvert
modification and major channelization plan ele
ment, as described herein, would be technically
feasible but not economically sound. It should also
be noted that this flood control measure would
result in a two-fold increase in peak flood dis
charges downstream; however, the minor flood
damages to crops under plan year 2000 land use
conditions would not increase significantly.

Combination Onsite Storage and Detention Storage
Reservoir Alternative: A combination onsite stor
age and detention storage reservoir alternative
flood control plan was also developed for this
reach of Somers Branch to abate the potential for
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A detention storage reservoir alternative flood control plan was prepared and evaluated to determine if such a measure would provide a technically feasible and economically sound solution to the urban
flood problem along Somers Branch upstream of the Milwaukee Road Crossing, Under this alternative, a detention storage reservoir would be constructed at the intersection of CTH E and CTH Hand
would provide 40 acre-feet of storage with two feet of freeboard in an area of about eight acres. In addition, a ditch would be constructed along CTH H to divert the runoff from the tributary area north
of CTH E and west of CTH H to the reservoir. If onsite storage is provided upstream of the reservoir site as land is converted from rural to urban use, 25 acre·feet of storage would have to be provided
requiring about six acres. While technically feasible, this alternative was found to be economically unsound.

Source: SEWRPC.



Map 57

COMBINATION CULVERT REPLACEMENT AND MAJOR CHANNELIZATION ALTERNATIVE FOR SOMERS BRANCH
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A combination culvert replacement and major channelization alternative flood control plan was prepared and evaluated to determine if such a measure would provide a technically feasible and economi
cally sound solution to the flood problem along Somers Branch upstream of the Milwaukee Road crossing. Under this alternative, 1,0 mile of major channelization would be carried out and the Milwaukee

Road culvert would be replaced with a clear span bridge. While technically feasible, this alternative was found to be economically unsound .

Source: SEWRPC.



flood damage to structures located upstream of the
Milwaukee Road crossing. This alternative assumes
the adoption of a policy similar to that adopted by
the Town of Mt. Pleasant requiring that onsite
storm water detention facilities be provided as land
is converted from rural to urban use to prevent any
increase in peak flood discharges and correspond
ing stages resulting from such urbanization up to
and including the 100-year recurrence interval
event. The physical characteristics and estimated
costs of this alternative floodland management
plan element are set forth in Table 88. The assumed
reservoir outlet control structure design is shown
in Figure 57. This alternative plan element is simi
lar to Alternative 6 as shown on Map 56, except
that the provision of onsite storage would reduce
the size of the reservoir and, thus reduce the cost
of excavation and land acquisition. The reservoir
would provide approximately 25 acre-feet of stor
age sufficient to detain floods up to and including
the 100-year recurrence interval event under exist
ing channel and planned land use conditions with
generally about two feet of freeboard in an area of
about six acres.

The total capital cost of onsite storage and a deten
tion reservoir at this site was estimated to be about
$892,800-consisting of $702,000 for onsite stor
age, $161,000 for construction of the reservoir and
outlet control structure, $16,800 for land acquisi
tion, and $13,000 for construction of the diversion
ditch. The equivalent average annual cost, assuming
an economic life of 50 years and an annual interest
rate of 6 percent, would be about $72,500-con
sisting of $56,200 for the annual amortized capital
costs, and $16,300 annual operation and mainte
nance cost. Although the onsite detention storage
facilities could be provided by the land developer
at no cost to the Town of Somers, the estimated
capital cost of these facilities of $702,000, and the
estimated annual operation and maintenance cost
of $15,600, are properly included in any economic
analysis of this alternative when evaluating major
flood control alternatives on an areawide basis. The
average annual flood damage abatement benefit is
estimated at $4,200, resulting in a benefit-cost
ratio of 0.06. On the basis of these findings, it
should not be concluded that onsite storage is
uneconomical in every case. In this respect it
should be recognized that onsite storage may
permit the size and length of local storm water
drainage facilities to be reduced with attendant
cost reductions. The viability of onsite storage in
this respect should be evaluated on a site specific
basis. Excluding the costs for onsite storage and
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the benefits attendant thereto, the ratio of total
average annual benefits to public costs is still
only 0.35. The onsite storage and the offsite deten
tion storage reservoir plan element, as described
herein, while technically feasible, is not economic
ally sound.

ALTERNATIVE FLOODLAND MANAGEMENT
PLAN ELEMENTS FOR AIRPORT BRANCH
AND THE TRIBUTARY TO AIRPORT BRANCH

The Flood Problem
The hydrologic-hydraulic simulation of Airport
Branch and the tributary to Airport Branch under
existing land use, channel, and floodplain condi
tions indicated that for the reaches upstream of the
Chicago, Milwaukee, St. Paul, & Pacific Railroad
Company (The Milwaukee Road) there exists the
potential for only minor flood damage to crops.

Average annual monetary flood risks associated
with flood damage to crops are estimated, by
application of the economic submodel, at less than
$100 under existing conditions. During a 100-year
recurrence interval flood event, flood damages to
crops of about $1,200 may be expected to be
incurred; however, no damages would be expected
to be incurred during a flood event with a recur
rence interval of about 10 years or less.

Under plan year 2000 land use conditions, the pre
dominantly agricultural land uses of the drainage
area tributary to this reach would be converted to
a major industrial center, thus increasing flood
flows and stages significantly. Under this locally
committed land use design there could be indus
trial development located in the flood hazard
area. Thus it will be necessary to implement
a flood control system to accommodate such
development and to prevent flood damage in the
newly developed areas. The least costly, techni
cally feasible flood control system for this area is
described below.

Combination Culvert Modification
and Major Channelization Alternative
An alternative flood control plan consisting of
culvert modification and major channelization was
prepared and evaluated for Airport Branch and the
tributary to Airport Branch upstream of the
Milwaukee Road crossing. This alternative was
considered to be the only technically feasible plan
element for these stream reaches. Under this plan
element, the conveyance capacity of the existing
Milwaukee Road crossing which consists of two



Table 89

PRINCIPAL FEATURES, COSTS, AND BENEFITS OF FlOODlAND MANAGEMENT
ALTERNATIVES FOR AIRPORT BRANCH AND THE TRIBUTARY TO AIRPORT BRANCH

Economic Analysis8

Annual Annual Excess Benefit-
Nontechnical and

Amortized Operation and Total of Annual Cost
Noneconomic

Capital Maintenance Annual Annual Benefits Benefit- Ratio
Considerations

Cost Cost Cost Benefits Over Cost Cost Greater
(thousands) (thousands) (thousands) (thousands) (thousands) Ratio Than 1.0 Positive Negative

$ -- $ -- $ 0.' --b $- - No

12.9 0.7 13.6 --b

Alternative
Technically Capital Cost

Number Name Description Feasible Item (thousands)

No action Yes $- -

Combination a. Modify one Yes Culverts 64
culvert stream crossing Channelization '41
modification b. 0.9 mile of major
and major channelizationC

Subtotal 205
channelization

Combination a. 0.9 mile of maior Y" Channelization '32
onsite channetizatione

Onsite detention
detention b. Provide onsite storage facilities 666
storage detention
and major storage facilities Subtotal 798
channel izationd

50.3 15.5 65.8 Potential to
retain public
open space

aEconomic analyses are based on an annual interest rate of 6 percent and an amortization periodand project lile
of 50 years.

bin the absence of a precise development plan these benefits cannot be estimated at this time.

cThe cost is based on bottom widths of five and 10 feet, respectively, for Airport Branch and the tributary to
Airport Branch, and side slopes of one on three.

Source: SEWRPC.

four-foot diameter culverts and one three-foot
diameter culvert, would be increased by the addi
tion of two four-foot diameter culverts, and major
channelization of Airport Branch and the tributary
to Airport Branch would be carried out for a dis
tance of approximately 0.5 mile and 0.4 mile,
respectively, upstream of the Milwaukee Road
crossing, as shown on Map 58. The physical char
acteristics and estimated costs of this alterna
tive flood control plan element are set forth in
Table 89.

Assuming that the culvert replacement and major
channelization alternative would be fully imple
mented, and utilizing an annual interest rate of
6 percent and a project life and amortization
period of 50 years, the average annual cost is esti
mated at $13,600, consisting of amortization of
the $205,000 capital cost of the additional culverts
and channelization, and $700 in annual operation
and maintenance cost of the channelized reaches.
Any benefits received would be directly attribu
table to the ability to develop the flood hazard
area for industrial purposes. In the absence of
a precise development plan these benefits cannot
be estimated at this time.

The cost of this floodland management plan ele
ment was also computed utilizing an annual inter
est rate of 10 percent to determine the effect on

d The economic analyses included costs for onsite storage. It should not be concluded that onsite storage is uneco·

nomical based upon these data, since the use of onsite storage may permit the size and length of local storm
water drainage facilities to be reduced with attendant cost reductions. The viability of onsite storage in this

respect should be evaluated on a site specific basis.

B The cost is based on a bottom width of five feet and side slopes of one on three.

the average annual cost of this project. Assuming
this interest rate the average annual cost is esti
mated at about $21,200.

Combination Onsite Storage and
Major Channelization Alternative
An alternative flood control plan consisting of
a combination of onsite storage and major chan
nelization was developed for Airport Branch and
the tributary to Airport Branch upstream of the
Milwaukee Road crossing. This alternative assumes
the adoption of a policy similar to that adopted by
the Town of Mt. Pleasant requiring that onsite
storm water detention facilities be provided as
land is converted from rural to urban use to
prevent any increase in peak flood discharges and
corresponding stages resulting from such urbaniza
tion up to and including the 100-year recurrence
interval event. This alternative plan element is
similar to Alternative 2 as shown on Map 59,
except that the provision of onsite storage would
eliminate the need to modify the Milwaukee
Road crossing. The physical characteristics and
estimated costs of this alternative flood control
plan element are set forth in Table 89.

Assuming that the onsite storage and major chan
nelization alternative would be fully implemented,
and utilizing an annual interest rate of 6 percent
and a project life and amortization period of
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A culvert modification and major channelization alternative flood control plan was prepared and evaluated

to determine if such a measure would provide a technically feasible and economically sound solution to the

flood problem along Airport Branch and the Tributary to Airport Branch. Under this alternative, 0.9 mile
of major channelization would be carried out and the conveyance capacity of the existing Milwaukee Road

crossing would be increased. In the absence of precise development plans for the proposed industrial park

development along these two creeks the benefits attributable to this alternative could not be estimated.

Therefore, while the alternative was found to be technically feasible, it will not be feasible to determine
whether the alternative is economically sound until the industrial park development plans concerned are

further advanced.

Source: SEWRPC.
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Map 59

COMBINATION ONSITE STORAGE AND MAJOR CHANNELIZATION ALTERNATIVE
FOR AIRPORT BRANCH AND THE TRIBUTARY TO AIRPORT BRANCH
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A combination onsile storage and major channelization alternative flood control measure was prepared and
evaluated to determine if such a measure would provide a technically feasible and economically sound solu
tion to the flood problem along Airport Branch and the tributary to Airport Branch. Under this alterna
tive. 0.9 mile of major channelization would be carried out along with the provision of onsite detention
storage facilities upstream from the Milwaukee Road crossing as land is converted from rural to urban use.
In the absence of precise development plans for the proposed industrial park development along these twO
creeks the benefits attributable to this alternative could not be estimated. Therefore, while the alternative
was found to be technically feasible, it will not be possible to determine whether the alternative is eco·
nomically sound until the industrial park development plans concerned are further advanced.

Source: SEWRPC.
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50 years, the average annual cost is estimated
at $65,800, consisting of amortization of the
$798,000 capital cost of the onsite storage facili
ties and channelization, and $15,500 in annual
operation and maintenance cost of the onsite stor
age facilities and channelized reaches. Any benefits
received would be directly attributable to the
ability to develop the area for industrial purposes.
In the absence of a precise development plan these
benefits cannot be estimated at this time.

The cost of this floodland management plan
element was also computed utilizing an annual
interest rate of 10 percent to determine the effect
on the average annual cost of this project. Assum
ing this interest rate the average annual cost is
estimated at about $95,300.

In the alternative, it may be possible to design an
industrial park development which would hold the
flood hazard areas concerned in open uses and
avoid any future flood damages without the con
struction of any major flood control works. These
alternatives should be further explored as the pre
cise development plans for the area are prepared.

ALTERNATIVE FLOODLAND MANAGEMENT
PLAN ELEMENTS FOR NELSON CREEK

The Flood Problem
The hydrologic-hydraulic simulation of Nelson
Creek under existing land use and existing channel
and floodplain conditions indicated that there
exists the potential for only minor flood damage to
crops. Average annual monetary flood risks attribu
table to flood damage to crops are estimated, by
application of the economic submodel, at less than
$100 under existing conditions, and about $500
under plan year 2000 conditions. Under existing
conditions, flood damages of about $900 during
a 100-year recurrence interval flood event may
be expected to be incurred; however, no damages
should be incurred from a flood event having
a recurrence interval of 10 years or less. Under plan
year 2000 conditions, flood damages of about
$1,900 and $1,300 would be expected to be
incurred, respectively, during 100- and 10-year
flood events.

No Action Plan Element
As noted above, only minor flood damage to crops
on an average annual basis is expected to be
incurred along Nelson Creek. As shown below,
these damages would be relatively insignificant
when compared to even the least costly of the
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action alternative plan elements such as dikes,
detention ponds, or major channelization. Accord
ingly, the cost of any project implemented to pre
vent these minor flood damages would greatly
exceed the benefits received. Therefore, a no-action
plan element would be practicable for this reach of
Nelson Creek.

Major Channelization Alternative
A major channelization plan element was devel
oped for Nelson Creek upstream of CTH KR,
which was considered to be the most practical and
least costly of the action alternative plan elements.
The physical characteristics and estimated costs of
this alternative flood control plan element are
shown on Map 60 and set forth in Table 90.

Utilizing an annual interest rate of 6 percent and
a project life and amortization period of 50 years,
the average annual cost is estimated at $6,100,
consisting of amortization of the $86,200 capital
cost and $600 in annual operation and mainte
nance cost of the channelized reaches. The average
annual flood abatement benefits are about $500
and, as noted above, are relatively insignificant
when compared to the average annual cost of this
project. Therefore, the major channelization plan
element, as described herein, as well as any of the
other action alternatives such as dikes or detention
ponds, while technically feasible, are not economi
cally sound.

Combination Onsite Storage and
Major Channelization Alternative
A combination onsite storage and major channel
ization plan element was prepared and evaluated
for Nelson Creek upstream of CTH KR. This
alternative assumes the continued application of
the Town of Mt. Pleasant policy requiring that
onsite storm water detention facilities be provided
as land is converted from rural to urban use to
prevent any increase in peak flood discharges and
corresponding stages resulting from such urbaniza
tion up to and including the 100-year recurrence
interval event. The analysis indicated that a chan
nel of a smaller size than that required under
Alternative 2, under planned land use conditions,
would be required with the provision of onsite
storm water detention storage. However, the
channel proposed under Alternative 2 is near the
smallest practical size that could be constructed if
three on one side slopes were to be retained for
maintenance purposes. Therefore, the provision of
onsite storm water detention facilities would not
significantly reduce the cost of a major channeliza-



Map 60

MAJOR CHANNELIZATION ALTERNATIVES FOR NELSON CREEK

Source: SEWRPC,
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A major channelila~ionalternative flood control plan was prepared and evaluated to determine if such a measure would provide a technically feasible
and economically sound solution to the flood problem along Nelson Creek. Under this alternative, 0.85 mile of channel would be constructed
upstream of CTH KR. The provision of ensile detention storage as land is converted from rural to urban use upstream of CTH KR would have no
significant impact on the size of the proposed channel. While technically feasible, this alternative was found to be economically unsound ....
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Table 90

PRINCIPAL FEATURES, COSTS, AND BENEFITS OF FLOODLAND
MANAGEMENT ALTERNATIVES FOR NELSON CREEK

Alternative
Technically

Number Name Description Feasible

No action y"

Major 0.85 mile of mabor Ye,
channelization channelization

Combined a. 0.85 mile of major No
onsite channelization
detention b. Provide onsite
storage detention
and major storage facilities
channelizationd

Economic Analysis8

Annual Annual Excess
Amortized Operation and Total of Annual

Capital Maintenance Annual Annual Benefits
Capital Cost

Cost Cost Cost Benefits OverCast
Item (thousands) (thousands) (thousands) (thousands) (thousands) (thousands)

$ .. $ .. $ .. $O.Sc $ .. $ ..

Channelization 86.2 5.5 0.5 5.' 0.5 - 5.6

8eoelit-
Nontechnical and

Cost
Noneconomic

Benefit- Ratio
Considerations

Cost Greater
Ratio Than 1.0 Positive Negative

No

0.08 No Aesthetic
impact

No Potential to See
retain public Alternative 2
open space above

aEconomic analyses are based on an annual interest rare of 6 percent and an amortization period and project life
of 50 years.

b The cost 01 the channel is based on a bottom width of 10 feet and side slopes of one on three.

Source: SEWRPC.

tion alternative, and thus the onsite storage and
major channelization alternative was not consid
ered to be an economically sound solution to the
flood problem along Nelson Creek.

ALTERNATIVE FLOODLAND MANAGEMENT
PLAN ELEMENTS FOR SORENSON CREEK

The Flood Problem
The hydrologic-hydraulic simulation of Sorenson
Creek under existing land use, channel, and flood
plain conditions indicated that upstream of CTH
KR there is the potential for significant flood
damages to be incurred by residential structures
along with some minor flood damage to crops;
while, downstream of CTH KR there exists the
potential for only minor damage to crops. Average
annual mpnetary flood damages attributable to
flood damage to residential structures and crops
are estimated, by application of the economic
submodel described in Chapter VIII, at $4,200
under existing land use, channel, and floodplain
conditions; and $5,700 under plan year 2000 land
use and existing channel and floodplain conditions.
If additional flood-prone development were per
mitted in the flood hazard area, even higher mone
tary flood risks could be expected to be incurred.
Under existing conditions, flood damages of about
$27,900 during a 100-year recurrence interval
flood event, and about $13,700 during a 10-year
recurrence interval flood event may be expected
to be incurred. Under year 2000 plan conditions,
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CThe total annual cost consists of the average annual monetary flood damages.

d The economic analyses included costs for onsite storage. It should not be concluded that ansite storage isuneco
nomical based upon these data, since the use of ansite storage may permit the size and length of local storm
water drainage facilities to be reduced with attendant cost reductions. The viabilitv of onsite storage in this
respect should be evaluated on a site specific basis.

flood damages of about $31,900 and $19,600 may
be expected to be incurred, respectively, during
100- and 10-year events.

As noted above, only minor flood damage to crops
may be expected to be incurred along Sorenson
Creek, amounting to about $500 on an average
annual basis under plan year 2000 conditions, and
about $200 under existing conditions. The cost
of any technically feasible floodland management
plan element which would alleviate these minor
crop damages may be expected to greatly exceed
the benefits received from its implementation.
Accordingly, the alternative flood control measures
were designed to abate urban damages only.

CTH KR Upstream to Abandoned
Chicago, North Shore & Milwaukee
Railroad Company (North Shore Line)
Structure Floodproofing and Elevation: A structure
floodproofing, elevation and removal alternative
flood control plan was analyzed to determine if
such a structure-by-structure approach would be
a technically and economically acceptable solu
tion to the flood problem along this reach of
Sorenson Creek. For the purpose of this analysis,
the 100-year recurrence interval flood stage under
plan year 2000 land use and existing channel and
floodplain conditions was used to estimate the
number of flood-prone structures to be flood
proofed, elevated, or removed and the approximate
costs involved.



As shown on Map 61, the analysis indicated that
one structure may be expected to be located in the
primary flood hazard area and one structure may
be expected to be located in the secondary flood
hazard area. The structure located in the primary
flood hazard area would have to be elevated, and
the structure located in the secondary flood hazard
area would have to be floodproofed under this
alternative plan element. Future flood damage to
private residences along this reach would be virtu
ally eliminated by the floodproofing and elevation.
Table 91 sets forth the number and type of struc
tures to be floodproofed and elevated and also
summarizes the estimated costs and benefits.

Assuming that these structure floodproofing and
elevation measures would be fully implemented,
and utilizing an annual interest rate of 6 per
cent and a project life and amortization period of
50 years, the equivalent average annual cost is
estimated at about $1,700, consisting entirely of
the amortization of the $26,900 capital cost
$23,100 for structure elevation, and $3,800 for
floodproofing. The average annual flood damage
abatement benefit ~s estimated at $700 per year,
yielding a benefit-cost ratio of 0.41. Therefore, the
structure floodproofing and elevation alternative
plan, as described herein, while technically feasible
along this reach of Sorenson Creek, would not be
economically sound.

Combination Onsite Storage and Structure Flood
proofing and Elevation: A combination onsite stor
age .and structure floodproofing, elevation and
removal alternative flood control plan was pre
pared and analyzed to determine if such an
approach would be a technically and economically
acceptable solution to the flood problem along this
reach of Sorenson Creek. This alternative assumes
the continued application of the Town of Mt. Plea
sant policy requiring that onsite storm water deten·
tion facilities be provided as land is converted from
rural to urban use to prevent any increase in peak
flood discharges and corresponding stages resulting
from such urbanization.

This alternative plan element is similar to Alter
native 2 as shown on Map 61, except that the
provision of onsite storage would reduce the
height of structure elevation. The analysis indi
cated that one structure may be expected to be
located in the primary flood hazard area and one
structure may be expected to be located in the
secondary flood hazard area. The structure located
in the primary flood hazard area would have to be

elevated and the structure located in the secondary
flood hazard area would have to be floodproofed
under this alternative plan element. Future flood
damage to private residences along this reach
would be virtually eliminated by elevation of
flood-prone structures. Table 91 sets forth the
number and type of structures to be elevated and
also summarizes the estimated costs and benefits.

Assuming that the onsite storage and structure ele
vation measures would be fully implemented, and
utilizing an annual interest rate of 6 percent and
project life and amortization period of 50 years,
the equivalent average annual cost is estimated at
about $77,200, consisting of the amortization of
the $908,200 capital cost for onsite storage and
structure floodproofing and elevation, and $19,600
in annual operation and maintenance cost of the
storage facilities. Although the onsite detention
storage facilities could be provided by the land
developer at no cost to the Town of Mt. Pleasant,
the estimated capital cost of these facilities of
$882,000, and the estimated annual operation
and maintenance costs of $19,600 are properly
included in any economic analyses of this alter
native when evaluating major flood control alter
natives on an areawide basis. The average annual
flood damage abatement benefit is estimated at
$700 per year, yielding a benefit-cost ratio of
0.01. On the basis of these findings, it should not
be concluded that onsite storage is uneconomical
in every case. In this respect it should be recog
nized that onsite storage may permit the size and
length of local storm water drainage facilities to
be reduced with attendant cost reductions. The
viability of onsite storage in this respect should be
evaluated on a site specific basis. Excluding the
costs for onsite storage and the benefits attendant
thereto, the ratio of total average annual benefits
to public costs is only 0.41.

The onsite storage and structure floodproofing and
elevation alternative plan, as described herein,
while technically feasible, would not be economi
cally sound.

No Action Plan Element: As noted above, average
annual damages to residential structures are rela
tively small, only $700 per year. Analyses of alter
native floodland management plan elements such
as dikes, detention ponds, or major channelization
for other stream reaches discussed in this chapter
indicated that the cost of any other technically
feasible floodland management plan element which
would alleviate these minor flood damages would

409



Map 61

STRUCTURE FLOODPROOFING AND ELEVATION ALTERNATIVES FOR SORENSON CREEK

LEGEND

IOo-YEAR RECURRENCE INTERVAL
FLOODLANDS-- PLANNED LAND USE
AND EXISTING CHANNEL CONDITIONS
WITH ONSITE DETENTION STORAGE

IOO-YEAR RECURRENCE INTERVAL
FLOODLANDS-- PLANNED LAND USE
AND EX ISTING CHANNEL CONDITIONS
WITHOUT ONSITE DETENTION STORAGE

EXISTING CHANNEL

o STRUCTURE TO BE FlOOOPROOFED

~ STRUCTURE TO BE ELEVATED

GRAPHIC SCALE
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A structure floodproofing and elevation alternative flood control plan was prepared and evaluated to determine if such a measure would pro
vide a technically feasible and economically sound solution to the flood problem along Sorenson Creek. Under this alternative, six structures
would have to be floodproofed and four structures would have to be elevated. The prOVision of onsite detention storage as land is converted
from rural to urban use upstream of CTH KR would have no significant impact on the number of structures which would have to be flood
proofed nor on the number of structures which would have to be elevated. While technically feasible, this alternative was found to be eco
nomically unsound.

Source: SEWRPC.
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Table 91

PRINCIPAL FEATURES, COSTS, AND BENEFITS OF FLOODLAND
MANAGEMENT ALTERNATIVES FOR SORENSON CREEK

Economic Analysis8

Annual Annual Excess Benefit-
Amortized Operation and Total of Annual Cost Nontechnical and

Alternative Capital Cost
Capital Maintenance Annual Annual Benefits Benefit- Ratio

Noneconomic ConsiderationsTechnically Cost eo", Cost Benefits Over Cost Cost Greater
Reach Number Name Description Feasible Item (thousands) (thousands) !thousands) (thousands) (thou&ands) (thousands) Ratio Than 1.0 Positive Negative

CTH KR Naaetlon Y" $ $ $ O.,b $ . No
Upstream
to the Structure a. Floodproof y" Floodproofing 3.' 1.7 1.7 0.7 -1.0 0.41 No Immediate partial Complete, voluntary
abandoned floodproofing one residential Elevating 23.1 flaodraliefat implementation
North and elevation structure discretion of unlikely and
Shore b. Elevate one Subtotel 26.9 property owners therefore left with
Une residential Most of the costs a significant

would be borne reSidential flood
by beneficiaries problem

Overland flooding
and some attendant
problems remain.

Some floodproofing
is likely to be
applied without
adequate
professional advice
and,asaresult,
structure damage
may occur

Combination a. Elevate one Y" Elevating 22.4 57.6 19.6 77.2 0.7 ·76.5 0.Q1 No See Alternative 2 See Alternative 2
onsite residential Onsite ,bo~ ,bo~

detention detention
storage and b. Floodproof storage
floodproofing oneresidentia! facilities 882.0
andelevationc structure Floodproofing 3.'

c. Provide onsite
detention Subtotal 908.2
storage facilities

Chicory No action Y" 4.3b No
Road

O.godUpstream Structure a. Floodproof Y" Floodproofing 11.4 4.' 4.' 4.3 D.• No Immediate partial Complete,voluntary
to Pleasant floodproofing up to three Elevating 85.3 flood relief at implementation
Lane and elevation residential discretion of unlikelvand

structures Subtotal 76.7 property owners therefore left with
b. Elevate up to Most of the costs a significant

three residential would be borne residential flood
structures by beneficiaries problems

Overland flooding
and some attendant
problems remain

Some floodproofing
is likely to be
applied without
adequate
professional advice
and,as a result,
structure damage
may occur

Culvert Replacement Y" Bridgee
90.3 '.7 '.7 4.3 1.4 0.75 No

replacement of one stream
crossing

Combination a. Floodproof Y.. Floodproofing 11.4 23.1 6.4 29.5 4.3 ·25.2 0.1S
f No See Alternative 5 See Alternative 5

onsite up to three Elevating 65.0 ,bo~ above
detention residential Onsite
storage and structures detention
structure b. Elevate up to storage
floodproofing three residential facilities 288.0
andelevationc structures

c. Provide onsite Subtotal 364.4
detention
storagefacillties

Combination a.Replacement Y" Bridgee
90.3 23.8 6.4 30.2 4.3 ·26.9 0.14g No Potential to

onsite of one stream Onsite retain public
detention crossing detention open space
storage and b. Provide onsite storage
culvert detention facilities 288.0
replacementC storage

facilities Subtotal 378.3

Taylor No action y" O.2b No
Avenue
Upstream to 10 Structure a. Floodproof two y" Floodproofing 7.6 D.• D.' 0.2 0.3 0.40 No Immediate partial Complete, voluntary
Meachem floodproofing residential flood relief at implementation
Road discretion of unlikely and

property owners therefore left with
Most of the costs a significant

would be borne residential flood
by beneficiaries problem.

Overland flooding
and some attendant
problems remain

Some floodproofing
is likely to be
applied without
adequate
professional advice
and,asa result,
structure damage
may occur

11 Combination a. Floodproof two Yo, Floodproofing 7.6 12.6 4.2 16.8 0.2 - 16.6 0.01 No SeeAIt1Jrnative '0 See Alternative 10
onsite residential Onsite above above
detention structures detention
storage and b. Provideonsite storage
structure detention facilities 190.8
floodproofing storage facilities

Subtotal 198.4

aEconomic analyses are based on en annual interest rate of 6 percent and an amortization period and project eThe cost of the bridge is based on an opening of 30 feet and reworking 100 feet of approach roads.
Iifeof50yeers.

bThB total annual cost of this alternative consists of the average annual monetary flood damage.
fExcluding the costs for onsite storage and the benefits attendant thereto, the ratio of total average annual
benefits to public costs is 0.90.

CThe economic analyses included costs for onsite storage. It should not be concluded that onsite storage is gExcluding the costs for onsite storage and the benefits attendant thereto, the ratio of total average annual
uneconomical based upon these data, since the use of onsiRi storage may permit the size and length of local benefits to public costs is 1.23.
storm water drainage facilities to be reduced with attendant cost reductions. The viability of onsite storage
in this resPect should be evaluated on a site specific basis. hExcluding the costs for onsite storage and the benefits attendant thereto, the ratio of total ewrage ann/Jal

dExcluding the costs for onsite storage and the benefits attendant thereto, the ratio of total average annuel
benefits to public costs is 0.22.

benefits to public costs is 0.07.

Source: SEWRPC.
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be more costly than the structure floodproofing
and elevation alternative plan described above and
would greatly exceed the benefits received from
its implementation. Therefore, a no-action plan
element would be practicable for this reach of
Sorenson Creek.

Chicory Road Upstream to Pleasant Lane
Structure Floodproofing and Elevation: A structure
floodproofing, elevation, and removal alternative
flood control plan was analyzed to determine if
such a structure-by-structure approach would be
a technically and economically acceptable solution
to the flood problem upstream of Chicory Road.
For the purpose of this analysis, the 100-year recur
rence interval flood stage under plan year 2000
land use and existing channel and floodplain con
ditions was used to estimate the number of flood
prone structures to be floodproofed, elevated, or
removed and the approximate costs involved.

As shown on Map 61, the analysis indicated that
a total of five structures may be expected to be
located in the primary flood hazard area and one
structure may be expected to be located in the
secondary flood hazard area. Three structures
located in the primary flood hazard area would
have to be elevated, two structures would have
to be floodproofed, and none would have to be
removed under this alternative plan element. The
structure located in the secondary flood hazard
area would have to be floodproofed. Future flood
damage to private residences along this reach
would be virtually eliminated by the floodproof
ing and elevation. Table 91 sets forth the number
and type of structures to be floodproofed and
elevated and also summarizes the estimated costs
and benefits.

Assuming that these structure floodproofing and
elevation measures would be fully implemented,
and utilizing an annual interest rate of 6 per
cent and a project life and amortization period
of 50 years, the equivalent average annual cost is
estimated at about $4,800 per year, consisting
entirely of the amortization of the $76,700 capi
tal cost, $11,400 for floodproofing and $65,300
for structure elevation. The average annual flood
damage abatement benefit is estimated at $4,300
per year, yielding a benefit-cost ratio of 0.90. The
structure floodproofing and elevation alternative
plan, as described herein, while technically feasible,
would not be economically sound.

Culvert Replacement Alternative: A bridge modifi
cation plan element was developed to eliminate the
potential for the flood damage to residential
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structures located upstream of Chicory Road, as
shown on Map 62. The 100-year recurrence inter
val flood discharge under plan year 2000 land use
and existing channel and floodplain conditions
was used as the basis for the preliminary design of
this alternative.

The costs and benefits of this alternative plan
element shown in Table 91 reflect the cost of
replacing the existing dual culvert with a larger
capacity clear span bridge which would cause no
backwater effects and consequently eliminate the
potential for causing upstream flood damages.

Assuming that the bridge replacement project
would be implemented, and utilizing an annual
interest rate of 6 percent and a project life of
50 years, the average annual cost is estimated at
about $5,700 per year consisting entirely of the
amortization of the $90,300 capital cost. The aver
age annual flood abatement benefit is estimated at
about $4,300 per year, yielding a benefit cost ratio
of 0.75. Therefore, the bridge replacement plan
element as described herein, while technically
feasible would not be economically sound.

Combination Onsite Storage and Floodproofing
and Elevation of Structures: A combination onsite
storage and structure floodproofing, elevation, and
removal alternative flood control plan was pre
pared and evaluated to determine if such an
approach would be a technically and economically
acceptable solution to the flood problem upstream
of Chicory Road. This alternative jissumes the con
tinued application of the Town of Mt. Pleasant
policy requiring that onsite storm water detention
facilities be provided as land is converted from
rural to urban use to prevent any increase in peak
flood discharges and corresponding stages resulting
from such urbanization.

This alternative plan element is similar..to Alterna
tive 5 as shown on Map 61, except that the provi
sion of onsite storage would reduce the height of
structure elevation. The analysis ihdicated that
a total of five structures may be expected to be
located in the primary flood hazard area and one
may be expected to be located in the secondary
flood hazard area. Three structures located in
the primary flood hazard area would have to be
elevated, two structures would have to be flood
proofed, and none would have to be removed
under this alternative plan element. The structure
located in the secondary flood hazard area would
have to be floodproofed . Future flood damage to
private residences along this reach would be vir-



Map 62

CULVERT REPLACEMENT ALTERNATIVES FOR SORENSON CREEK

E)USTING CHANNEL
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A culvert replacement alternative flood control plan was prepared and evaluated to determine if such a measure would provide a technically
feasible and economically sound solution to the flood problem along Sorenson Creek. Under this alternative, the Chicory Road crossing of
Sorenson Creek would be replaced with a clear span bridge. The provision of ansite detention storage as land is converted from rural to urban
use upstream of CTH KR would have no significant impact on the size of the proposed bridge opening. While technically feasible, this alterna
tive was found to be economically unsound,

Source: SEWRPC.
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tually eliminated by the floodproofing and eleva
tion. Table 91 sets forth the number and type of
structures to be floodproofed and elevated and also
summarizes the estimated costs and benefits.

Assuming that the onsite storage and structure
floodproofing and elevation measures would be
fully implemented, and utilizing an annual interest
rate of 6 percent and a project life and amortiza
tion period of 50 years, the equivalent average
annual cost is estimated at about $29,500 per year,
consisting of the amortization of the $364,400
capital cost-$288,000 for onsite detention stor
age, $11,400 for floodproofing, and $65,000 for
structure elevation-and $6,400 in annual opera
tion and maintenance cost of the storage facilities.
Although the onsite detention storage facilities
could be provided by the land developer at no cost
to the Town of Mt. Pleasant, the estimated capital
cost of these facilities of $288,000, and the esti
mated annual operation and maintenance cost of
$6,400 are properly included in any economic
analysis of this alternative when evaluating major
flood control alternatives on an areawide basis.
The average annual flood damage abatement bene
fit is estimated at about $4,300 per year, resulting
in a benefit-cost ratio of 0.15. On the basis of these
findings, it should not be concluded that onsite
storage is uneconomical in every case. In this
respect it should be recognized that onsite stor
age may permit the size and length of local storm
water drainage facilities to be reduced with atten
dant cost reductions. The viability of onsite stor
age in this respect should be evaluated on a site
specific basis.

Excluding the costs for onsite storage and the
benefits attendant thereto, the ratio of total
average annual benefits to public costs is only 0.90.
The onsite storage and structure floodproofing and
elevating alternative plan, as described herein,
while technically feasible, would not be economi
cally sound.

Combination Onsite Storage and Culvert Replace
ment Alternative: A combination onsite storage
and bridge modification plan element was prepared
and evaluated to eliminate the potential for flood
damage to residential structures located upstream
of Chicory Road. This alternative assumes the
continued application of the Town of Mt. Pleasant
policy requiring that onsite storm water detention
facilities be provided as land is converted from
rural to urban use to prevent any increase in peak
flood discharges and corresponding stages resulting
from such urbanization up to and including the

414

100-year recurrence interval event. The analysis
indicated that a clear span bridge as required under
Alternative 3 under plan year 2000 land use
conditions, as shown on Map 62, would also be
required with the provision of onsite storm water
detention storage. The size of the proposed bridge
is based upon the top width of the existing chan
nel, which would remain unchanged under both
Alternative Plan 3 and this alternative.

Assuming that the onsite storage and bridge
replacement project would be implemented, and
utilizing an annual interest rate of 6 percent and
a project life of 50 years, the average annual cost is
estimated at about $30,200 per year, consisting of
the amortization of the $378,300 capital cost of
$288,000 for onsite detention storage and $90,3.00
for bridge replacement, and $6,400 in annual
operation and maintenance cost of the storage
facilities. Although the onsite detention storage
facilities could be provided by the land developer
at no cost to the Town of Mt. Pleasant, the esti
mated capital cost of these facilities of $288,000,
and the estimated annual operation and mainte
nance cost of $6,400 are properly included in any
economic analysis of this alternative when evalu
ating major flood control alternatives on an area
wide basis. The average annual flood damage
abatement benefit is estimated at about $4,300 per
year, yielding a benefit-cost ratio of 0.14. On the
basis of these findings, it should not be concluded
that onsite storage is uneconomical in every case.
In this respect it should be recognized that onsite
storage may permit the size and length of local
storm water drainage facilities to be reduced with
attendant cost reductions. The viability of onsite
storage in this respect should be evaluated on a site
specific basis. Excluding the costs for onsite
storage and the benefits attendant thereto, the
ratio of total average annual benefits to public
costs is 1.23. The onsite storage and bridge replace
ment plan element, as described herein, while
technically feasible, was not found to be economi
cally sound when considering both public and
private costs along this reach of Sorenson Creek.

Taylor Avenue Upstream to Meachem Road
Structure Elevation: A structure floodproofing,
elevation, and removal alternative flood control
plan was prepared and evaluated to determine if
such a structure-by-structure approach would be
a technically and economically acceptable,l'olution
to the flood problem upstream of Taylor Avenue.
For the purpose of this analysis, the 100-year recur
rence interval flood stage under plan year 2000
land use and existing channel and floodplain con-



ditions was used to estimate the number of flood
prone structures to be floodproofed, elevated, or
removed and the approximate costs involved.

As shown on Map 61, the analysis indicated that
two structures may be expected to be located
in the secondary flood hazard area and none are
expected to be located in the primary flood
hazard area. The two structures located in the
secondary flood hazard area would have to be
floodproofed under this alternative plan element.
Future flood damage to private residences along
this reach would be virtually eliminated by the
structure elevation. Table 91 sets forth the number
and type of structures to be elevated and also sum
marizes the estimated costs and benefits.

Assuming that these structure elevation measures
would be fully implemented, and utilizing an
annual interest rate of 6 percent and a project life
and amortization period of 50 years, the equivalent
average annual cost is estimated at about $500 per
year, consisting entirely of the amortization of
the $7,600 capital cost for structure floodproof
ing. The average annual flood damage abatement
benefit is estimated at $200 per year, yielding
a benefit-cost ratio of 0.40. Therefore, the struc
ture elevation alternative plan, as described herein,
while technically feasible along this reach of Soren
son Creek, would not be economically sound.

Combination Onsite Storage and Elevation of
Structures: A combination onsite storage and
structure floodproofing, elevation, and removal
alternative flood control plan was prepared and
evaluated to determine if such a structure-by
structure approach would be a technically and
economically acceptable solution to the flood
problem upstream of Taylor Avenue. This alter
native assumes the continued application of the
Town of Mt. Pleasant policy requiring that onsite
storm water detention facilities be provided as
land is converted from rural to urban use to pre
vent any increase in peak flood discharges and
corresponding stages resulting from such urban
ization up to and including the 100-year recurrence
interval event.

The analysis indicated that two structures may be
expected to be located in the secondary flood
hazard area and none are expected to be located
in the primary flood hazard area, as also deter
mined under Alternative 10 as shown on Map 6l.
The t~P. structures located in the secondary flood
hazard area would have to be floodproofed under
this alternative plan element. Future flood damage
to private residences along this reach would be
virtually eliminated by the structure elevation.

Table 91 sets forth the number and type of struc
tures to be elevated and also summarizes the esti
mated costs and benefits.

Assuming that the onsite storage and structure
elevation measures would be fully implemented,
and utilizing an annual interest rate of 6 per
cent and a project life and amortization period
of 50 years, the equivalent average annual cost
is estimated at about $16,800 per year, consisting
of the amortization of the $198,400 capital cost
for onsite storage and structure floodproofing, and
$4,200 in annual operation and maintenance cost
of the storage facilities. Although the onsite deten
tion storage facilities could be provided by the land
developer at no cost to the Town of Mt. Pleasant,
the estimated capital cost of these facilities of
$190,800, and the estimated annual operation and
maintenance costs of $4,200 are properly includ'ed
in any economic analysis of this alternative when
evaluating major flood control alternatives on an
areawide basis. The average annual flood damage
abatement benefit is estimated at $200, resulting in
a benefit-cost ratio of 0.01. On the basis of these
findings, it should not be concluded that onsite
storage is uneconomical in every case. In this
respect it should be recognized that onsite storage
may permit the size and length of local storm
water drainage facilities to be reduced with atten
dant cost reductions. The viability of onsite storage
in this respect should be evaluated on a site specific
basis. Excluding the cost for onsite storage and the
benefits attendant thereto, the ratio of total aver
age annual benefits to public costs is only 0.40.
The onsite storage and structure elevation alterna
tive plan, as described herein, while technically
feasible, would not be economically sound along
this reach of Sorenson Creek.

No Action Plan Element: As noted above, average
annual damages to residential structures are rela
tively small, only $200 per year, Any technically
feasible floodland management plan element which
would alleviate these minor flood damages may
be expected to be more· costly than the structure
elevation plan element described above and would
greatly exceed the benefits received from its
implementation, Therefore, the no action plan
element would be practicable for this reach of
Sorenson Creek,

ALTERNATIVE FLOODLAND MANAGEMENT
PLAN ELEMENTS FOR KENOSHA BRANCH

The Flood Problem
The hydrologic-hydraulic simulation of Kenosha
Branch under existing land use, channel, and flood
plain conditions indicated that for the reach begin-
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ning 0.20 mile upstream from the confluence with
the Pike River and extending upstream to 14th
Street, there exists the potential for only minor
flood damage to crops. Average annual monetary
flood risks attributable to flood damage to crops
are estimated by application of the economic sub
model described in Chapter VIII, at about $100
under existing conditions, and $300 under plan
year 2000 conditions. Under existing conditions,
flood damages of about $500 during a 100-year
recurrence interval flood event and about $300
during a 10-year recurrence interval flood event
may be expected to be incurred. Under plan year
2000 land use and existing channel and floodplain
conditions, flood damages of about $1,200 and
$400 would be expected to be incurred, respec
tively, during 10- and 100-year flood events.

No Action Plan Element
As noted above, only minor flood damage to crops
on an average annual basis is expected to be
incurred along this reach of Kenosha Branch and
would be relatively insignificant when compared
to even the least expensive of the "action" alterna
tive plan elements such as dikes, detention ponds,
or major channelization. Accordingly, the cost of
any project implemented to prevent these minor
flood damages may be expected to greatly exceed
the benefits received. Therefore, the no-action plan
element would be practicable for this reach of
Kenosha Branch.

ALTERNATIVE FLOODLAND MANAGEMENT
PLAN ELEMENTS FOR PIKE CREEK

The Flood Problem
The hydrologic-hydraulic simulation of Pike Creek
under existing land use and existing channel and
floodplain conditions indicated that there exists
the potential for flood damage to crops along
almost the entire length of Pike Creek, beginning at
CTH E and extending upstream of CTH K. There
also exists the potential for flood damage to
structures in the vicinity of the STH 142 crossing
of Pike Creek, both upstream and downstream.
Average annual monetary flood damages attribut
able to flood damage to structures and crops are
estimated by application of the economic sub
model described in Chapter VIII, at $64,000
under existing land use, channel, and floodplain
conditions, and $93,500 under plan year 2000
land use and existing channel and floodplain con
ditions. If additional development were permitted
in the flood hazard area, even higher monetary
flood risks could be expected to be incurred.
Under existing conditions, flood damages to crops
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and structures of about $134,000 and $79,000,
respectively, during a 100-year recurrence interval
flood event, and about $69,000 and $41,000,
respectively, during a 10-year recurrence interval
flood may be expected to be incurred.Under plan
year 2000 conditions, flood damages to crops and
structures of about $141,000 and $102,000, respec
tively, during a 100-year recurrence interval flood
event, and about $91,000 and $74,000, respec
tively, during a 10-year recurrence interval flood
event may be expected to be incurred.

Channel Enlargement Alternative
A channel enlargement plan element was developed
and analyzed for the lands subjected to flooding by
Pike Creek in order to determine if such a flood
control measure would provide a technically and
economically sound solution to the existing and
anticipated future flood problem. The 100-year
recurrence interval flood discharge under plan year
2000 land use conditions was used as the basis for
the design of this alternative.

The channel enlargement alternative flood control
plan element for Pike Creek is shown on Map 63,
while the physical characteristics and estimated
costs and benefits of this project are set forth in
Table 92. Under this alternative plan element, the
existing channel would be enlarged beginning at
the confluence of Somers Branch with Pike Creek
upstream to CTH K. Major channelization would
be required from CTH K upstream to approxi
mately one-quarter mile north of STH 50. The
proposed channel would have a bottom width
ranging from five to 20 feet with side slopes of one
on three, and the existing streambed would be
deepened upstream of the Town of Somers transfer
station bridge. The deepening would range from
three feet at CTH L to eight feet at CTH K, aver
aging about five feet. The proposed channels would
be designed to provide two feet of freeboard
during the design flood event.

This alternative plan element would also include
replacement of the following six bridges over Pike
Creek: 1) CTH E, 2) Town of Somers transfer
station, 3) STH 142, 4) STH 158, 5) CTH K, and
6) the Milwaukee Road. It should be noted that
the four highway bridges are designated for recon
struction under the Commission's year 2000
transportation plan set forth in SEWRPC Planning
Report No. 25, A Regional Land Use Plan and
a Regional Transportation Plan for SQutheastern
Wisconsin: 2000, which has been adopted by
Kenosha County and the Wisconsin Department
of Transportation. Therefore, the cost of the



Table 92

PRINCIPAL FEATURES. COSTS. AND BENEFITS OF FLOODLAND
MANAGEMENT ALTERNATIVES FOR PIKE CREEK

Economic Analysisa

Annual Annual Excess Benefit-
Nontechnical and

Amortized Operation and Total of Annual Cost
Noneconomic

Alternative Capital Cost
Capital Maintenance Annual Annual Benefits Benefit- Ratio

Considerations
Technically Cost Cost Cost Benefits Over Cost Cost Greater

Number Name Description Feasible Item (thousands) !thousands! (thousands) !thousands) (thousands) !thousands) Ratio Than 1.0 Positive Negative

No action V., S -- S -- S 93.5b
S -- S - No

Channel a. 4.7 miles of channel enlargement V., Channel 489.0 38.0 8.0 44.3 93.5 49.2 2.11 V.,
enlargement 110- to 20-100t bottom width, enlargement

one on three side stopes) and major
b. 3.3 miles of channel deepening channelization

(one- to eight-foot deepening) Bridge
c. 0.8 mile of major channelization replacement 119.0

c

(five- to 10-foot bottom width,
one on three side slopesl Subtotal 608.0

d. Replacement of six bridges

Combination a. 4.7 miles of channel enlargement V.. Channel 330.0 31.2 38.6 69.8 93.5 23.7 1.34 V.,
channel (five- to 10-foot bottom width, enlargement
enlargement one on three side slopes! and major
and diking b. 3.3 miles of channel deepening channelization

(one- to eight-foot deepening) Bridge
c. 0.8 mile of major channelization replacement 111.0c

(five- to 10-foot bottom width. Dikes 55.0
one on three side slopes)

d. Replacement of six bridges SU,btotal 496.0
e. 5.5 miles of dikes along

both sides of channel

Detention a. Two reservoirs V., Reservoirs 733.0 56.7 5.0 61.7 93.5 31.8 1.52 V., Potential to
storage b. 3.1 miles of channel Channel clearing retain public
reservoir clearing and debrushing and debrushing 90.0 open space

c. 0.6 mile of channel enlargement Channel
and deepening (five-foot bottom enlargement
width. one on three side slopes. and major
one- to five-foot deepening) channelization 77.0

d. 0.4 mile of major channelization
(five-foot bottom width. One ·on Subtotal 900.0
three side slopes)

Combination a. 4.7 miles of channel enlargement V.. Channel 459.0 328.0 109.0 437.0 93.5 -376.1 0.21 d No s••
onsite storage (10- to 20-foot bottom width. enlargement Alternative 4
and channel one on three side slopes) and major above
enlargement b. 3.3 miles of channel deepening channelization

{one. to eight-foot deepeningl Bridge
c. 0.8 mile of maior channelization replacement 111.0c

(five-foot bottom width. one Onsite detention
on three side slopes) storage facilities 4,644.0

d. Replacement of six bridges
e. Provide onsite detention Subtotal 5,214.0

storage facilities

Combination a. Two reservoirs V., Reservoirs 610.0 340.0 108.0 448.0 93.5 -354.5 0.21
e No Se.

onsite storage b. 3.1 miles of channel clearing Channel clearing Alternative 4
and detention and debrushing and debrushing 90.0 abo""
storage c. 0.8 mile of channel enlargement Channel
reservoir and deepening (five-foot bottom enlargement

width, one on three side slopes. and major
one· to five-foot deepening) channelization 99.0

d. 0.4 mite of major channelization Onsite detention
(five-foot bottom width, one on storage facilities 4.644.0
three side slopes)

e. Provide onsite detention Subtotal 5.399.0
storage facilities

aEconomic analyses are based on an annual interest rate of 6 f}8rcent and a 50-year amortization f}8riod and
project life.

b The total annual cost consists of the average annual monetary flood damages.

c The bridge replacement costs do not include the costs associated with four bridges designated for reconstruc
tion under the CommiS$ion's year 2000 transportation plan.

Source: SEWRPC.

replacement of these bridges-totaling $990,000
was not included in the cost analysis of the alter
native flood control plan elements.

Utilizing an annual interest rate of 6 percent and
an amortization period and project life of 50 years,
the average annual cost of the channel enlargement
alternative is estimated at $44,300, consisting of
amortization of the $608,000 capital cost of chan
nel enlargement, major channelization, and bridge
replacement; and $6,000 in annual operation and
maintenance cost of the channelized reach. The

dExcluding the costs for onsite storage and the benefits attendant thereto. the ratio of total average annual
benefits to annual public costs is 1.53.

eExcluding the COsts for onsite storage and the benefits attendant thereto, the ratio of total awrage annual
benefits to annual public costs is 1.16.

average annual flood abatement benefit is esti
mated at $93,500, resulting in an excess of $49,200
in annual benefits over costs, and a benefit-cost
ratio of 2.11. Therefore, the channel enlargement
alternative plan, as described herein, may be con
sidered to be both technically feasible and eco
nomically sound.

The cost of this alternative plan element was
also computed utilizing an annual interest rate of
10 percent to determine the effect on the average
annual cost of this project. Assuming this interest
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rate, the average annual cost is estimated at about
$66,800, resulting in an excess of $26,700 in
annual benefits over costs, and a benefit-cost ratio
of 1.40. Therefore, the channel enlargement alter
native plan would also be economically sound
under a 10 percent annual interest rate.

Combination Channel
Enlargement and Dike Alternative
A combination channel enlargement and dike alter
native plan element was developed and analyzed
for the lands subjected to flooding by Pike Creek
in order to determine if such a flood control mea
sure would provide a technically and economically
sound solution to the existing and anticipated
future flood problem. The 100-year recurrence
interval flood discharge under plan year 2000 land
use conditions was used as the basis for the pre
liminary design of this alternative.

The combination channel enlargement and dike
alternative flood control plan element is shown on
Map 64, while the physical characteristics and
estimated costs and benefits of this project are set
forth in Table 92. The assumed dike design is
shown in Figure 52. Under this alternative plan
element, a similar channel improvement as pro
posed in the channel enlargement alternative plan
element would be carried out, except that the
additional provision of dikes along both sides of
the channel would allow for a channelized reach
with a bottom width of not more than 10 feet,
thus reducing the amount of excavation required.
The dikes would have an average height of about
two feet, would not exceed four feet in height, and
would be designed to provide about two feet
of freeboard during the design flood event.

Utilizing an annual interest rate of 6 percent and
an amortization period and project life of 50 years,
the average annual cost of the combination chan
nel enlargement and dike alternative is estimated
at $69,800, consisting of amortization of the
$496,000 capital cost of the channel enlargement,
major channelization, dike construction, and bridge
replacement, and $38,600 in annual operation and
maintenance cost of the enlarged channel and
dikes. The average annual flood abatement benefit
is estimated at $93,500, resulting in an excess of
$23,700 in annual benefits over costs and a benefit
cost ratio of 1.34. Therefore, the channel enlarge
ment and dike alternative plan, as described herein,
is considered to be both technically feasible and
economically sound.
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The cost of this alternative plan element was also
computed utilizing an annual interest rate of
10 percent to determine the effect on the average
annual cost of this project. Assuming this interest
rate, the average annual· cost is estimated at about
$88,200, resulting in an excess of $5,300 in annual
benefits over costs, and a benefit-cost ratio of 1.06.
Therefore, the combination channel enlargement
and dike alternative plan would also be economi
cally sound under a 10 percent annual interest rate.

Detention Storage Reservoir Alternative
A detention storage reservoir plan element was
developed and analyzed for the lands subject to
flooding by Pike Creek in order to determine
if such a flood control measure would provide
a technically and economically sound solution to
the existing and anticipated future flood prob
lem. The 100-year recurrence interval flood dis
charge under plan year 2000 land use conditions
was used as the basis for the preliminary design of
this alternative.

The detention storage reservoir alternative flood
control plan element for Pike Creek is shown on
Map 65, while the physical characteristics and
estimated costs and benefits of this project are
set forth in Table 92. The assumed reservoir outlet
control structure design is shown in Figure 57.
Under this alternative plan element, two detention
storage reservoir sites would be provided-one
located immediately upstream of STH 142, and
another located immediately upstream of the
Milwaukee Road. The STH 142 reservoir would
be confined by the existing STH 142 embankment
on the north, the Chicago & North Western Trans
portation Company enbankment on the east, and
confined elsewhere by the existing topography,
encompassing an area of about 180 acres. The Mil
waukee Road reservoir would be confined by
a proposed earthen dike on the north, the Mil
waukee Road on the east, and confined elsewhere
by the existing topography, encompassing an area
of about 64 acres. Also under this alternative,
clearing and debrushing of the existing channel
from the confluence of Somers Branch upstream
to STH 142 would be required, along with chan
nel enlargement and deepening from STH 158
upstream to CTH K, and major channelization
from CTH K upstream to the Milwaukee Road.
The proposed channel would have a bottom width
of five feet with side slopes of one on three. The
deepening would range from one to five feet aver
aging about three feet. The following four bridges
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would also be replaced: 1) STH E, 2) STH 142,
3) STH 158, and 4) CTH K. As noted above in the
discussion of the channel enlargement alternative,
the replacement cost of these four bridges was not
included in the cost analysis of alternative flood
control plan elements.

Utilizing an annual interest rate of 6 percent and
an amortization period and project life of 50 years,
the average annual cost of the detention storage
reservoir alternative is estimated at $61,700, con
sisting of amortization of the $900,000 capital cost
of land acquisition, channel enlargement, major
channelization, channel clearing and debrushing,
and dike construction; and $5,000 in annual opera
tion and maintenance cost of the channelized
reaches and earthen dikes. The average annual
flood abatement benefit is estimated at $93,500,
resulting in an excess of $31,800 in annual benefits
over costs, and a benefit-cost ratio of 1.52. There
fore, the detention storage reservoir plan element,
as described herein, may be considered to be both
technically feasible and economically sound.

The cost of this alternative plan element was also
computed utilizing an annual interest rate of
10 percent to determine the effect on the average
annual cost of this project. Assuming this interest
rate, the average annual cost is estimated at about
$95,000, resulting in an excess of $1,500 in annual
costs over benefits, and a benefit-cost ratio of 0.98.
Therefore, the estimated annual cost of the deten
tion storage reservoir alternative plan would not
be economically sound using a 10 percent annual
interest rate.

Combination Onsite Storage and
Channel Enlargement Alternative
A combination onsite storage and channel enlarge
ment plan element was developed and analyzed
for the lands subject to flooding by Pike Creek
in order to determine if such a flood control mea
sure would provide a technically and economically
sound solution to the existing and anticipated
flood problems. This alternative assumes the adop
tion of an ordinance similar to that adopted by the
Town of Mt. Pleasant requiring that onsite storm
water detention facilities be provided as land is
converted from rural to urban use to prevent any
increase in peak flood discharges and correspond
ing stages resulting from such urbanization.

The onsite storage and channel enlargement alter
native flood control plan element for Pike Creek is
shown on Map 63, while the physical characteris-

tics and estimated costs and benefits of this project
are set forth in Table 92. Under this alternative
plan element, a similar channel improvement as
proposed in the channel enlargement alternative
plan element would be carried out, except that
the provision of onsite storage facilities on newly
developed land under this alternative plan element
would allow for a smaller channel upstream of
STH 142 with a bottom width of not more than
10 feet, thus reducing the amount of excavation
required. The existing channel would be enlarged
beginning at the confluence of Somers Branch with
Pike Creek upstream to CTH K. Major channeliza
tion would be required from CTH K upstream to
approximately one-quarter mile north of STH 50.
The proposed channel would have a bottom width
ranging from five to 10 feet with side slopes of
one on three, and the existing streambed would be
deepened upstream of the Town of Somers transfer
station bridge to CTH K. The deepening would
range from three feet at STH L to eight feet at
CTH K, averaging about four feet. The proposed
channels would be designed to provide two feet of
freeboard during the design flood event. This alter
native plan element would also include replace
ment of the following six bridges over Pike Creek:
1) CTH E, 2) Town of Somers transfer station,
3) 8TH 142, 4) 8TH 158, 5) CTH K, and 6) the
Milwaukee Road. As noted above in the discussion
of the channel enlargement alternative, the replace
ment cost of the four highway bridges was not
included in the cost analysis of alternative flood
control plan elements.

Utilizing an annual interest rate of 6 percent and
an amortization period and project life of 50 years,
the average annual cost of the onsite detention
storage and channel enlargement alternative is esti
mated at $437,000, consisting of amortization of
the $5,214,000 capital cost of the onsite detention
storage, channel enlargement, and bridge replace
ment; and $109,000 in annual operation and main
tenance cost of the storage facilities and enlarged
channel. Although the onsite detention storage
facilities could be provided by the land developer
at no cost to the Town of Somers, the estimated
capital cost of these facilities of $4,644,000, and
the estimated annual operation and maintenance
cost of $103,000-are properly included in the
total average annual cost of this alternative when
evaluating major flood control alternatives on an
areawide basis. The average annual flood abate
ment benefit is estimated at $93,500, resulting in
an excess of $376,100 in annual costs over bene
fits, and a benefit-cost ratio of 0.21. On the basis
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of these findings, it should not be concluded that
onsite storage is uneconomical in every case. In this
respect it should be recognized that onsite storage
may permit the size and length of local storm
water drainage facilities to be reduced with atten
dant cost 'reductions. The viability of onsite stor
age in this respect should be evaluated on a site
specific basis. Excluding the cost for onsite storage
and the benefits attendant thereto, the ratio of
total average annual benefits to annual public costs
is 1.53, and annual benefits exceed the annual cost
by $22,100.

The onsite detention storage and channel enlarge
ment alternative plan, as described herein, may be
considered technically feasible. The alternative was
found not to be economically sound if both public
and private costs are considered.

Combination Onsite Storage and
Detention Storage Reservoir Alternative
A combination onsite storage and detention stor
age reservoir plan element was developed and
analyzed for the lands subject to flooding by Pike
Creek in order to determine if such a flood con
trol measure would provide a technically and
economically sound solution to the existing and
anticipated future flood problem. This alternative
assumes the adoption of a policy similar to that
adopted by the Town of Mt. Pleasant requiring
that onsite storm water detention facilities be pro
vided as land is converted from rural to urban use
to prevent any increase in peak flood discharges
and corresponding stages resulting from such
urbanization up to and including the 100-year
recurrence interval event.

The onsite storage and detention storage reservoir
alternative flood control plan element for Pike
Creek is shown on Map 65, while the physical
characteristics and estimated costs and benefits of
this project are set forth in Table 92. The assumed
reservoir outlet control structure design is shown in
Figure 57. This alternative plan element is similar
to Alternative 6, except that provision of onsite
storage would require less land for the two deten
tion reservoirs. The STH 142 reservoir would be
confined by the existing STH 142 embankment on
the north, the Chicago & North Western Transpor
tation Company enbankment on the east, and con
fined elsewhere by the existing topography,
encompassing an area of about 144 acres. The
Milwaukee Road reservoir would be confined by
a proposed earthen dike on the north, the Mil
waukee Road on the east, and confined elsewhere
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by the existing topography, encompassing an area
of about 57 acres. Also under this alternative,
clearing and debrushing of the existing channel
from the confluence of Somers Branch upstream
to STH 142 would be required, along with chan
nel enlargement and deepening from STH 158
upstream to CTH K, and major channelization
from CTH K upstream to the Milwaukee Road.
The proposed channel would have a bottom width
of five feet with side slopes of one on three. The
deepening would range from one to five feet, aver
aging about three feet. The following four bridges
would also be replaced: 1) STH E, 2) STH 142,
3) STH 158, and 4) CTH K. As noted above in the
discussion of the channel enlargement alternative,
the replacement cost of these four bridges was not
included in the cost analysis of alternative flood
control plan elements.

Utilizing an annual interest rate of 6 percent and
an amortization period and project life of 50 years,
the average annual cost of the onsite storage and
detention storage reservoir alternative is estimated
at $448,000, consisting of amortization of the
$5,399,000 capital cost of the onsite detention
storage, land acquisition, channel enlargement,
channel clearing and debrushing, bridge replace
ment, and dike construction; and $108,000 in
annual operation and maintenance cost of the
onsite storage facilities and channelized reaches.
Although the onsite detention storage facilities
could be provided by the land developer at no
cost to the Town of Somers, the estimated capital
cost of these facilities of $4,644,000, and the esti
mated annual operation and maintenance cost of
$103,000, are properly included in any economic
analysis of this alternative when evaluating major
flood control alternatives on an areawide basis.
The average annual flood abatement benefit is
estimated at $93,500, resulting in an excess of
$354,500 in annual costs over benefits and a bene
fit cost ratio of 0.21. On the basis of these find
ings, it should not be concluded that onsite storage
is uneconomical in every case. In this respect it
should be recognized that onsite storage may
permit the size and length of local storm water
drainage facilities to be reduced with attendant
cost reductions. The viability of onsite storage in
this respect should be evaluated on a site specific
basis. Excluding the costs for onsite storage and
the benefits attendant thereto, the ratio of total
average annual benefits to public annual costs is
1.16, and annual benefits exceed the annual costs
by $8,700.
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The onsite storage and detention storage reser
voir alternative plan, as described herein, may
be considered technically feasible. However, esti
mated annual costs exceed annual benefits by
a substantial amount and the alternative is not
economically sound when considering both public
and private costs.

Hydraulic Analysis of the Bridge
Over Pike Creek Near the Town of
Somers Solid Waste Transfer Station
In early 1980, the Kenosha County Drainage Board
ordered the Town of Somers to replace the culverts
carrying the access road to the Town solid waste
transfer station over Pike Creek in order to relieve
flooding conditions in fields upstream, reportedly
caused by the backwater effects of the bridge.
After discussion with the Pike River Watershed
Committee, it was concluded that any recommen
dations concerning alternative floodland manage
ment measures for this structure on Pike Creek
should be preceded by appropriate hydraulic analy
ses to be conducted as part of the watershed study.
Accordingly, the Town of Somers reached an agree
ment with the Kenosha County Drainage Board to
postpone action on this matter until both bodies
could consider the findings and recommendations
of the watershed study.

The subject creek crossing consists of two three
foot diameter culverts placed over three five-foot
diameter culverts placed directly on the stream
bottom, as shown in Figure 58. Hydraulic analyses
conducted by the Commission staff indicated the
culverts have a combined hydraulic capacity ade
quate to assure no significant hydraulic backwater.
Figure 59 illustrates the upstream extent of such
backwater effects for the 10- and 100-year recur
rence interval flood events if the bridge opening is
not blocked by debris. Under 10-year recurrence
interval flood conditions, the backwater caused by
the bridge absent any blockage becomes less than
0.2 foot-at a point about 0.4 mile upstream. Fur
thermore, the 10-year event, though not contained
entirely within the channel, would normally cause
high water conditions for less than 12 hours. In
a 100-year recurrence interval flood event, the
entire bridge becomes submerged and thereby
becomes hydraulically insignificant.

The potential exists, however, for the waterway
openings in the structure to become blocked by
debris. Should such blockage of the waterway
openings occur, flow may be expected to be forced
over the top of the bridge during even relatively

Figure 58

BRIDGE OVER PIKE CREEKNEARTHE TOWN OF
SOMERS SOLID WASTE TRANSFER STATION

Source: SEWRPC.

small storm events which are likely to occur several
times annually, resulting in stages as high as the
10-year flood with attendant inundation of agri
cultural drainage tile outlets, thus inhibiting the
effectiveness of drainage from adjacent fields.
Moreover, these high water levels may be sustained
for long periods of time if the culverts are left
severely blocked. No overbank flooding would be
attributable to such obstructed flow conditions,
however, because the banks are high in the affected
reach upstream.

Two alternatives exist to alleviate the potential
problems associated with this structure. The first
alternative would provide for the replacement of
the structure with a new structure having a clear
span opening, thus reducing the potential for block
age of the opening by water borne debris or ice.
The Town of Somers has already obtained design
plans for such a replacement structure, that being
a f timber structure having an estimated construc
tion cost of about $40,000 in 1980 dollars.

The second alternative consists of retaining the
existing structure and providing a maintenance
program for removal of debris from the structure
opening. Under such a program, debris would be
removed from the structure opening after signifi
cant storm events, thus preventing the buildup of
debris and eventual blockage of the opening when
future storm events occur. This structure mainte
nance program could be expected to cost approxi
mately $250 annually. This cost estimate assumes
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Figure 59

EFFECTS OF TOWN OF SOMERS TRANSFER STATION BRIDGE ON FLOOD STAGES ALONG PIKE CREEK
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debris removal five times annually, requiring
a single Town employee at a cost of $11 per hour,
a vehicle operating cost of $5 per round trip, and
approximately four hours to complete the debris
removal effort.

ALTERNATIVE FLOODLAND
MANAGEMENT PLAN ELEMENTS
FOR THE UPPER PIKE RIVER

The Flood Problem
The hydrologic-hydraulk simulation of the Upper
Pike River under existing land use, channel, and
floodplain conditions indicated that there exists
the potential for flood damage to crops along the
entire length of this stream reach. There also exists
the potential for flood damage to structures at
five locations along this stream reach. Average
annual monetary flood damages attributable to
flood damage to structures and crops are esti
mated, by application of the economic submodel
described in Chapter VIII, at $11,100 under exist
ing land use, channel, and floodplain conditions,
and $42,100 under plan year 2000 land use and

existing channel and floodplain conditions. If addi
tional development were permitted in the flood
hazard area, even higher monetary flood risks
could be expected to be incurred. Under existing
land use, channel, and floodplain conditions, flood
damages to crops and structures of about $29,800
and $169,000, respectively, during a 100-year
recurrence interval flood event, and about $4,200
and $24,200, respectively, during a 10-year recur
rence interval flood may be expected to be
incurred. Under plan year 2000 land use and
existing channel and floodplain conditions, flood
damages to crops and structures of about $46,000
and $310,000, respectively, during a 100-year
recurrence interval flood event, and about $20,400
and $113,000, respectively, during a 10-year recur
rence interval flood event may be expected to
be incurred.

Channel Enlargement Alternative
A channel enlargement alternative flood control
plan was developed and analyzed for the lands
subjected to flooding by the Upper Pike River to
determine if such a flood control measure would
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provide a technically and economically sound solu
tion to the existing and anticipated flood problem.
The 100-year recurrence interval flood discharge
under plan year 2000 land use conditions was used
as the basis for the design of this alternative.

The channel enlargement alternative flood control
plan element for the Upper Pike River is shown on
Map 66, while the physical characteristics and esti
mated costs and benefits of this project are set
forth in Table 93. Under this alternative plan ele
ment, the existing channel would be enlarged and
deepened beginning 0.35 mile south of CTH KR
upstream to CTH C. Major channelization would
be required downstream of the reach noted above
to the confluence of Pike Creek with the Pike
River. The proposed channel would have a bottom
width ranging from five to 20 feet with side slopes
of one on three. The deepening would range from
one to four feet, averaging about three feet. The
enlarged channel would be designed to provide two
feet of freeboard during the design flood event.

This alternative plan element would also include
replacement of 10 bridges over the Upper Pike
River: 1) STH 31, 2) CTH KR, 3) Braun Road,
4) STH 11, 5) Chicago, Milwaukee, St. Paul &
Pacific Railroad, 6) Oakes Road, 7) STH 20,8) pri
vate drive 0.29 mile upstream of STH 20, 9) pri
vate drive 0.77 mile upstream of STH 20, and
10) Spring Street. It should be noted that five
of these eight bridges-STH 31, CTH KR, Braun
Road, STH 11, and STH 20-are designated for
reconstruction for highway capacity purposes
under the year 2000 regional transportation system
plan as set forth in SEWRPC Planning Report
No. 25, A Regional Land Use Plan and a Regional
Transportation Plan for Southeastern Wisconsin:
2000, which has been adopted by Racine County
and the Wisconsin Department of Transportation.
Therefore, the cost of the replacement of these five
bridges-totaling $1,500 ,OOO-was not included in
the cost analysis of the alternative flood control
plan elements.

Utilizing an annual interest rate of 6 percent and
an amortization period and project life of 50 years,
the average annual cost of the channel enlargement
alternative is estimated at $70,400, consisting of
amortization of the $997,000 capital cost of chan
nel enlargement, major channelization, and bridge
replacement; and $7,600 in annual operation and
maintenance cost of the enlarged channel. The aver
age annual flood abatement benefit is estimated at
$42,100, resulting in an excess of $28,300 in

annual costs over benefits and a benefit-cost ratio
of 0.60. The channel enlargement alternative plan,
as described herein, while technically feasible, was
not found to be economically sound.

Combination Dike and Structure
Floodproofing and Elevation Alternative
A combination dike and structure floodproofing
and elevation plan element was also developed and
analyzed in order to determine if such a structural
measure would provide a technically feasible and
economically sound solution to the flood problems
along the Upper Pike River. The 100-year recur
rence interval flood discharge under plan year 2000
land use and existing channel conditions was used
as the basis for the design of this alternative.

The dike and structure floodproofing and elevation
elements of this alternative flood control plan for
the Upper Pike River are shown on Map 67 and the
costs and benefits attendant to this alternative are
set forth in Table 93. The assumed dike design is
shown in Figure 52. Under this alternative plan
element, protection from flood damage by flood
proofing, elevation, or diking would be provided
for structures located in the four areas shown on
Map 67. However, no flood control measures would
be provided to eliminate the potential for relatively
minor flood damage to crops along the Upper
Pike River.

As shown on Map 67, the analysis indicated that
42 structures may be expected to be located in the
primary flood hazard area, and 27 structures may
be expected to be located in the secondary flood
hazard area along the Upper Pike River. In the area
south of Spring Street, 20 structures would have to
be floodproofed and six structures would have to
be elevated. In the area located east of Oakes Road,
eight structures would have to be floodproofed and
two structures would have to be elevated. The area
located north of the S. C. Johnson & Son plant
would require a dike along the west side of Stuart
Road about 1,500 feet long with an average height
of about four feet and a maximum height of about
six feet. A buried conduit about 700 feet long
would also be required to drain the area west of
the dike, and would be equipped with an inlet with
a backwater gate to drain the area between the
Chicago & North Western Railroad and Stuart Road.
In the area north of STH 11, a dike would be
required west of the Pike River with a length of
about 900 feet and an average height of about four
feet, and a maximum height of about six feet. In
addition, five structures would have to be flood-
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Table 93

PRINCIPAL FEATURES, COSTS, AND BENEFITS OF FLOODLAND
MANAGEMENT ALTERNATIVES FOR THE UPPER PIKE RIVER MAIN STEM

Economic Analvslss

Annual Annual Excess Benefit-

Amortized Operation and Total of Annual eo..
Nontechnical and

Alternative Capital Cost
Capital Maintenance Annual Annual Benefits Benefit- Ratio

Noneconomic Considerations
Technically eo.. C<Kt Co.. Benefits Over Cost C<Kt Greater

Number Name DescriPtion Fsesible Item lthousands) (thousands) (thousands) (thousands) (thousandsl (thousandsl Redo Than 1.0 Positive Negative

No action y" $ 42.,b No

Channel a. 5.6 miles of channel y., Channel 763.0 62.8 7.6 70.4 42.1 ·28.3 0.60 No
enlargement enlargement (five- to enlargement

2O-100t bottom width, and major
one on three side slopes) channelization

b. 1.2 miles of major Bridge
channelization (20-100t replacement 234.0c

bottom width. one on
three side slopes) Subtotal 997.0

c. 5.6 miles of channel
deepening (one- to
four·foot deepening)

d. Replacement of
10 bridges

Combination a. 2,400 feet of dikes y., Dikes 171.2 36.0 2.0 38.0 33.1 -4.9 0.87 No Immediate partial Complete, voluntary
dike and b. Local drainage control Land acquisition 3.6 flood relief at implementation
structure c. Floodproof up to 33 Excavation 31.6 discretion of unlikely and there-
floodproofing residential structures Drainage culverts 3.0 property owners fore left with a
and elevation d. Elevate up to 10 Buried conduit 31.6 Most of the costs significant residual

residential structures Floodproofing 80.0 would be borne flood problem
Elevating 245.0 by beneficiaries Some f100dproofing

is likely to be applied
Subtotal 566.0 without adequate

professional advice
and,asa result,
structure damage
may occur

Combination a. 5.6 miles of channel y., Channel 541.0 356.0 116.0 471.0 42.1 ·428.9 O.09
d No Potential to

onsite enlargement (five- to enlargement retain Public
detention 20·foot bottom width, and major open space
storage and one on three side slopes) channelization
channel b. 1.2 miles of maior Bridge
enlargement channelization (20-foot replacement 234.0c

bottom width, one Onsite detention
on three side slopes) storage facilities 4,880.0

c, 2.6 mites of channel
deepening (one-to four- Subtotal 5,635.0
foot deepening)

d, Replacement of
10 bridges

e, Provide onsite detention
storage facilities

Combination a. 2,400 feet of dikes y., Dikes 128.4 332.0 110,0 442.0 33,1 - 408,9 0.Q1 No See Alternative 3 Aesthetic impact
onsite b, Local drainage control Land above of visual barrier
detention c. -Floodproof up to 26 acquisition 3.6
storage, dike, residential structures Excavation 31.5
and structure d. elevate up to six Drainage culverts 3.0
f1oodproofing residential structures Buried conduit 31.5
and elevation Floodproofing 27.0

Elevating 154_0
Onsite detention 4.860.0

storage facilities

Subtotal 5,239.0

Combination a. Four reservoirs y., Reservoirs 493.0 437.0 191.0 628.0 42.1 -585.9 0.07
e No See Alternative 3

onsite b. Replacement of Bridge above
detention 10 bridges replacement 234.0c

storage and c. 6.8 miles of channel Channel clearing
detention clearing and debrushing and debrushing 108.0
storage d, 3.6 miles of dikes along Dikes 1,241.0
reservoir both sides of channel Onsite detention

(two.foot average storage facilities 4,860.0
height)

e. Provide OOlite detention Subtotal 8.936.0
storage facilities

aEconomic analyses are based on an annual interest rate of 6 percsnt and a 50·year amortization period and dExcluding the costs for onsite storaga and the benefits amndanr thereto, the ratio of total average benefits to
project life. annual public costs is 0.20.

bThe total annual cost consists of the everage annual monetery flood damages. eExcluding the costs for ons;t8 storage sndthe benefits amndant thereto, thf; ratio of the tota/average annual
benefits to annual Public costs is 0.05,

cThe bridge replacement costs do not include the costs associated with five bridges designated for reconstruc-
tion under the Commission's year 2000 transportation plan.

Source: SEWRPC.
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proofed and two structures would have to be
elevated in this area. No structures would have to
be removed under this alternative, and future
flood damage to private residences and commercial
structures along the Upper Pike River would be
virtually eliminated by these flood control mea
sures. Table 93 sets forth the number and type of
structures to be floodproofed and elevated and also
summarizes the estimated costs and benefits.

Assuming that the combination dike and structure
floodproofing and elevation measures would be
fully implemented, and utilizing an annual interest
rate of 6 percent and a project life and amortiza
tion period of 50 years, the equivalent average
annual cost is estimated at $38,000, consisting of
the amortization of the $566,000 capital cost
$80,000 for floodproofing, $245,000 for structure
elevation, and $241,000 for the dikes, buried con
duit, and local drainage control measures-and
$2,000 per year for operation and maintenance of
dikes. The average annual flood damage abatement
benefit is estimated at $33,100, resulting in an
excess in annual costs over benefits and a benefit
cost ratio of 0.87.

The combination dike and structure floodproofing
and elevation plan element, as described herein,
while technically feasible, was not found to be
economically sound.

Combination Onsite Detention Storage
and Channel Enlargement Alternative
A combination onsite detention storage and chan
nel enlargement plan element was developed and
analyzed for the lands subject to flooding by the
Upper Pike River in order to determine if such
a flood control measure would provide a techni
cally and economically sound solution to the
existing and anticipated flood problems. This
alternative assumes the continued application of
the Town of Mt. Pleasant policy requiring that
onsite storm water detention facilities be provided
as land is converted from rural to urban use to
prevent any increase in peak flood discharges and
corresponding stages resulting from such urbaniza
tion up to and including the 100-year event.

The combination onsite detention storage and
channel enlargement alternative flood control plan
element for the Upper Pike River is shown on
Map 66, while the physical characteristics and esti
mated costs and benefits of this project are set
forth in Table 93. Under this alternative plan ele
ment, a similar channel improvement as proposed

in the channel enlargement alternative plan ele
ment would be carried out, except that the provi
sion of onsite storage facilities on newly developed
land under this alternative plan element would
reduce the amount of channel deepening required.
The existing channel would be enlarged beginning
0.35 mile south of CTH KR upstream to CTH C.
Major channelization would be required down
stream of the reach noted above to the confluence
of Pike Creek with the Pike River. The proposed
channel would have a bottom width ranging from
five to 20 feet with side slopes of one on three, and
the existing streambed would be deepened begin
ning at the confluence of Pike Creek with the Pike
River upstream to Braun Road. The' deepening
would range from one to four feet, averaging about
three feet. The enlarged channel would be designed
to provide two feet of freeboard during the design
flood event.

This alternative plan element would also include
replacement of the following 10 bridges over the
Pike River: 1) STH 31,2)CTH KR, 3) Braun Road,
4) STH 11, 5) Chicago, Milwaukee, St. Paul &
Pacific Railroad, 6) Oakes Road, 7) STH 20, 8) pri
vate drive 0.29 mile upstream of STH 20, 9) pri
vate drive 0.77 mile upstream of STH 20, and
10) Spring Street. As noted above in the discussion
of the channel enlargement alternative, the cost
of five of these eight bridges, which were recom
mended for replacement under the regional trans
portation plan, was not included in the cost analysis
of alternative flood control plan elements.

Utilizing an annual interest rate of 6 percent and
an amortization period and project life of 50 years,
the average annual cost of the combination onsite
detention storage and channel enlargement alter
native is estimated at $471 ,000, consisting of
amortization of the $5,635,000 capital cost of
the onsite detention storage, channel enlargement,
and bridge replacement; and $116,000 in annual
operation and maintenance cost of the onsite stor
age facilities and proposed channel. Although the
onsite detention storage facilities could be provided
by the land developer at no cost to the Town of
Mt. Pleasant, the estimated capital cost of these
facilities-$4,860,000, and the estimated annual
operation and maintenance cost of $108,000-are
properly included in any economic analysis of this
alternative when evaluating major flood control
alternatives on an areawide basis. The average
annual flood abatement benefit is estimated at
$42,100, resulting in an excess of $428,900 in
annual costs over benefits, and a benefit-cost ratio
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of 0.09. On the basis of these findings, it should
not be concluded that onsite storage is unecono
mical in every case. In this respect it should be
recognized that onsite storage may permit the size
and length of local storm water drainage facilities
to be reduced with attendant cost reductions. The
viability of onsite storage in this respect should be
evaluated on a site specific basis. Excluding the
costs associated with onsite storage and the bene
fits attendant thereto, the ratio of total average
annual cost benefits to public costs is still 0.20.
The combination onsite detention storage and
channel enlargement alternative plan, as described
herein, while technically feasible, is not economi
cally sound.

Combination Onsite Storage, Dike and Structure
Floodproofing and Elevation Alternative
A combination onsite storage, dike, and structure
floodproofing and elevation plan element was
developed and analyzed in order to determine if
such a structural measure would provide a tech
nically feasible and economically sound solution
to the flood problems along the Upper Pike River.
This alternative assumes the continued application
of the Town of Mt. Pleasant policy requiring that
onsite stormwater detention facilities be provided
as land is converted from rural to urban use to pre
vent any increase in peak flood discharges and
corresponding stages resulting from such urbaniza
tion, up to and including the 100-year recurrence
interval event.

The dike and structure floodproofing and elevation
elements of this alternative flood control plan for
the Upper Pike River are shown on Map 68 and the
costs and benefits attendant to this alternative are
set forth in Table 93. The assumed dike design is
shown in Figure 52. Under this alternative plan
element, protection from flood damage by flood
proofing, elevation, or diking would be provided
for structures located in the four areas shown on
Map 68. However, no flood control measures
would be provided to eliminate the potential for
relatively minor flood damage to crops along the
Upper Pike River.

As shown on Map 68, the analysis indicated that
36 structures may be expected to be located in the
primary flood hazard area, and 22 structures may
be expected to be located in the secondary flood
hazard area along the Upper Pike River. In the area
south of Spring Street, 17 structures would have to
be floodproofed and five structures would have to
be elevated. In the area located east of Oakes Road,

five structures would have to be floodproofed and
one structure would have to be elevated. The area
located north of the S. C. Johnson & Son plant
would require a dike along the west side of Stuart
Road about 1,500 feet long with an average height
of about two feet and a maximum height of about
four feet. A buried conduit about 700 feet long
would also be required to drain the area west of
the dike, and would be equipped with an inlet with
a backwater gate to drain the area between the
Chicago & North Western Railroad and Stuart Road.
In the area north of STH 11, a dike would be
required west of the Pike River with a length of
about 900 feet, an average height of about three
feet, and a maximum height of about five feet. In
addition, four structures would have to be flood
proofed in this area. No structures would have to
be removed under this alternative. and future flood
damage to private residences and commercial struc
tures along the Upper Pike River would be vir
tually eliminated by these flood control measures.
Table 93 sets forth the number and type of struc
tures to be floodproofed and elevated and also
summarizes the estimated costs and benefits.

Assuming that the combination onsite storage,
dike, and structure floodproofing and elevation
measures would be fully implemented, and utiliz
ing an annual interest rate of 6 percent and a pro
ject life and amortization period of 50 years, the
equivalent average annual cost is estimated at
$442,000, consisting of the amortization of the
$5,239,000 capital cost-$4,860,000 for the onsite
detention storage, $27,000 for floodproofing,
$154,000 for structure elevation, and $198,000 for
the dikes, buried conduit, and local drainage con
trol measures-and $110,000 per year for opera
tion and maintenance of the storage facilities and
dikes. Although the onsite detention storage facili
ties could be provided by the land developer at no
cost to the Town of Mt. Pleasant, and the esti
mated capital cost of these facilities of $4,860,000,
and the estimated annual operation and mainte
nance cost of $108,000 are properly included in
any economic analyses of this alternative when
evaluating major flood control alternatives on an
areawide basis. The average annual flood damage
abatement benefit is estimated at $33,100, result
ing in a benefit-cost ratio of 0.07. On the basis of
these findings, it should not be concluded that
onsite storage is uneconomical in every case. In this
respect, it should be recognized that onsite storage
may permit the size and length of local stormwater
drainage facilities to be reduced with attendant
cost reductions. The viability of onsite storage in
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this respect should be evaluated on a site specific
basis. Excluding the costs for onsite storage, the
ratio of total average annual benefits to public
costs is 1.27.

The combination onsite storage, dike, and struc
ture floodproofing and elevation plan element, as
described herein, while technically feasible, was
not found to be economically sound.

Combination Onsite Storage and
Detention Storage Reservoir Alternative
A combination onsite storage and detention stor
age reservoir plan element was developed and
analyzed for the lands subject to flooding by the
Upper Pike River in order to determine if such
a flood control measure would provide a techni
cally and economically sound solution to the exist
ing and anticipated flood problem. This alternative
assumes the continued application of the Town of
Mt. Pleasant policy requiring that onsite storm
water detention facilities be provided as land is
converted from rural to urban use to prevent any
increase in peak flood discharges and correspond
ing stages resulting from such urbanization.

The combination onsite storage and detention stor
age reservoir alternative flood control plan element
for the Upper Pike River is shown on Map 69,
while the physical characteristics and estimated
costs and benefits of this project are set forth in
Table 93. The assumed reservoir outlet control
structure design is shown in Figure 57. Under this
alternative plan element, four detention storage
reservoir sites would be provided-one located
immediately upstream of CTH C, one located
north of the S. C. Johnson & Son plant, one
located north of the Wisconsin Electric Power
Company bulk substation located east of the
Village of Sturtevant, and another located north
of the J. I. Case Company plant. Clearing and
debrushing of the entire length of the existing
channel would be required in addition to the
provision of dikes along both sides of the existing
channel in the following three reaches: 1) STH 31
to Braun Road, 2) River Mile 13.00 to River Mile
14.10, and 3) North Construction Road to the
confluence of Bartlett Branch. The assumed dike
design is shown in Figure 52. The dikes would have
an average height of about two feet and would not
exceed four feet in height, and would be designed
to provide about two feet of freeboard during the
design flood event. The following 10 bridges would
also be replaced: 1) STH 31,2) CTH KR, 3) Braun
Road, 4) STH 11, 5) Chicago, Milwaukee, St. Paul &
Pacific Railroad, 6) Oakes Road, 7) STH 20,8) pri-
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vate drive 0.29 mile upstream of STH 20,9) private
drive 0.77 mile upstream of STH 20,and 10) Spring
Street. As noted above in the discussion of the
channel enlargement alternative, the replacement
cost of five of these eight bridges, which were
recommended for replacement under the regional
transportation plan, was not included in the cost
analysis of alternative flood control plan elements.

Utilizing an annual interest rate of 6 percent and
an amortization period and project life of 50 years,
the average annual cost of the combination onsite
detention storage and detention storage reservoir
alternative is estimated at $628,000, consisting of
amortization of the $6,936,000 capital cost of the
onsite detention storage, four detention storage
reservoirs, channel clearing and debrushing, diking,
and bridge replacement; and $191,000 in annual
operation and maintenance cost of the onsite
storage facilities and detention storage reservoirs.
Although the onsite detention storage facilities
could be provided by the land developer at no cost
to the Town of Mt. Pleasant, the estimated capital
cost of these facilities-of $4,860,000, and the
estimated annual operation and maintenance cost
of $108,000----are properly included in any eco
nomic analysis of this alternative when evaluating
major flood control alternatives on an areawide
basis. The average annual flood abatement bene
fit is estimated at $42,100, resulting in an excess
of $585,900 in annual costs over benefits and
a benefit-cost ratio of 0.07. On the basis of these
findings, it should not be concluded that onsite
storage is uneconomical in every case. In this
respect it should be recognized that onsite storage
may permit the size and length of local storm
water drainage facilities to be reduced with atten
dant cost reductions. The viability of onsite storage
in this respect should be evaluated on a site specific
basis. Excluding the costs for onsite storage, and
the benefits attendant thereto, the ratio of total
average annual benefits to costs is still 0.05. The
combination onsite detention and offsite storage
reservoir alternative plan, as described herein, while
technically feasible, is not economically sound.

ALTERNATIVE FLOODLAND
MANAGEMENT PLAN ELEMENTS
FOR THE LOWER PIKE RIVER

The Flood Problem
The hydrologic-hydraulic simulation of the Lower
Pike River under existing land use, channel, and
floodplain conditions indicated that there exists
the potential for flood damage to crops along most









of the Lower Pike River upstream of the Chicago &
North Western Transportation Company crossing,
and the potential for flood damage to structures
at three locations along this stream reach. There
also exists the potential for flood damage to the
Kenosha Country Club, located along the stream
reach between Lathrop Avenue and CTH Y, in the
form of both direct damages and revenue losses
when the river occupies the adjacent floodplain.
Under existing land use, channel, and floodplain
conditions, flood damages to crops and structures
of about $13,400 and $148,300, respectively,
during a 100-year recurrence interval flood event
and about $53,400 and $6,400, respectively,
during a 10-year recurrence interval flood event
may be expected to be incurred. Under plan year
2000 land use and existing channel and floodplain
conditions, flood damages to crops and structures
of about $66,200 and $158,000, respectively,
during a 100-year recurrence interval flood event,
and about $55,000 and $19,200, respectively,
during a 10-year recurrence interval flood event
may be expected to be incurred.

Major Channelization Alternative
A major channelization alternative flood control
plan was prepared and evaluated for the lands
subjected to flooding by the Lower Pike River in
order to determine if such a flood control measure
would provide a technically and economically
sound solution to the existing and anticipated
flood problem. The 100-year recurrence interval
flood discharge under plan year 2000 land use
conditions was used as the basis for the design of
this alternative.

The major channelization alternative flood control
plan element for the Lower Pike River is shown on
Map 70, while the physical characteristics and esti
mated costs and benefits of this project are set
forth in Table 94. Under this alternative plan
element, a total of about eight miles of the Lower
Pike River would be channelized. The channel
would be constructed with a bottom width of
approximately 50 feet and channel side slopes
of one on three. The channel would be adequate
to accommodate the 100-year recurrence inter
val flood flow with generally about two feet
of freeboard.

This alternative plan element would also include
replacement of 12 bridges over the Lower Pike
River, both to provide adequate hydraulic capa
city to pass flood flows and to accommodate the
enlarged channel. The following bridges would be
replaced: 1) STH 32, Alford Park Drive; 2) STH 32,
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Sheridan Road; 3) private drive into Carthage
College; 4) STH 32, S. 32nd Street; 5) Chicago &
North Western Transportation Company; 6) CTH E;
7) CTH A; 8) Lathrop Avenue; 9) Chicago, North
Shore & Milwaukee Railroad Company; 10) CTH Y;
11) CTH G; and 12) CTH A. It should be noted that
five of these bridges are highway bridges designated
for reconstruction under the Commission's year
2000 transportation plan set forth in SEWRPC Plan
ning Report No. 25, A Regional Land Use Plan and
a Regional Transportation Plan for Southeastern
Wisconsin: 2000, which has been adopted by
Kenosha County and the Wisconsin Department
of Transportation. Therefore, the cQst of the
replacement of the following five bridges-totaling
$1,380,000-was not included in the cost analysis
of the alternative flood control plan element:
1) STH 32, Alford Park Drive; 2) STH 32, Sheri
dan Road; 3) STH 32, S. 32nd Street; 4) CTH E;
and 5) CTH Y.

Assuming that the major channelization alternative
would be fully implemented, and utilizing an
annual interest rate of 6 percent and a project life
and amortization period of 50 years, the average
annual cost is estimated at $295,000, consisting of
the amortization of the $4,594,000 capital cost of
channelization and bridge replacement, and $6,000
in annual operation and maintenance cost of the
channel. The average annual flood abatement bene
fit is estimated at about $45,700, resulting in an
excess of $249,300 in annual costs over benefits
and a benefit-cost ratio of 0.15. Therefore, the
major channelization plan element, as described
herein, while technically feasible, would not be
economically sound.

Diversion Channel Alternative
A diversion channel alternative flood control plan
was developed and analyzed for the lands subject
to flooding by the Lower Pike River in order to
determine if such a flood control measure would
provide a technically and economically sound solu
tion to the existing and anticipated flood problem.
The 100-year recurrence interval flood discharge
under plan year 2000 land use conditions was used
as the basis for the design of this alternative.

Two locations along the Lower Pike River, as
shown on Map 71, were selected as potential sites
for construction of diversion channels from the
Pike River to Lake Michigan. The physical char
acteristics and estimated costs and benefits of the
two projects are set forth in Table 94. It should be
noted that a diversion channel could only be prac
tically located downstream of the confluence of
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Table 94

PRINCIPAL FEATURES, COSTS, AND BENEFITS OF FLOODLAND
MANAGEMENT ALTERNATIVES FOR THE LOWER PIKE RIVER

Economic Analysisa

Annual Annual Excess Benefit-
Amortized Operation and Total of Annual Cost Nontechnical and

Alternative Capital Cost
Capital Maintenance Annual Annual Benefits Benefit- Ratio

Noneconomic Considerations
Technically Cost Cost Cost Benefits OverCast Cost Greater

Number Name Description Feasible Item (thousands) (thousands) (thousands) (thousands) (thousands) (thousands) Ratio Than 1.0 Positive Negative

No action V" $ -- $ -- $ 45.7b $-- $ -- No

Major a. 8.0 miles of V" Channel ization 2,994.0 289.0 6.0 295.0 45.7 - 249.3 0.15 No
channelization channelization Bridge

(50 foot bottom replacement 1,600.0c

Width, one on
three side slopesl Subtotal 4,594.0

b. Replace 12 bridges

Diversion
channel to
Lake Michigan
a.Site 1 a.3,1oofeet V" Channelization 1,639.0 144.6 0.' 145.0 27.7 -117.3 0.19 No

ofmaior Bridge
channe-lization construction 654.0
(30-50 foot bottom
Width, one on one Subtotal 2,293.0
to one on three
side slopes)

b. Construct
two bridges

b. Site 2 a. 850 feet of major V" Channelization 442.9 38.0 0.1 38.1 8 .• 29.2 0.23 No
channelization Bridge
150-foot, bottom construction 156.0
width, one on
one side slope) Subtotal 598.9

b. Construct
one bridge

Structure a. Floodproof one V" Floodproofing 23.0 2.8 39.4
d

9,100.0 30.3 0.23 No Immediate partial Complete, voluntarv
floodproofing commercial Elevation 20.0 flood relief at implementation
and elevation structure and one discretion of unlikelvand

recreational Subtotal 43.0 property owners therefore left with
facility Most of the costs a significant

b. Elevate one would be borne residual flood
residential by beneficiaries problem
structure Overland flooding

end attendant
problems remain

Some floodproofing
is likelv to be

'11~
applied without
adequate advice
and as a result,
structure damage
mavoccur

Diking a. 4.4 miles of dikes V" Dikes 2,006.0 129.0 13.0 142.0 45.7 96.3 0.32 No See Alternative 4 See Alternative 4

(average height from Bridge
b

above above.
five to nine feed replacement -- Damages to crops

b. Replace five bridges FIOQdproofing 23.0 would not be

c. Floodproof one Elevation 20.0 abated

commercial and Aesthetic impact

one recreational Subtotal 2.049.0 of visual barrier

facility
d. Elevate one

residential
structure

Combination a. One reservoir V" Reservoir 364.0 303.0 17_6 380.6 45.7 ·334.9 0.12
e

No see Alternative 4 Aesthetic impact

onsite b. Replace five bridges Bridge above of visual barrier

detention c. 4.4 miles of dikes replacement See Alternative 4

storage laverage height from Dikes 1,502.0 above

detention four to seven feed Floodproofing 23.0
storage, d. Floodproof one Onsite
reservoir, commercial detention
and diking structure and one storage

recreational facilities 2.916.0
structure

e. Provide onsite Subtotal 4,805.0
detention storage
facilities

aEconomic analvses are based on an annual interest rate of 6 percent and a 50-year amortization period and tiThe total annual cost includes $36,600 in average annual crop damages which would continue upon implemen-

project life. tation of this alternative.

b The total annual cost consists of the average annual monetarv flood damages. eExcluding the costs for onsite storage and the benefits attendant thereto, the ratio of total average annual

benefits to annual public costs is 0.21_

c The bridge replacement costs do not include the costs associated with five bridges designated for reconstruc-

tion under the Commission's Vear 2000 transportation plan.

Source: SEWRPC.
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Map 70 (continued)

A major channelization alternative flood control
plan was prepared and evaluated to determine if
such a measure would provide a technically fea
sible and economically sound solution to the
flood problem along the Lower Pike River. Under
th is alternative, a total of about eight miles of
the Lower Pike River would be channelized. In
addition, 12 bridges wou Id be replaced to accom
modate the larger channel. While technically
feasible, th is alternative was fou nd to be econom i
cally unsound.
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Sorenson Creek with the Pike River, thus poten
tially abating only flood problems occurring down
stream. Therefore, a diversion channel would have
to be combined with additional flood control mea
sures to abate flood problems along the entire
Lower Pike River.

The first site is located just south of CTH A down
stream from the confluence of Sorenson Creek.
The proposed diversion channel would be approxi
mately 3,100 feet long and would be constructed
with a bottom width of approximately 30 feet and
side slopes of one on three west of the Chicago &
North Western Transportation Company, and
a bottom width of 50 feet and side slopes of one
on one east of the railroad. This alternative plan
element would also include replacement of the
Chicago & North Western Transportation Company
and STH 32 bridges to accommodate the diver
sion channel.

Assuming that this diversion channel alternative
would be fully implemented, and utilizing an
annual interest rate of 6 percent and a project life
and amortization period of 50 years, the average
annual cost is estimated at $145,000, consisting
of the amortization of the $2,293,000 capital cost
of channelization, land acquisition, and bridge
replacement, and $400 in annual operation and
maintenance cost of the channel. It should be
noted that this capital cost does not include acqui
sition of a right-of-way through the urbanized area
west of the Chicago & North Western Transporta
tion Company structure. The average annual flood
abatement benefit is estimated at about $27,700,
resulting in an excess of $117,300 in annual costs
over benefits and a benefit-cost ratio of 0.19.
Therefore, the diversion channel plan element, as
described herein, while technically feasible, would
not be economically sound.

A second potential site for construction of a diver
sion channel is located about one-quarter mile
downstream from the Chicago & North Western
Transportation Company crossing. This proposed
diversion channel would be approximately 850 feet
long and would be constructed with a bottom
width of approximately 50 feet and side slopes of
one on one.

Assuming that this diversion channel alternative
would be fully implemented, and utilizing an
annual interest rate of 6 percent and a project life
and.- amortization period of 50 years, the average
annual cost is estimated at $38,100, consisting of
the amortization of the $598,900 capital cost of
channelization and land acquisition, and $100 in
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annual operation and maintenance cost of the
channel. The average annual flood abatement bene
fit is estimated at about $8,900, resulting in an
excess of $29,200 in annual costs over benefits and
a benefit-cost ratio of 0.23. Therefore, this diver
sion channel alternative plan, as described herein,
while technically feasible, would not be economi
cally sound.

Structure Floodproofing and Elevation Alternative
A structure floodproofing, elevation, and removal
alternative flood control plan was analyzed to
determine if such a structure-by-structure approach
would be a technically and economically accept
able solution to the flood problem associated with
structures along the Lower Pike River. Flood dam
ages to crops would continue to occur under this
alternative and are considered to be an additional
cost associated with this alternative in the follow
ing economic analysis. For the purpose of this
analysis, the 100-year recurrence interval flood
stage under plan year 2000 land use conditions was
used to estimate the number of floodprone struc
tures to be floodproofed, elevated, or removed and
the approximate costs involved.

As shown on Map 72, the analysis indicated that
three structures may be expected to be located in
the primary flood hazard area, and no structures
are expected to be located in the secondary flood
hazard area. Of the three structures located in the
primary flood hazard area, one structure would
have to be elevated and two structures would have
to be floodproofed and none of the structures
would have to be removed under this alternative.
Future flood damage to private residences and
other structures along this reach would be vir
tually eliminated by these floodproofing measures.
Table 94 sets forth the number and type of struc
tures to be floodproofed and elevated and also
summarizes the estimated costs and benefits.

Assuming that these structure floodproofing mea
sures would be fully implemented, and utilizing
an annual interest rate of 6 percent and a project
life and amortization period of 50 years, the equi
valent average annual cost is estimated at about
$39,400 per year, consisting of the amortization
of the $43,000 capital cost-$23,000 for flood
proofing, $20,000 for structure elevation; and
$36,600 in average annual crop damage. The aver
age annual flood damage abatement benefit is
estimated at $9,100 per year, yielding a benefit
cost ratio of 0.23. Therefore, the structure flood~

proofing and elevation alternative plan, as described
herein, while technically feasible, would not be
economically sound.
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Diking Alternative
A diking alternative flood control plan was devel
oped and analyzed for the lands subject to flooding
by the Lower Pike River in order to determine if
such a structural measure would provide a techni
cally and economically sound solution to the exist
ing and anticipated flood problem. The 100-year
recurrence interval discharge under plan year 2000
land use conditions was used as the basis for the
design of this alternative.

The diking alternative flood control plan element
for the Lower Pike River is shown on Map 73,
while the physical characteristics and estimated
costs and benefits of this project are set forth in
Table 94. The assumed dike design is shown in
Figure 52. Under this alternative plan element,
a total of about 4.4 miles of earthen dikes would
be constructed along selected reaches averaging
from five to nine feet in height with a maximum
height of 11 feet.

In addition, culverts with backwater gates would
be installed through the dikes to prevent the
accumulation of lateral runoff behind the dikes,
the backup of floodwaters through the culvert, and
the attendant creation of local drainage problems.
Floodproofing of two structures and elevation of
one structure would also be required under this
alternative plan element.

This alternative plan element would also include
replacement of five bridges over the Lower Pike
River: 1) STH 32, Alford Park Drive; 2) STH 32,
Sheridan Road; 3) STH 32, S. 32nd Street;
4) CTH E, 12th Street; and 5) CTH Y, 22nd Avenue.
As noted above in the discussion of the major
channelization alternative, the replacement cost of
these five bridges, which were recommended for
replacement under the regional transportation
plan, was not included in the cost analysis of the
alternative flood control plan elements.

Assuming that the diking project would be fully
implemented, and utilizing an annual interest rate
of 6 percent and a project life and amortization
period of 50 years, the average annual cost is esti
mated at $142,000, consisting of the amortization
of the $2,049,000 capital cost of the dikes and
structure floodproofing, and $13,000 in annual
operation and maintenance cost of the dikes. The
average annual flood abatement benefit is esti
mated at about $45,700, resulting in an excess of
$96,300 in annual costs over benefits and a benefit
cost ratio of 0.32. The diking alternative plan, as
described herein, would be technically feasible,
but would not be economically sound.

Combination Onsite Storage, Detention
Storage Reservoir, and Diking Alternative
A combination onsite storage, detention storage
reservoir, and diking alternative was developed and
analyzed for the lands subject to flooding by the
Lower Pike River in order to determine if such
a flood control measure would provide a techni
cally and economically sound solution to the exist
ing and anticipated flood problem. This alternative
assumes the adoption of a policy similar to that
adopted by the Town of Mt. Pleasant, requiring
that onsite stormwater detention facilities be pro
vided as land is converted from rural to ,urban use
to prevent any increase in peak flood discharges
and corresponding stages resulting from such urban
ization up to the lOa-year recurrence interval event.

The onsite storage, detention storage reservoir, and
diking alternative flood control plan element for
the Lower Pike River is shown on Map 74, while
the physical characteristics and estimated costs and
benefits of this project are set forth in Table 94.
The assumed dike design is shown in Figure 52,
and the assumed reservoir outlet control structure
design is shown in Figure 57.

Under this alternative plan element, a detention
storage reservoir would be located immediately
upstream of CTH A within the University of
Wisconsin-Parkside property and would extend
upstream into Petrifying Springs Park, encompass
ing an area up to 150 acres. An earthen dam up to
15 feet higher than the CTH A road embankment
would be required to provide the necessary storage
capacity of the reservoir. A total of about 4.4 miles
of earthen dikes would be constructed along
selected reaches, averaging from four to seven feet
in height and reaching a maximum height of
nine feet. The assumed dike design is shown in
Figure 52. In addition, culverts with backwater
gates would be installed through the dikes to pre
vent the accumulation of lateral runoff behind
the dikes, the backup of floodwaters through
the culverts, and the attendant creation of local
drainage problems. This alternative plan element
would also include replacement of five bridges over
the Lower Pike River: 1) STH 32, Alford Park
Drive; 2) STH 32, Sheridan Road; 3) STH 32,
S. 32nd Street; 4) CTH E; and 5) CTH Y. As noted
above in the discussion of the major channeliza
tion alternative, however, the cost of these five
bridges, which were recommended for replacement
under the regional transportation plan, was not
included in the cost analysis of alternative flood'
control plan elements. Floodproofing of two struc
tures would also be required under this alternative
plan element.
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Map 71 (continued)

A diversion channel alternative flood control plan
was prepared and evaluated to determ ine if such
a measure would provide a technically feasible and
economically sound solution to the flood problem
along the Lower Pike River. Under this alternative,
two locations were selected as potential sites for
construction of diversion channels from the Pike
River to Lake Michigan. These diversion channels,
however, could as a practical matter be located
only downstream of the confluence with Sorenson
Creek, and would serve to abate only downstream
flood problems. Therefore, a diversion channel
would have to be combined with other flood
control measures to abate flood problems along
the entire Lower Pike River. While technically
feasible, this alternative was found to be econo
mically unsound.



Utilizing an annual interest rate of 6 percent and
an amortization period and project life of 50 years,
the average annual cost of the onsite storage,
detention storage reservoir, and diking alternative
is estimated at $381,000, consisting of the amorti
zation of the $4,805,000 capital cost of the onsite
detention storage, detention storage reservoir,
diking, and structure floodproofing; and $77,600
in annual operation and maintenance cost of the
onsite storage facilities and dikes. Although onsite
detention storage facilities could be provided by
the land developer at no cost to the Towns of
Somers and Mt. Pleasant, the estimated capital cost
of these facilities-$2,916,000-and the estimated
annual operation and maintenance cost of $64,800
are properly included in any economic analysis of
this alternative when evaluating major flood con
trol alternatives on an areawide basis. The average
annual flood abatement benefit is estimated at
$45.700, resulting in an excess of $335,000 in
annual costs over benefits and a benefit-cost ratio
of 0.12. On the basis of these findings, it should
not be concluded that onsite storage is unecono
mical in every case. In this respect it should be
recognized that onsite storage may permit the size
and length of local storm water drainage facilities
to be reduced with attendant cost reductions. The
viability of onsite storage in this respect should
be evaluated on a site specific basis. Excluding
the costs for onsite storage, the ratio of total
average annual benefits to public costs is still
only 0.21. The onsite storage, detention storage
reservoir, and diking alternative plan element,
as described herein, while technically feasible, is
not economically sound.

ALTERNATIVE FLOODLAND
MANAGEMENT PLAN ELEMENTS
FOR THE PIKE RIVER ESTUARY

The Flood Problem
In addition to the flooding along the Pike River
estuary caused by runoff from the Pike River
watershed, flooding has also been caused along the
estuary by phenomena associated with Lake Michi
gan. The first of these phenomena, and perhaps the
most significant, is the damming of the mouth of
the Pike River by littoral drift in Lake Michigan.
During storms on Lake Michigan when onshore
winds prevail, littoral drift rates increase landward
of the surf zone and the mouth of the river can be
dammed by the formation of a foreshore berm.
Littoral drift is the longshore transport of shoreline
deposits suspended by the action of breaking waves
and translated by currents generated by waves
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breaking not parallel to the shoreline. The height
of the berm is approximately equal to the eleva
tion reached by wave runup, which is a function
primarily of wave energy, depth, and beach slope
and roughness.

Because wave runup is dependent on the energy of
breaking waves, the larger the waves the higher the
elevation of the resulting berm. Berms as high as
six feet above the normal water level of the Pike
River have been observed following severe north
easterly storms on the lake. Subsequent to berm
formation, the water level in the Pike River estuary
begins to rise and continues to do so until either
hydrostatic pressure from the river pushes the
berm into the lake, or until the river starts to flow
over the crest of the berm, at which time rapid
scouring of the sand and gravel deposits occurs
with attendant rapid declines in water levels in the
estuary. Photographs of such a breached berm
about six feet tall are presented in Figure 60.

A second lake-related phenomenon causing flood
ing along the estuary, of lesser importance than
the damming of the mouth, is storm induced water
level fluctuation in Lake Michigan. Maximum
instantaneous open-coast water levels occur during
periods when annual lake levels are high and over
lake storms occur. Such storms cause wind setup
that is a rise in lake level-along the lake shore and
initiate the east-west seiche which generally has
larger amplitudes on Lake Michigan at Kenosha
than north-south seiches. Storm surges-a some
what similar phenomena-are water level fluctua
tions associated with sharp declines in barometric
pressure over the lake. In April 1973, a storm
surge increased water levels in Kenosha Harbor
about five feet, to an elevation of about 585.5 feet
NGVD. Focusing effects of the harbor geometry
may have contributed to the large change in water
level. However, it may be assumed that water level
increases in the Pike River estuary during that
storm were of a similar magnitude. Annual maxi
mum storm-induced water surface elevation changes
for Lake Michigan at Milwaukee typically range
from about 0.5 to 1.5 feet, based on records avail
able for that location since 1906. Three storm
events ranging from about 2.0 to 2.5 feet occurred
in Milwaukee in April 1909, March 1954, and
April 1966.

Water levels in the Pike River estuary are increased
during Lake Michigan storms, the extent of the
water level increase also being affected by the
magnitude of watershed runoff flowing into the
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Figure 60

PHOTOGRAPHS OF A BREACHED BERM AT THE MOUTH OF THE PIKE RIVER IN JANUARY 1982

DOWNSTREAM SIDE

Source: SEWRPC.

estuary during the storm events. Harmonic ampli
fication of lake levels within the estuary associated
with seiching is unlikely because the natural period
of resonance for the Pike River estuary-approxi
mately 0.5 hour-is much smaller than the east-west
seiche period for Lake Michigan-approximately
2.8 hours.

Interviews with City of Kenosha and Carthage
College officials and a lifelong resident and
observer of Lake Michigan and the Pike River
estuary, Mr. Chester P. Wojnicz, indicate that
seiching may cause minor flooding a few times
each year when annual lake levels are high, but
more severe lake-induced flooding problems occur
when a berm blocks the mouth of the river during
high watershed runoff events. Such a situation
reportedly caused the highest flood stages in
memory in the estuary in April of 1973. Flooding
caused by the formation of a berm inundates the
southbound lane of STH 32 near the south
entrance to Carthage College-reportedly about
three times each year-the campus athletic fields
and parking areas, and the lowest floor of the
campus fieldhouse. Water surface elevations at
these locations approximate the 50-year flood
stage for unobstructed flow conditions and are
about one foot lower than the 100-year stage for
existing land use conditions. It is estimated that
when average annual lake levels are normal, flood
stages within the estuary will range up to 585 or
586 feet NGVD a few times each year due to bar
formation at the mouth. During extreme storm

UPSTREAM SIDE

Source: SEWRPC.

conditions and high annual lake levels, it is esti
mated that a bar crest elevation of about 588 feet
might occur with a similar associated water surface
elevation in the estuary. In August 1980 sudden
breaching of the berm by the river caused the
drowning deaths of two people who were swept
into Lake Michigan from the beach at the mouth
of the Pike River. A similar incident also occurred
causing a drowning death in July 1968.

Under existing conditions, estimated direct mone
tary flood damages of about $89,700 during a
100-year recurrence interval flood event, and about
$6,400 during a 10-year recurrence interval event
are not expected to be increased significantly due
to the lake-associated phenomena over the damages
attributable solely to watershed runoff. Average
annual damages are estimated to total about
$11 ,200 under both existing and plan year 2000
conditions. About $7,400 of the average annual
flood damage is estimated to be attributable to
backwater from the berm at the mouth of the
Pike River.

It should be noted that flooding due to lake-related
phenomena is a relatively recent development,
according to reports by longtime residents of the
City of Kenosha. Reportedly, no significant prob
lems existed until the Alford Park groin field was
constructed under a federal Works Project Admin
istration program in the 1930's. At that time the
Pike River discharged to the lake through three
mouths across a very narrow beach. Following
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Map 72 (continued)

A structure floodproofing and elevation alternative
flood control plan was prepared and evaluated to
determine if such a measure would provide a tech
nically feasible and economically sound solution
to the flood problem along the Lower Pike River.
Under this alternative, two structures would have
to be floodproofed and one structure would have
to be elevated. While technically feasible, this
alternative was found to be economically unsound.

451



Table 95

PRINCIPAL FEATURES, COSTS, AND BENEFITS OF FLOODLAND
MANAGEMENT ALTERNATIVES FOR THE PIKE RIVER ESTUARY

Economic Analysis
a

-

f---,,-_---,-A'_'''_""_flv::-'-,--,--------1 Technically f--,---_Ca'-Pit,.'-,-Co,--st_.,.,--j
Name Description Feasible Item (thousands)

No action

Dredging Dredging of berms
about six times
per year

V"

V" Dredging

$ --

Annual Annual
Amortized Operation and Total

Capital Maintenance Annual

Cost Cost Cost
(thousands) (thousands) (thousands)

$ -- $ -- $- -

7.0 7.0

Annual
Benefits

(thousands)

7.4

Excess
of Annual
Benefits
Over Cost

(thousands)

$ --

0.4

Benefit

Cost
Benefit- Ratio

Cost Greater
Ratio Than 1.0

No

1.06

Nontechnical and
Noneconomic
Considerations

Positive Negative

A continuous monitoring
and surveillance program
would be required at
the mouth of the river
in order to determine
when dredging would
be required

Jetty a. Construction of V" Jetties 95.0 6.0 1.1 7.1 7.4 0.3
construction two parallel jetties Dredging

b. Dredging between
jetties once Subtotal 95.0
per year

aEconomic analyses are based on an annual interest rate of 6 percent and a 50-year amortization period and project life.

b The total annual cost for this alternative consists of the average annual monetary flood damages.

Source: SEWRPC,

1.04 Yes

construction of the groin field, the beach gradually
widened. At the present time the beach is about
200 feet wide, and two of the three original
mouths have been permanently filled in by littoral
drift, with the third and last mouth of the river
experiencing periodic deposition and scour as
described previously.

Two alternative measures were developed and
evaluated to abate the flood problems caused
primarily by the lake-related phenomenon-the
formation of a berm at the outlet of the river. One
of these alternatives consists of periodic removal of
the berms by dredging. The other alternative
consists of the construction of jetties to avoid
formation of the berm at the river mouth.

Dredging Alternative
As already noted, an alternative flood control
measure, consisting of dredging, was developed and
analyzed to determine if such a measure would
provide a technically and economically sound
solution to the existing and anticipated future
flood problems caused along the estuary by the
most significant lake associated phenomenon. This
alternative assumes the periodic dredging of the
berms formed at the mouth of the river when those
berms reach a height of approximately four feet.
Berms over four feet in height may be expected
to form at the mouth of the river on the average
of about six times per year. Berms of this size
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can cause significant flooding problems along the
estuary--depending upon the annual and seasonal
levels of Lake Michigan-whereas, smaller berms
may be expected to be washed out by the river
before flood stages are reached. These berms form
during storms on Lake Michigan and should be
removed immediately following each large storm to
prevent river back-up and associated flooding. This
alternative assumes removal of these deposits six
times per year by dragline or other suitable heavy
duty excavation equipment. This alternative would
require continued monitoring and surveillance at
the mouth of the River in order to determine when
dredging would be required.

The costs and benefits of this alternative plan ele
lent are set forth in Table 95. The average annual
cost of the dredging alternative is estimated at
$7,000, consisting entirely of removing deposits
six times per year by dragline or other suitable,
heavy-duty excavation equipment. The average
annual flood abatement benefit is estimated at
$7,400, resulting in an excess of benefits over costs
of $400, and a cost benefit ratio of 1.06. There
fore, the dredging alternative plan, as described
herein, is considered both technically feasible and
economically sound.

Jetty Construction Alternative
A second alternative flood control measure, con
sisting of the construction of jetties, was developed
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SKETCH OF PROPOSED JETTIES
AT THE MOUTH OF THE PIKE RIVER

and analyzed to determine if such a measure would
provide a technically and economically sound solu
tion to the existing and anticipated future flood
problems caused along the estuary by the most
significant lake associated phenomenon. This alter
native assumes the construction of jetties at the
mouth to inhibit berm formation. Two parallel
sheet-pile jetties extending about 50 feet into the
lake and about 150 feet back into the beach, and
120 feet apart would be constructed under this
alternative. Figure 61 presents a sketch of the jetty
arrangement. The final design of the jetties should
be made by a qualified coastal engineer and should
be based upon a surveyed lakebed profile, and
upon a design wave of appropriate recurrence inter
val and associated breaker depth, breaker energy,
and wave runup. Seasonal and annual variation in
lake level and storm set-up must also be taken into
consideration in determining the jetty design. The
jetties in the foreshore area should be higher than
the design wave runup elevation to inhibit berm
formation within the design channel. The top of
the jetties could be much lower landward and lake
ward from this location to minimize costs and
potential for wave and ice damage. Under this
alternative, dredging would be required once per
year to remove accumulated sediments in the
channel between the jetties.

The costs and benefits of this alternative plan
element are set forth in Table 95. Using an annual
interest rate of 6 percent and an amortization
period and project life of 50 years, the average
annual cost of the jetty construction alternative is
estimated at $7,100, consisting of amortization of
the $95,000 estimated capital cost for the jetty
construction, and $1,100 in annual operation and
maintenance cost for annual dredging. The average
annual flood abatement benefit is estimated at
$7.400, resulting in an excess of benefits over costs
of $300, and a cost benefit ratio of 1.04. There
fore, the jetty construction alternative plan, as
described herein, is considered to be both tech
nically feasible and economically sound.

I
I
I
I
I
I
I

CONCLUDING STATEMENT

To enable the required analysis of alternative
floodland management measures for the Pike
River watershed, it was necessary to first consider
the flood problems and possible solutions to those
problems associated with smaller individual por
tions of the watershed. Therefore, the watershed
was subdivided into the following 12 smaller drain
age units for preliminary analysis purposes:

1) Bartlett Branch, 2) Waxdale Creek and the
tributary to Waxdale Creek, 3) Chicory Creek,
4) Lamparek Ditch, 5) Somers Branch, 6) Air
port Branch and the tributary to Airport Branch,
7) Nelson Creek, 8) Sorenson Creek, 9) Kenosha
Branch, 10) Pike Creek, 11) Upper Pike River, and
12) Lower Pike River. In addition, an individual
analysis of flooding problems and possible solu
tions to those problems was completed for the Pike
River estuary.
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A diking alternative flood control plan was pre
pared and evaluated to determ ine if such a measure
would provide a technically feasible and economi
cally sound solution to the flood problem along
the Lower Pike River. Under this alternative,
a total of about 4.4 miles of earthen dikes would
be constructed along selected reaches of the Pike
River. In addition, two structures would have to
be floodproofed and one structure would have to
be elevated. While technically feasible, this alterna
tive was found to be economically unsound.

Map 73 (continued)

GRAPHIC SCALE

Source: SEWRPC.
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Six different structural flood control measures
bridge or culvert replacement, channel modifica
tion, dikes, detention reservoirs, onsite storage, and
floodwater diversion-and one nonstructural mea
sure-structure floodproofing, elevation, and
removal-and combinations thereof, were exa
mined as possible solutions to the flood problems
that exist along the Pike River and its tributaries.
In addition, a seventh alternative, that of taking
no action, is available to the public agencies con
cerned, and the flood damages attendant to this
alternative provide an important basis for analysis
of the potential benefits associated with each of
the other alternatives.

The principal features of, and the cost and bene
fits associated with, each of the floodland man
agement alternatives are summarized in Table 85
through Table 94, together with the major favor
able and unfavorable nontechnical and noneco
nomic considerations likely to influence selection
of the most desirable solution. Excluding the
"no action" approach, all of the above structural
and nonstructural alternatives were found to be
technically feasible; however, not all were found
to be economically sound. Several alternatives,
although not sound economically, were found to
have sufficient intangible benefits to be maintained
as viable alternatives.

Even though structure floodproofing, elevation,
and removal constitutes a technically feasible and
economically sound floodland management alter
native for certain stream reaches in the Pike River
watershed, successful implementation of this flood
control measure may be difficult for several impor
tant reasons. First, complete implementation of
a voluntary structure floodproofing and elevation
program is unlikely and, with partial implementa
tion, the respective public agency concerned would
be left with a significant residual problem when
ever a major flood event occurs. Assuming that
numerous individual property owners incur the
necessary cost to implement floodproofing and
further assuming that the floodproofing devices are
adequately maintained, community officials may
still be faced with the problem of reducing the
flood threat to those structures that have not been
voluntarily floodproofed. Furthermore, yard dam
ages and cleanup costs remain with the structure
floodproofing, elevation, and removal alternative,
and sanitary and storm sewers would continue to
experience surcharging. Also, some floodproofing
is very likely to be applied without adequate profes
sional advice. As a result, structure damage is likely
to occur, and once again public agencies are likely
to be asked to assist in resolution of the problem.
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Although channel modification may constitute
a technically feasible and economically sound
flood control measure for certain stream reaches in
the Pike River watershed, there exist two negative
aspects of this flood control measure which must
be considered when selecting the most favorable
floodland management alternative for a particu
lar stream reach. Major channelization may have
a severe negative aesthetic impact, and may destroy
the aquatic life and wildlife habitat provided by
a natural water course. Channel enlargement may
result in increased peak flood discharges down
stream, possibly creating a need for additional
flood control measures.

The construction of dikes also may have a negative
aesthetic impact, particularly if this flood control
measure is used in an urbanized area. Construction
of dikes directly adjacent to a stream may also
increase downstream peak flood discharges by
eliminating floodwater storage.

Detention reservoirs are the only structural flood
control measures which have the potential for pro
viding significant intangible benefits. Such reser
voirs can provide public open space for recreational
uses and can assist in preserving natural areas.

After due consideration of the various technical
and economic features and other intangible aspects
of the alternative floodland management measures
considered for the 12 individual subareas of the
watershed and for the Pike River estuary, a pre
liminary recommendation of the most favorable
alternative for each flood-damage prone reach of
the watershed was made. It should be noted that
the selection of recommended plans from among
the alternatives considered was based upon consid
eration of probable future, as well as existing, land
use conditions. Consideration of the effects upon
design flood flows of implementation of a system
of recommended flood control measures in the
watershed was not as yet considered. Therefore,
more refined recommendations based upon the
implementation of a set of recommended flood
control measures throughout the watershed are
presented in Chapter XIV of this report.

The preliminary recommended flood control mea
sures for the Pike River and its tributaries, and for
the Pike River estuary, are presented in Table 96. It
should be noted that certain alternatives, although
not economically sound, were deemed by the
watershed committee to possess sufficient intan
gible benefits to warrant recommendation. In this
respect it should also be noted that the benefit
component of the benefit-cost ratios herein pre-
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Table 96

PRELIMINARY RECOMMENDED FLOOD CONTROL ALTERNATIVES FOR THE PIKE RIVER WATERSHED

Number of Description of Reasons for
Stream Reach Alternative Alternative Recommendation

Bartlett Branch 7 Onsite detention storage, dike, Most cost-effective, minimal
and structure floodproofing, construction requ ired
and elevation

Waxdale Creek and 1 No action-except floodland Minor monetary crop
Tributary to zoning and channel damages, no economically
Waxdale Creek maintenance sound alternative

Chicory Creek 1 No action-except floodland Minor monetary crop
zoning and channel damages, no economically
maintenance sound alternative

Lamparek Ditch -- No action-except floodland No flood damages
zoning and channel
maintenance

Somers Branch
Downstream of 1 No action-except floodland Minor monetary

CTH EA zoning and channel crop damages
maintenance

Somers Branch
Upstream of 6 Structure floodproofing Most cost-effective

Milwaukee Road and elevation alternative
A irport Branch and 2 Culvert modification and Least costly

Tributary to major channelization
Airport Branch

Nelson Creek 1 No action-except floodland Minor monetary crop
zoning and channel damages, no economically
maintenance sound alternative

Sorenson Creek
CTH KR Upstream to the 1 No action--except floodland Only minor monetary

Abandoned North Shore zoning and channel residential structure
Railway Right-of-Way maintenance damages

Sorenson Creek
Chicory Road Upstream 6 Culvert replacement Most practicable
to Pleasant Lane

Sorenson Creek
Taylor Avenue Upstream 10 No action-except floodland Only minor monetary

to Meacham Road zoning and channel maintenance residential structure damages
Kenosha Branch .- No action-except floodland No flood damages

zoning and channel
maintenance

Pike Creek 2 Channel enlargement Most cost-effective,
most practicable

Upper Pike River 3 Onsite detention storage Most practicable
and channel enlargement

Lower Pike River 5 and 6 Diking and structure Least costlya
floodproofing

Pike River Estuary 2 Jetty construction Reliability

NOTE: Onsite storage has been included in the recommended alternatives for those stream reaches located in the Town of Mt. Pleasant because
of the Town's policy in this regard. In other areas of the watershed, such onsite storage has not been included in the recommended
alternatives. It is recommended that onsite storage in these areas be considered only on a site specific basis to determine if the costs of
such storage would be offset by reduced costs of local storm water drainage systems.

aThe dikes would be designed to contain a flood having a recurrence interval of up to and including five years.

Source: SEWRPC.

457





GRAPHIC SCAL.E

Source: SEWRPC.

O~H~E'li5'O~O~"""'~~55~120.0FEET

Map 74 (continued)

A combination on site storage, detention storage
reservoir, and diking alternative flood control plan
was prepared and evaluated to determine if such
a measure would provide a technically feasible and
economically sound solution to the flood problem
along the Lower Pike River. Under this alternative,
a detention storage reservoir would be located
immediately upstream of CTH A within the Uni
versity of Wisconsin-Parkside property and would
extend upstream into· Petrifying Springs Park,
encompassing an area up to 150 acres. In addition,
4.4 miles of earthen dikes would be constructed
along selected reaches of the Pike River, five
bridges would be replaced, and two structures
would be floodproofed under this alternative.
Onsite storage would also be provided as land is
converted from rural to urban use. While techni
cally feasible, this alternative was found to be
economically unsound.
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sented are somewhat understated, being based
solely upon the avoidance of the direct monetary
expenditures required to restore flood-damaged
property to preflood condition. Such expenditures
include expenditures for cleaning, repairing and
replacing residential, commercial, and industrial
buildings and contents and other objects and mate
rials located outside the buildings on the affected
property. Such expenditures also include expen
ditures for cleaning, repairing, and replacing roads
and bridges, storm water drainage systems, sanitary
sewer systems, and other utility systems, as well as
the cost of restoring damaged park and recreational
lands. The benefits do not include expenditures
such as expenditures for flood fighting, evacua
tion, and provision of emergency services; nor the
indirect monetary losses entailed in lost wages, lost
production, and lost sales; nor the increased high
way and railroad transportation costs entailed in
flood-caused detours. Such indirect costs, while
difficult to estimate with accuracy, constitute
a real monetary burden on the economy of an area.
Similarly, the benefit-cost analyses herein presented
do not reflect the avoidance of intangible costs
associated with flood-associated health hazards,
property value depreciation, and the general dis
ruption of normal community activities. Intangible
losses and risks also include the severe psychologi
cal stress experienced by owners or occupants of
structures in flood-prone areas.

Benefit-cost analysis properly represents but one
of many considerations in any determination to
proceed with a public flood control project. There
may be situations in which an affected local com
munity may subjectively, but strongly, favor an
alternative plan that has an objectively determined
benefit-cost ratio of less than one; or conversely,
may strongly oppose an alternative with a benefit
cost ratio of greater than one. Such determinations
may be entirely proper if based upon careful delib
eration concerning other than purely economic
objectives by the responsible public governing
bodies concerned.

BRIDGE AND CULVERT
ALTERATION OR REPLACEMENT
FOR TRANSPORTATION PURPOSES

Bridges and culverts that are inadequately designed
from a hydraulic perspective can significantly
increase flood stages and areas of inundation, and
may be subject to closure during major flood
events, thereby adversely affecting the operation of
the highway transportation system. The approach
used to identify flood-prone reaches of the water-
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shed included a search for bridges that may cause
or aggravate existing flood problems. The purpose
of this section of the chapter is to identify those
bridges and culverts that may be expected, by
virtue of inadequate hydraulic capacity and over
topping of the approach roads or the structure,
to interfere with the operation of the highway
and railroad transportation systems during major
flood events.

The watershed development objectives and sup
porting principles and standards set forth in Chap
ter X specify that bridges shall accommodate,
according to the categories listed below, the desig
nated flood events without overtopping of the
related roadway or railroad track and without the
resultant disruption of traffic by floodwaters. The
categories and designated flood events are:

1. Minor and collector streets, used or intended
to be used primarily for access to abutting
properties-a 10-year recurrence interval
flood discharge.

2. Arterial streets and highways, other than
freeways and expressways, used or intended
to be used primarily to carry heavy volumes
of fast, through traffic-a 50-year recurrence
interval flood discharge.

3. Freeways, expressways, and railroads-a 100
year recurrence interval flood discharge.

It is evident that the severity of the flood recom
mended to be passed by a bridge or culvert without
overtopping increases in proportion to the impor
tance of the crossing in the regional transportation
system. The relative importance, or functional clas
sification, of each roadway stream crossing-that is,
the classification as a minor land access and col
lector street, arterial street and highway, and as
a freeway and expressway-is established in the
adopted design year 2000 regional transportation
system plan. The bridge standards are intended to
assure that a sufficient number of critical river
crossings will remain passable during major flood
events so that the regional highway and railroad
transportation systems can function properly.

Information contained within the hydrologic
hydraulic summary tables set forth in Appendices
D, E, and F in combination with the bridge stan
dards was used to identify the existing bridges and
culverts in the watershed that have substandard
capacity during major flood events. As set forth in
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Table 97

STREAM CROSSINGS IN THE PIKE RIVER WATERSHED HAVING SUBSTANDARD HYDRAULIC CAPACITIES

Recommended
Hydraulic Inadequacy

Structure Identificationa Design Approach Bridge
Frequency Road Deck

Stream Numberb Name River Mile Civil Division (years) Overtopped Overtopped

Pike River 145 Lathrop Avenue 4.79 Town of Somers 50 X
270 CTH KR/County Line Road 11.15 Towns of Somers and 50 X

Mt. Pleasant
275 Braun Road 12.23 Town of Mt. Pleasant 50 X X
2B5 STH ll/Durand Avenue 13.29 Town of Mt. Pleasant 50 X
295 Oakes Road 14.51 Town of Mt. Pleasant 10 X X

Pike Creek 500 STH 31/Green Bay Road 0.09 Town of Somers 50 X X
520 Town of Somers Transfer 3.17 Town of Somers 10 X X

Station Road
550 STH 142/S. 43rd Street 4.86 Town of Somers 50 X
565 CTH K/60th Street 6.45 Towns of Somers and 50 X X

Pleasant Prairie
570 Chicago, Milwaukee, St. Paul & 6.85 Town of Pleasant Prairie 100 X X

Pacific Railroad Company

Bartlett Branch 340 Stuart Road 0.53 Town of Mt. Pleasant 50 X X
350 Clinton Lane extended 0.79 Town of Mt. Pleasant 10 X X

Tributary to 425 90th Street 1.24 Village of Sturtevant 50 X X
Waxdale Creek 430 CTH H/Wisconsin Street 1.89 Vi lIage of Stu rtevant 50 X X

Nelson Creek 1120 Lathrop Avenue 0.55 Town of Somers 50 X X
1125 Lathrop Avenue 0.62 Town of Somers 50 X X

Sorenson Creek 1010 CTH KR/County Line Road 1.56 Towns of Somers and 50 X X
Mt. Pleasant

1035 Chicory Road 2.93 Town of Mt. Pleasant 50 X X
1045 Pleasant Lane 3.15 Town of Mt. Pleasant 10 X X

Kenosha Branch 1200 20th Avenue 0.76 Town of Somers 50 X X
1215 CTH Y 122nd Avenue 0.90 Town of Somers 50 X X

aThis table identifies public bridges and culverts which, when considered in conjunction with their approach roadways, have substandard hydraulic capacities under
plan year 2000 land use and existing channel conditions according to the water control facility standards set forth in Chapter X.

bBridges and culverts are identified by structure number and are located on Map 29, Chapter V.

Source: SEWRPC.

Table 97, 21 bridges and culverts may be expected
to have substandard hydraUlic characteristics under
plan year 2000 land use and existing channel con
ditions. It is recommended that, when these
bridges are modified or replaced by local or state
highway agencies or by railroads as a part of
highway and railroad improvement programs, the
crossings be designed to provide adequate hydrau
lic capacity in accordance with recommended
standards. Of the total number of substandard
bridges and culverts, 20 are located on arterial
streets and highways other than freeways and
expressways where the 50-year recurrence inter
val standard is applicable; and one is located on
a railroad where the 100-year recurrence interval
standard is applicable.

The location and design of all new bridges and
culverts, as well as the design of replacements
of, or modifications to, existing bridges or culverts,
should be based upon the applicable objectives and
standards as set forth in Chapter X of this report.
Of particular importance is the standard which
requires that all new or replacement bridges and
culverts be designed so as to accommodate the
100-year recurrence interval peak flood discharge
under plan year 2000 land use conditions with
out raising the corresponding peak flood stage
by more than 0.1 foot for the 100-year recurrence
interval flood, as such stage is established in the
adopted comprehensive watershed plan. This pro
vision is intended to ensure that the new, modi
fied, or replacement river crossings, including
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their approaches, will not aggravate existing flood
problems, create new flood hazards, or unnec
essarily complicate the administration of flood
land regulations.

RECOMMENDED NONSTRUCTURAL
FLOODLAND MAN AGEMENT MEASURES

Of the 11 available nonstructural floodland man
agement measures set forth in Table 83 and dis
cussed earlier in this chapter, two have been
considered as specific alternatives for abatement
of flood damages in the Pike River watershed. An
additional three are particularly effective for mini
mizing aggravation of existing problems and for
preventing development of future flood hazards.
The six remaining nonstructural measures, when
used in combination, have the potential to avoid
the aggravation of existing flood problems, mini
mize the development of future flood hazards, and
help to alleviate monetary flood losses incurred
by owners of existing flood-prone property, and
may substantially reduce the threat to life and
health of residents of flood-prone areas. The rec
ommended application of the three primary
nonstructural floodland management measures
reservation of open floodlands for recreational and
related open space uses, floodland use regulation,
and channel maintenance-and the six secondary
measures, are described below.

Primary Measures
Reservation of Floodland for Recreation and
Related Open Space Uses: The land use plan
element of the watershed plan recommends, as
described in Chapter XI, the continued preserva
tion in essentially natural open uses of 1.9 square
miles of primary environmental corridor and 0.9
miles of secondary environmental corridor in
the Pike River watershed. These corridor lands
follow the alignment of the Pike River and encom
pass most of the floodlands along the main stem.
Maintenance of existing public or private out
door recreation and related open space lands and
reservation-by public or private ownership, or
by easement-of additional lands for these pur
poses constitute important means of implementing
the recommended watershed plan. It is accordingly
recommended that the use of floodland areas for
outdoor recreation and related open space activi
ties be encouraged not only to implement the
recommended land use plan, but also to mini
mize the aggravation of existing flood problems
and the development of new flood problems in
the watershed.
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The Wisconsin Floodplain Management Program:
The State Statutes require that all counties, cities,
and villages with existing or potential flood hazards
adopt reasonable and effective floodland 'regula
tions in accordance with the floodplain manage
ment program administered by the Wisconsin
Department of Natural Resources. Of the com
munities in the watershed, all but the Village
of Elmwood Park contain some existing or poten
tial flood hazard areas. All of these communities
have adopted floodland or floodland-related
regulations such as wetland, conservancy, or
floodplain zoning to protect the floodlands of the
Pike River watershed from further encroachment
by flood-prone rural and urban land uses. All of
these zoning ordinances have been approved or
were in mid-1982 in the process of approval by the
Wisconsin Department of Natural Resources. It is
recommended that, in order to conserve the
floodwater storage and conveyance capacity .of the
existing floodlands, abate future flood hazards and
monetary flood damages, reduce the existing
hazards to human health and safety caused by
unwise occupation of the floodlands, and reduce
the expenditures of public funds to secure the
health and safety of floodland residents during
periods of flooding, the required floodland and
floodland-related land use regulations, while
designed to accommodate the existing develop
ment, be designed to preserve the floodwater
conveyance and storage capacity of the floodlands.
Floodways should not be delineated and the entire
floodplains should be preserved in essentially
natural open uses. Only where existing develop
ment may warrant should floodways be delineated
and any filling and further development of the
floodplain fringe area be permitted.

Channel Maintenance: As discussed earlier in this
chapter, channel maintenance consisting of periodic
removal of sediment deposits, heavy vegetation,
and debris, is necessary to: 1) maintain the inte
grity of the flood stage profiles developed under
the watershed planning program; 2) maintain the
channel invert below the invert of existing and
planned storm water outfalls to allow such out
falls to function properly, and 3) reduce the prob
ability that buoyant objects and debris will be
carried downstream by floodwaters and accumu
late at bridges and culvert inlets, thereby reducing
the conveyance capacity of the bridges and cul
verts. It is recommended that the operations of the
responsible governmental units and agencies be
designed to routinely include the conduct of such
channel maintenance.



Secondary Measures
Federal Flood Insurance: While the federal flood
insurance program does not solve flood problems
or mitigate flood damages, it does provide a means
for distributing monetary flood losses in the form
of an annual flood insurance premium and, in those
situations where the insurance premiums are sub
sidized, the federal flood insurance program also
provides a way of reducing monetary flood losses
to the owner. It is, therefore, in the best interest of
the communities in the Pike River watershed to
participate in the federal flood insurance program.

While the ultimate decision to purchase flood
insurance remains with the individual property
owners, initiative to establish the program within
a particular community must be taken by the
municipality having jurisdiction over zoning and
building codes. The municipality must file a formal
request with the Federal Emergency Management
Agency for consideration for participation in the
flood insurance program, including in its applica
tion an account of the historic flood problems
in the community and a map of the community
on which are delineated those flood-prone areas
for which insurance is desired. Such application
must also include copies of adopted floodland
regulations or other adopted measures intended
to prevent or reduce future flood damages. The
community or unit of government must also sub
mit assurances of future compliance with sound
floodland management practices, including resolu
tions indicating that flood problems will be con
tinuously monitored and that such problems will
be considered in all official actions affecting
floodland use.

Based on the hydrologic-hydraulic analyses con
ducted under the watershed study, existing or
potential flood problems have been identified in
the watershed portions of the Village of Sturte
vant, the Cities of Racine and Kenosha, and the
unincorporated areas of Racine and Kenosha
Counties. All of these communities have elected to
participate in the federal flood insurance pro
gram. Insurance rate studies have been completed
for the City of Racine, the Village of Sturtevant,
and Kenosha and Racine Counties, with the study
for the City of Kenosha expected to be completed
by the end of 1982. The remaining community in
the watershed, the Village of Elmwood Park, has
been given a no flood hazard status under the
federal flood insurance program.

The analyses conducted under the Pike River
watershed planning program were more com
plete and detailed than those conducted under
federal· flood insurance studies because of the
availability of large-scale topographic mapping
over the entire watershed. Therefore, it is recom
mended that the hydrologic-hydraulic data gen
erated under the watershed planning program be
used to update and amend the flood insurance
studies where appropriate.

Lending Institution Policies: As a result of the
federal flood insurance program, private lending
institutions in the southeastern Wisconsin area
have generally assumed the responsibility.for deter
mining whether or not a property is in a flood
prone area and, if so, whether it requires the
purchase of flood insurance before granting a mort
gage for a structure on the property. It is recom
mended that lending institutions continue to deter
mine the flood-prone status of properties prior to
the granting of a mortgage, irrespective of the
requirements of the federal flood insurance pro
gram, and that the principal source of flood hazard
information within the Pike River watershed be
that developed under the watershed planning pro
gram and available through the Regional Plan
ning Commission.

Realtor Policies: An executive order by the Gover
nor of Wisconsin in 1973 strongly urges that real
estate brokers, salesmen, and their agents inform
potential purchasers of property of any flood
hazards which may exist at the site. It is strongly
recommended that this program be continued
inasmuch as the purchaser of property, particularly
a potential buyer of a residence or of a lot for
construction of a residence, is not likely to be
aware of the threat to life and property posed by
an event as rare as a major flood.

Community Utility Policies: As discussed earlier in
this chapter, local communities may adopt policies
relating to the extension of certain public utilities
and facilities such as sanitary sewers, watermains,
and streets in recognition of the likely influence of
the location and size or capacity of such utilities
and facilities on the location of new urban devel
opment. It is recommended that the policies of
governmental units and agencies having respon
sibility for such utilities and facilities within the
Pike River watershed be formulated so that the
size, location, and use of those utilities and facili
ties be consistent with the flood-prone status of
riverine areas. More particularly, it is recommended

463



that these utility and facility policies be designed
to complement the floodland regulation recom
mendations for the Pike River watershed.

Land Use Controls Outside the Floodlands: As
described in Chapter XI, about 15 square miles of
open land throughout the watershed are proposed
for development under the land use plan. In pre
paring plans for the development of these areas and
for the redevelopment of local areas, it is recom
mended that the potential hydrologic impact of
the proposed development or redevelopment be
considered in addition to the relationship of such
development and redevelopment to soil capabili
ties, long-established and planned utility systems,
and the natural resource base. The alternatives set
forth in this chapter are designed to accommodate
the plan year 2000 urban development as set forth
in the regional land use plans. Development beyond
that recommended in the land use plan has not
been considered and, thus, onsite storage flood
control measures would be needed to accommo
date such development.

Emergency Programs: An emergency program to
minimize the damage and disruption associated
with flooding normally consists of a variety of
devices and techniques that are tailored to the
flood hazard characteristics of individual com
munities. It is particularly pertinent to note that
historic data and simulation results indicate that
the urban portions of the Pike River watershed
are classified as being hydrologically and hydrau
lically "flashy" in that major flood events are
likely to be caused by intense rainfall events that
are unpredictable as to location and time of
occurrence, and that there may be only an hour
of elapsed time between the initial rise of flood
waters and the occurrence of peak stages. It there
fore follows that it is not practicable to establish
a system to predict the location, magnitude, and
time of occurrence of peak flood stages. In addi
tion, these studies indicate that peak flood dis
charges within the urbanized areas of the Pike
River watershed for selected recurrence intervals
may be expected to be several times larger than
those that would occur in the rural areas of similar
size, soils, and topography. It is recommended,
therefore, that each watershed community where
major flooding occurs develop procedures to
provide floodland residents and other property
owners with information about the location and
extent of the flood hazard areas so that residents
of these areas can take appropriate flood damage
mitigation measures.
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ACCESSORY FLOODLAND
MANAGEMENT CONSIDERATIONS

During the Pike River watershed planning program
there emerged several issues which, although not
pertaining directly to the floodland management
alternatives set forth in this chapter, did relate to
the overall existing and potential flood problems
of the Pike River watershed. These matters of con
cern were considered during the watershed plan
ning process, and the resulting conclusions and
recommendations based on that consideration are
described below.

Maintenance of Stream Gaging Network
Since 1971, the U. S. Geological Survey has oper
ated, in cooperation with the Kenosha Water Utility
and the Regional Planning Commission, a continu
ous stage recorder gage on the Pike River at the
University of Wisconsin-Parkside. Continuous
recording stream gaging stations, by monitoring
river flows and stages at strategic locations within
a watershed, can provide critical data required
for the rational management of the surface water
resources of the watershed. Discharge-frequency
relationships derived from data provided by con
tinuous recording stream gaging stations can be
used to periodically refine the hydrologic and
hydraulic simulation submodels developed and
used in the Pike River watershed study. Such
stream gaging records are also useful in bridge and
culvert design and in water quality management
planning. It is accordingly recommended that the
continuous recorder gage installed on the Pike
River at the University of Wisconsin-Parkside con
tinue to be operated.

SUMMARY

Floodland management may be defined as the
planning and implementation of a combination of
measures intended to reconcile the floodwater
conveyance and storage function of floodlands
with the space and related social and economic
needs of society. This chapter presents a recom
mended floodland management plan element for
inclusion in a comprehensive plan for the Pike
River watershed. Alternatives to the recommended
element also are presented, together with a com
parative evaluation of the recommended element
and the alternatives thereto.

The available floodland management measures from
which the recommended management plan element
was synthesized may be broadly subdivided into



two categories: structural measures and nonstruc
tural measures. A total of six structural floodland
management measures were identified for possible
application, either individually or in various com
binations, to specific flood-prone reaches of the
watershed, including: 1) bridge or culvert modi
fication or replacement, 2) channel modification,
3) dikes, 4) detention reservoirs, 5) onsite storage,
and 6) floodwater diversion. Eleven nonstructural
measures were identified consisting of: 1) reserva
tion and acquisition of floodlands for recreation
and related open space use, 2) floodland use regu
lation, 3) channel maintenance, 4) federal flood
insurance, 5) lending institution policies, 6) realtor
policies, 7) community utility policies, 8) regula
tion of land use outside the floodlands, 9) emer
gency programs, 10) structure floodproofing, and
11) structure removal. Structural measures tend to
be more effective in achieving the objectives of
floodland management in riverine areas that have
already been urbanized, while nonstructural mea
sures are preventative in that they are generally
more effective in riverine areas that have not yet
been developed for flood damage-prone uses, but
have the potential for such development.

A hydrologic and hydraulic flood flow simulation
model was used to quantitatively evaluate the
response of the Pike River watershed to the plan
year 2000 land use on the flood flow behavior
of the watershed. The simulation model studies
indicated that 100-year recurrence interval peak
flood flows may be expected to increase up to
100 percent.

The economic analyses of alternative floodland
management measures require that the flood
damage susceptibility of a river reach be quanti
fied in monetary terms for comparison to the cost
of alternative floodland management measures.
Information derived from the historic flood survey,
combined with the results of hydrologic-hydraulic
simulation, indicated that the monetary flood risks
for the watershed were estimated, on an average
annual basis, at $125,000 under existing land use
and existing channel and floodplain conditions,
and at $238,000 under plan year 2000 land use
and existing channel and floodplain conditions, an
increase of about 90 percent. Under existing land
use, channel, and floodplain conditions, flood dam
ages to crops and structures of about $806,000
during a 100-year recurrence interval flood could
be expected to be incurred and flood damages
of about $1,500,000 during a 100-year recur
rence interval flood event may be expected to be
incurred under plan year 2000 land use and exist
ing channel and floodplain conditions.

After due consideration of the various technical
and economic features and other intangible aspects
of the alternative floodland management measures
discussed above for the 12 individual reaches of
the stream system of the watershed and the Pike
River estuary, a preliminary recommendation of
the most favorable alternative for each portion of
the watershed was made. These selected alterna
tives are as follows:

• Bartlett Branch-onsite detention storage,
dike, and structure floodproofing and eleva
tion composite

• Waxdale Creek and tributary to Waxdale
Creek-no action except floodland zoning
and channel maintenance

• Chicory Creek-no action except floodland
zoning and channel maintenance

• Lamparek Ditch-no action except floodland
zoning and channel maintenance

• Somers Branch-structure floodproofing and
elevation

• Airport Branch and Tributary to Airport
Branch-culvert replacement major channel
ization composite

• Nelson Creek-no action except floodland
zoning and channel maintenance

• Sorenson Creek-culvert replacement, and
floodland zoning and channel maintenance.

• Kenosha Branch-no action except floodland
zoning and channel maintenance

• Pike Creek-channel enlargement

• Upper Pike River-onsite detention storage
channel enlargement composite

• Lower Pike River-diking-structure flood
proofing and elevation composite

• Pike River estuary-jetty construction

Utilizing an annual interest rate of 6 percent and
an amortization period and project life of 50 years,
the total average annual cost of the selected alter
natives for the watershed is $298,000, consisting
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of amortization of the $4,263,500 capital costs
and $28,900 in annual operation and mainte
nance costs.

Analyses conducted under the watershed plan
ning program resulted in the identification of
22 bridges and culverts that could be expected,
by virtue of inadequate capacity and overlopping
of the approach roads or the structure, to interfere
with the operation of the highway and railroad
transportation system during major flood events
under plan year 2000 conditions and existing chan
nel conditions. Of the total number of substandard
bridges and culverts so identified, 21 are located on
arterial streets and highways other than freeways
and expressways, and one is located on a railroad.
It is recommended that when these structures are
modified or replaced by the responsible highway
agencies or by the railroad companies as part of
necessary highway and railroad improvement pro
grams, these crossings be designed to provide ade
quate capacity in accordance with the standards
set forth in Chapter X. It is also recommended,
in accordance with the adopted standards set forth
in Chapter X, that all new or replacement bridges
and culverts be designed so as to accommodate the
100-year recurrence interval flood discharge under
plan year 2000 conditions without raising the
corresponding peak stage by more than 0.1 foot
above the peak stage as established in the adopted
comprehensive watershed plan.

Of the 11 available nonstructural floodland man
agement measures identified for possible applica
tion in the Pike River watershed, the following
three were found to be particularly effective for
minimizing aggravation of existing problems and
for preventing development of future flood prob
lems: 1) reservation of floodlands for recreation
related open space uses through measures such as
private development or public acquisition of the
land or of an easement; 2) floodland use regula
tions as accomplished through zoning, land sub
division, sanitary, and building ordinaI!ces; and
3) channel maintenance. It is recommended that
the use of floodland areas for outdoor recreation
and related open space activities be emphasized
and carried out not only to implement the land use
plan-particularly the open space preservation and
outdoor recreation plan subelements which seek to
preserve recreational, aesthetic, ecological, and
cultural resources of the watershed-but also to
minimize the aggravation of the existing flood
problems and development of new flood problems.
In order to fully protect the floodlands of the
watershed in accordance with this recommenda-
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tion, existing floodland and related regulations
would have to be modified for explicit application
to the Pike River watershed floodlands or new
floodland regulations prepared by the communities
in the watershed.

Although the availability of federal flood insur
ance does not resolve any existing flood problems,
it does provide a means for distributing mone
tary flood losses in the form of an annual flood
insurance premium and, in those situations where
insurance premiums are subsidized, the federal
flood insurance program also provides a way of
reducing monetary flood losses to the owner. All
of the communities located wholly or partly in
the Pike River watershed which have been iden
tified as having flood hazard areas have elected
to participate in the federal flood insurance pro
gram. Insurance rate studies for these communities
have been completed or are expected to be.com
pleted by the end of 1982. It is recommended
that hydrologic-hydraulic data generated under
the watershed program be used to amend and
update the flood insurance studies. Finally, it is
recommended that owners of property in flood
prone areas purchase flood insurance to provide
some financial relief for losses sustained during
future floods.

Under the national flood insurance program, pri
vate lending institutions require the purchase of
flood insurance on property in flood-prone areas
before granting a mortgage for a structure on the
property. It is recommended that lending institu
tions continue to determine the flood-prone status
of properties prior to granting of a mortgage, and
that the principal source of flood hazard informa
tion be that developd under the watershed plan
ning program. A 1973 executive order by the
Governor of Wisconsin urges real estate brokers,
salesmen, and their agents to inform potential
purchasers of property of any flood hazard which
may exist at the site. It is recommended that this
program be continued so that potential property
buyers are aware of the threat to life and property
posed by flood events.

Local communities may adopt policies relating to
the extension of certain public utilities and facili
ties in recognition of the likely influence of the
location and size or capacity of such utilities and
facilities on the location of new urban develop
ment. It is recommended that the policies of
governmental units and agencies having respon
sibility for such utilities and facilities within the
watershed be designed to complement the flood-



land recommendations for the Pike River water
shed and the recommended primary environmental
corridor protection plan subelement.

The continuous recording stream gaging station
located within the Pike River watershed provides
critical data required for future rational manage
ment of the surface water resources. Discharge
frequency relationships, floodstage profiles, and

other information obtained from gaging station
records can be used to periodically refine the
hydrologic-hydraulic simulation model developed
and used in the Pike River watershed study. It is
recommended that the continuous streamflow
monitoring gage installed on the Pike River near
Racine at the University of Wisconsin-Parkside
continue to be operated in the immediate vicinity
subsequent to completion of this study.
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Chapter XIII

ALTERNATIVE WATER QUALITY MANAGEMENT MEASURES

INTRODUCTION

The inventory and analysis phases of the Pike River
watershed planning program identified certain
water resource-related problems including flooding
and water pollution. The principal objective of
the Pike River watershed planning program is to
develop a workable plan for the resolution of these
problems. The purpose of this chapter is to present
alternative plans for water pollution abatement,
and to recommend the best plan from among these
alternatives for incorporation into the comprehen
sive plan for the watershed.

More specifically, this chapter analyzes the extent
to which various alternative water pollution abate
ment measures may be expected to mitigate or
eliminate the point and nonpoint source pollution
problems that exist within the watershed, and,
based on evaluation of the technical, economic,
and environmental performance of the alternatives
considered, recommends a set of water quality
management measures for incorporation into the
overall plan for the watershed.

In the planning process used by the Commission,
the formulation of a set of watershed development
objectives, including water use objectives and sup
porting water quality standards, provides an impor
tant basis for alternative plan design and evaluation.
An initial set of water use objectives and support
ing water quality standards was presented in Chap
ter X of this report, together with other related
objectives and standards. The Commission has
always recognized that the formulation of objec
tives and standards may have to be an iterative
process 1 in which, as a result of plan design and
evaluation, certain objectives initially proposed
may have to be revised or discarded because their
satisfaction has been proven unrealistic; new objec
tives may be suggested; and conflicts between
inconsistent objectives may be balanced out. This
formulation of objectives and standards must pro
ceed hand in hand with plan design and evaluation.

1 See, for example, SEWRPC Planning Report
No.7, The Regional Land Use-Transportation
Study, Volume Two, Forecasts and Alternative
NariS:1990, June 1966, page 2.

The water quality management plan elements pre
pared under other Commission studies already
include recommendations for resolution of water
quality problems within the Pike River water
shed, namely, for the abatement of the point and
nonpoint sources of pollution such as public
sewage treatment facility discharges, sanitary sewer
overflows, private wastewater treatment plant dis
charges, industrial wastewater discharges, malfunc
tioning septic tank system discharges, stormwater
runoff from rural and urban lands; soil erosion and
livestock waste runoff. The water quality manage
ment measures described herein were designed and
should be considered as adjuncts to the basic" land
use development proposal advanced in Chapter XI
to facilitate the attainment of regional and water
shed development objectives. The water quality
management measures are thus intended to be sup
plementary to the basinwide land use plan element,
and the incremental costs of these measures can be
separated from that element.

As noted in Chapter X of this report, the evalua
tion of a particular alternative measure relative to
other alternatives intended to resolve identified
problems is a sequential process in which the mea
sure is subjected to several types and levels of
review, including technical, economic, environmen
tal, financial, legal, and administrative feasibility,
and political acceptability. In order to provide for
the comparative evaluation of the various alterna
tive water quality management measures, and thus
assist in the selection of recommended measures
for incorporation in the comprehensive watershed
plan, the pertinent technical, economic, and envi
ronmental characteristics of each alternative water
quality management measure considered are pre
sented in this chapter.

It should again be noted that the water quality
management plan element for the Pike River water
shed, as described herein, is a systems level plan,
and as such, has three functions:

1. Identification of the type and source of exist
ing and probable water pollution problems
in the watershed;
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2. Evaluation of alternative levels and deter
mination of the optimal overall pollutant
reductions required to achieve the desired
levels of water quality, and suggestion of
methods and techniques for achieving the
target reductions; and

3. Identification of the best overall means for
abating identified water pollution problems
and achieving established water use objec
tives and supporting water quality standards
considering technical practicality, economic
feasibility, and environmental impact.

With respect to the organization of the material
presented in this chapter, the surface water quality
problems of the watershed as identified in Chap
ter VII are first briefly reviewed, together with the
sources of those problems. Next, the steps that
have already been taken, or have been committed
to be taken, for the resolution of these water
quality problems are described. Further measures
required to resolve the remaining problems are
then explored, and the basis for the selection of
a recommended water quality management plan
element provided. The techniques used to estimate
the extent and severity of the water quality prob
lems are also briefly described, together with the
available control measures.

BASIS FOR THE DEVELOPMENT AND
ANALYSIS OF ALTERNATIVE WATER
QUALITY MANAGEMENT PLAN ELEMENTS

In a combined urban and rural setting similar to
the Pike River watershed, man's activities signifi
cantly affect, and are affected by, the quality of
surface and groundwaters. Waters are defined
herein to be polluted when foreign substances
caused by, or related to, human activity are present
in such form and concentration as to render the
water unsuitable for desired beneficial use. Thus,
surface water use objectives and supporting water
quality standards become an important basis for
plan design and evaluation.

Water Use Objectives
For purposes of the water quality analyses set
forth in Chapter VII of this report, and for the
initial analyses set forth in this chapter, water
quality standards were used which were set forth
in Chapter X of this report and correspond to the
"warm water fishery and aquatic life, recreational
use, and minimum standards" water use objective
established under the areawide water quality man-

470

agement planning program, in conformance with
the national water quality objectives cited in
Law 92-500. The standards set forth in Table 80
in Chapter X of this report are intended to permit
use of essentially all of the surface waters of the
Pike River watershed for full body contact recrea
tion and for the support of a warm water fishery.
The water use objectives and supporting water
quality standards set forth in Table 80 specify
a minimum dissolved oxygen level, a maximum
temperature, a maximum fecal coliform count,
a maximum residual chlorine content, a maximum
ammonia-nitrogen and phosphorus level, and a pH
range. In addition, by explicit and implicit refer
ence to other federal and state regulations,2 the
water use objectives and standards incorP,orate
recommended maximum or minimum levels for
certain other water quality indicators, including
a broad range of toxic and hazardous substances.
Based upon the fishery inventory findings set forth
in Chapter III, the channel modification alternatives
set forth in Chapter XII, and the water quality
analyses presented in this chapter, a reevaluation of
the water use objectives and supporting standards
was conducted, as set forth below.

Historically, water quality standards were devel
oped for application to specified periods of low
flow, such as a 7 day-lO year low-flow condition,
in order to determine the effects of point sources.
Under this historic approach, it was assumed that
diffuse sources of pollution had an insignificant
effect on water quality conditions and that the
worst water quality occurred during periods of low
flow. More recent studies, including those con
ducted by the Commission under its areawide
water quality management planning program, how
ever, indicate that the water quality standards may
be violated not only during periods of low flow,
but also during periods of high flow and during
rainfall events following long periods of dry
weather during which a buildup of pollutantstakes
place on the land surface. This finding requires
a new approach to the application of water quality
standards-an approach which considers the assess
ment of the proportion of the total time that

2See U. S. Environmental Protection Agency,
Quality Criteria for Water, EPA Report No.
440/9-76-003, Washington, D. C., 1976, and
National Academy of Sciences, National Academy
of Engineering, Water Quality Criteria-1972, EPA
Report No. R3-73-003, Washington, D. C., 1974.



water quality conditions can be expected to be in
compliance with specified standards. Under this
approach, statistical analyses were conducted on
the results of the continuous water quality simu
lation model to determine the percent of time
a given standard may be expected to be violated
including during periods of low flow. A 95 percent
compliance level was selected for those parameters
which directly affect aquatic organisms-dissolved
oxygen, temperature, ammonia-nitrogen, residual
chlorine, and pH. A 90 percent compliance level
was selected for those parameters which do not
directly affect aquatic organisms, but are pri
marily related to recreational use-fecal coliforms
and phosphorus.

The levels of pollution control which are techni
cally practicable and economically sound also influ
ence the extent to which the "fishable-swimmable"
water use objective can be achieved. Point source
pollution control measures have historically been
given high priority for resolution of surface water
quality problems. Point source pollution control
measures and practices represent a highly advanced
technology, and point sources of pollution and
their effects on surface water quality conditions
can be quantified more accurately because of the
manner in which they are introduced into the sur
face water systems. Nonpoint source pollution con
trol represents a less advanced technology than
point source control, and nonpoint sources and
their effects on surface water conditions cannot be
quantified as well as point sources. Knowledge of
the effectiveness of nonpoint source pollution
control measures is limited, and the degree of
pollution control which may be expected to be
achieved by various methods has been estimated
as accurately as possible from recent case studies
and reports.3 It is estimated that technically prac
ticable control measures to reduce the pollutants
released and carried by storm water runoff vary in
effectiveness from a 5 percent reduction in the
release of pollutants for improved leaf and lawn
clipping collection and disposal practices, to
greater than 75 percent reduction for some rural
nonpoint source pollution control practices. On an

3 See SEWRPC Planning Report No. 30, A Regional
Water Quality Management Plan for Southeastern
Wisconsin: 2000, Volume Two, Alternative Plans,
February 1979, and SEWRPC Technical Report
No. 18, State of the Art of Water Pollution Control
in Southeastern Wisconsin, Volume Three, Urban
Storm Water Runoff, and Volume Four, Rural
Storm Water Runoff, July 1977. --

individual basis, most minimum or low-cost non
point source pollution control practices may be
expected to attain up to a 25 percent reduction in
released pollutants over uncontrolled conditions.
Storm water treatment may be expected to attain
up to a 50 percent reduction of released pollutants
when compared to uncontrolled conditions.

Historic Surface Water Pollution
A careful examination of available water quality
data for the Pike River watershed, as described in
Chapter VII of this report, indicates that water
quality problems exist during both wet and dry
weather conditions over much of the watershed.
Of the eight possible categories of pollution, six
pathogenic, organic, nutrient, toxic, sediment, and
aesthetic-are known to exist in the Pike· River
watershed. The other two categories of pollution
thermal and radiological-are not known to exist
in the watershed.

The most serious type of surface water pollution
present in the watershed is pathogenic pollution
as indicated by the widespread occurrence of high
fecal coliform bacteria counts. These fecal coliform
counts, which are indicative of the presence of
human and animal wastes, appear to be attributable
to municipal point sources of pollution related
to wastewater treatment facilities, and to urban
and rural nonpoint sources. Fecal coliform is con
tributed from urban nonpoint sources in the form
of pet waste or from failing septic systems and
from rural nonpoint sources in the form of animal
wastes. Other less extensive pollution problems
include the presence of toxic and hazardous
materials, depressed dissolved oxygen levels and
excessive nutrient concentrations, particularly
phosphorus, under wet weather conditions.

Pollution Sources
The following pollution sources have been identi
fied in the Pike River watershed. As of 1975, the
sources of pollution identified as point sources
consisted of two municipal sewage treatment facili
ties, two private wastewater treatment facilities
. 'eIght municipal sanitary sewerage system flow

relief devices, and eight industrial wastewater
discharge outfalls. 4 These point sources were esti-

4 The Village ofSturtevant sewage treatment facility
and the St. Bonaventure Seminary private sewage
treatment facility were abandoned in April 1980
and in December 1979, respectively. The other
private wastewater treatment facility was operated
by the American Motors Corporation-Transporta
tion Division and was taken out of service in 1978.
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mated to contribute an estimated 4 percent of the
nitrogen, 7 percent of the phosphorus, 5 percent of
the biochemical oxygen demand, 54 percent of the
fecal coliform, and less than 1 percent of the sus
pended solids contributed annually to the surface
waters of the watershed.

Pollutant loading analyses conducted under the
areawide water quality management planning pro
gram, and confirmed under the watershed study,
indicated that nonpoint sources of pollution-both
rural and urban-accounted for the majority of pol
lutants that were transported to the surface water
system. Commission inventories indicated that an
estimated 96 percent of the nitrogen, 93 percent
of the phosphorus, 95 percent of biochemical
oxygen demand, 46 percent of the fecal coliform,
and virtually all of the suspended solids were
contributed to the surface water system of the
watershed annually by these nonpoint sources of
water pollution. These pollutant loadings will occur
during wet weather conditions when surface water
runoff acts to transport pollutants to the stream
system of the watershed.

About 40 percent of the urban area, and 11 per
cent of the total area of the Pike River watershed
is provided with engineered storm water drainage
systems. Therefore, much of the direct runoff from
urban areas enters the surface water system
through storm sewer outfalls located along the
major stream system with the remaining direct
runoff entering the surface water system through
open storm water channels or as sheet flow-that
is, overland flow not occurring in well-defined
channels. Direct runoff from rural areas enters the
surface water system through open storm water
channels, agricultural drainage systems or as sheet
flow. Water quality surveys indicate that high con
centrations of pollutants, such as biochemical
oxygen demand, nitrogen, phosphorus, and fecal
coliform bacteria, are most likely to occur during
wet weather conditions-that is the conditions in
which surface water runoff from urban and rural
lands provides the dominant flow and pollutant
loading to the river system.

The limited data available also indicate that exces
sive concentrations of toxic and hazardous sub
stances, including mercury, DDT, DDE, heptachlor
epoxide and dieldrin, may exist in the surface
water system of the Pike River watershed. The
presence of toxic and hazardous materials is also
supported by the fishery survey undertaken as
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part of the watershed study. The survey found
a lack of aquatic life in stream reaches with char
acteristics that should otherwise support warm
water species if toxic or other stressful conditions
were not present.

The source of toxic and hazardous materials has
not been traced to anyone particular source or
group of sources in the watershed. Potential
sources, however, include municipal and industrial
wastewater discharges, and nonpoint source con
tributions such as agricultural application of exces
sive amounts of pesticides and herbicides and
fallout of toxic material from the atmosphere.
Such fallout may include lead, chromium, mer
cury, and nickel. A potential also exists for trans
mission of toxic and hazardous substance~ from
unconfined leachate that originates in solid waste
disposal sites. There are five abandoned landfill
sites that are known to exist in the Pike River
watershed, of which three are located immediately
adjacent to the watershed stream system. These
landfills have all been classified by the Department
of Natural Resources as having been properly aban
doned, however, the potential still exists for sur
face and groundwater contamination in these areas.

Measures Already Underway, or
Committed, to Resolve Pollution Problems
Substantial efforts have already been initiated to
abate some of the major sources of water pollution
and thereby resolve some of the pollution prob
lems of the Pike River watershed. These efforts are
briefly described below and related to the pollu
tion sources described above.

The regulation of point source pollution control
sources is effected through the Wisconsin Pollu
tant Discharge Elimination System. As described in
Chapter X of this report, the Wisconsin Pollutant
Discharge Elimination System was established by
the Wisconsin Legislature in direct response to the
requirements of the Federal Water Pollution Con
trol Act of 1972. The system requires a state per
mit for the discharge of any pollutant into the
waters of the State, including the groundwaters.
More specifically, permits are required for dis
charges from municipal sewage treatment plants
and associated collection systems, private waste
water treatment facilities and industrial establish
ments. The permits may specify abatement require
ments, and provide a schedule of compliance setting
forth dates by which specific elements of the
permit must be responded to. The Village of Stur-



tevant is currently5 operating a wastewater treat
'ment facility under the provisions of the Wisconsin
Pollution Discharge Elimination System and the
plant is scheduled to be abandoned in 1980 accord
ing to the conditions of the Village of Sturtevant
wastewater discharge permit. Abandonment of this
facility is expected to result in substantial water
quality improvements in Waxdale Creek and in the
upper reaches of the Pike River downstream of
Waxdale Creek.

Saint Bonaventure Seminary operated a private
sewage treatment plant that also discharged to
Waxdale Creek upstream of the Village of Sturte
vant. The Seminary completed arrangements with
the Village of Sturtevant to connect this private
facility to the Sturtevant collection system upon
completion of the Sturtevant-to-Racine trunk
sewer, thereby eliminating this point source. The
abandonment of this private sewage treatment
plant was completed in December 1979.

The Town of Somers Utility District No.1 also
operates a wastewater treatment facility under the
provisions of the Wisconsin Pollution Discharge
Elimination System (WPDES). The existing facility
was last expanded and upgraded in 1978 and has
an average hydraulic capacity of 0.125 million gal
lons per day. The adopted regional sanitary sewer
age system plan recommended that this facility be
abandoned and connected to the City of Kenosha
wastewater treatment system. This recommenda
tion was also contained in the comprehensive plan
for the Kenosha Planning District. The decision to
recommend abandonment of the Somers facility
was based upon economic analyses that considered
alternatives of centralized treatment and treatment
at both centralized and remote sites in the Racine
and Kenosha urban area. In addition, it was deter
mined that undesirable dissolved oxygen, phos
phorus, and ammonia-nitrogen conditions could be
expected to result in the Somers Branch of Pike
Creek if the plant were not abandoned. With a dilu
tion ratio considerably less than one during low
flow conditions, continued operation of the Somers
plant could be expected to result in depleted dis
solved oxygen levels along a majority of Somers
Branch and in toxic levels of ammonia-nitrogen

5 As already noted, the Village of Sturtevant sewage
treatment plant was abandoned as of April 1980
upon completion of the trunk sewer connection to
the City of Racine.

along the entire length of the stream downstream
of the treatment plant. Additional adverse water
quality impacts are expected to occur in Pike
Creek downstream of the confluence with Somers
Branch. In light of this, the abandonment of the
Somers sewage treatment plant is determined to
be necessary in order to meet even a limited fishery
and aquatic life and recreational use category.
Therefore, in recognition of previous planning
efforts and the economic and water quality con
siderations attendant thereto, the eventual aban
donment of the Town of Somers sewage treatment
facility is considered to be committed.

With respect to sanitary sewerage system flow
relief devices, it may be assumed that the WPDES
discharge permit system will provide means for
the elimination of all of these devices over time.
As already noted, there were eight sanitary flow
relief devices known to exist in the Pike River
watershed as of 1975. With the completion of the
trunk sewer connection between the City of
Racine and the Village of Sturtevant, two of the
eight existing flow relief devices have been elimi
nated. The Village of Sturtevant sewage treatment
plant bypass was abandoned along with the treat
ment plant and the Creuziger lift station bypass
in the Town of Mt. Pleasant.6 With respect to the
industrial wastewater discharges, it may also be
assumed that WPDES will provide the means for
monitoring, regulating, and controlling the indus
trial discharges to the surface water and ground
water systems of the watershed.

Point source pollution abatement measures were
taken in the watershed study as committed mea
sures, based upon previous recommendations of

6 Late in 1982, the City of Kenosha reviewed the
status of the six flow relief devices noted to be
located in the city's sanitary sewer system. That
review indicated that three of the flow relief
devices were not needed and were scheduled to
be eliminated; two of the flow relief devices func
tion as emergency overflow outlets for pumping
stations and accordingly were proposed to be main
tained but only utilized in extreme emergencies
where the pumping station would be inoperable;
and one flow relief device was found to have been
connected to a storm sewer which discharges out
of the Pike River watershed and will be scheduled
for elimination under the city's ongoing sewer
rehabilitation program.
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the adopted regional water quality management
plan. Commission studies indicated that the abate
ment of the point sources of water pollution as of
1975 would require an estimated $16,664,000 in
capital costs and $902,000 in average annual opera
tion and maintenance costs. It should be recog
nized, however, that certain point source abatement
measures have already been implemented including
the Sturtevant-Mt. Pleasant trunk sewer, portions
of the Somers-Kenosha trunk sewer as far north as
18th Street, and the abandonment of the private
sewage treatment plants at the American Motors
Truck Service Facility and St. Bonaventure Semi
nary. Thus, the remaining measures would require
an estimated $8,980,000 in capital costs and
$902,000 in average annual operation and mainte
nance cost. These costs are expressed in January
1980 dollars, on the basis of an "Engineering News
Record" construction cost index of 3131.

With regard to nonpoint source pollution control,
the Commission recently assisted Racine and
Kenosha Counties in the completion of a farm
land preservation plan in order to identify the
prime agricultural lands in these counties. 7 The
Wisconsin Farmland Preservation Act provided
grants-in-aid to assist the two counties in prepara
tion of the plans and in the mapping of the prime
agricultural lands. The plans delineated prime
agricultural lands into appropriate exclusive agri
cultural zoning districts. It is anticipated that these
plans will encourage the agricultural community
to provide the nonpoint source pollution control
measures necessary to meet the water use objectives
and standards. Such willingness and ability should
result from the long-term land use stability pro
vided by the public preservation actions, the return
which this stability will make possible on invest
ment in agricultural soil erosion control measures,
and the effect which the removal of urban develop
ment pressures should have.

As a part of the agricultural land preservation
planning effort, refined and detailed primary
environmental corridor boundaries within the Pike
River watershed have also been delineated. These

7 See SEWRPC Community Assistance Planning
Report No. 45, A Farmland Preservation Plan for
Kenosha County, Wisconsin, and SEWRPC Com
munity Assistance Planning Report No. 46, A
Farmland Preservation Plan for Racine CountY:
Wisconsin.
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corridor lands are generally associated with surface
water drainage systems and their preservation in
essentially natural open uses will provide valuable
nonpoint source pollution abatement through
preservation of wetlands, woodlands, and other
open lands that provide positive water quality
impacts by retaining fecal coliform bacteria am
soil nutrients, and by reducing soil erosion and
sediment contributions to surface water systems.

Finally, both Racine and Kenosha Counties have
prepared and adopted countywide sanitary ordi
nances in 1980 as a basis for resolving existing
public health and pollution problems associated
with malfunctioning of private onsite sewage dis
posal systems.

ANALYSIS OF THE ALTERNATIVE WATER
QUALITY MANAGEMENT PLAN ELEMENTS

Analytic Framework and Assumptions
The data regarding water pollution problems and
pollution sources in the Pike River watershed, and
the review of efforts underway to abate or elimi
nate those sources and thereby mitigate the pollu
tion problems, indicate that substantial progress
is being made toward the abatement of pollution
in the Pike River watershed. In consideration of
the basic pollution abatement program already
in progress, the water quality analyses conducted
under the Pike River watershed planning program,
including stream water quality simulation model
ing studies, were conducted within the framework
of the committed actions and related assumptions
set forth below.

Municipal Sewage Treatment Plants: The water
quality analysis conducted under the Pike River
watershed planning program accepted as com
mitted, the eventual abandonment of the Village
of Sturtevant and Town of Somers sewage treat
ment plants as recommended in the adopted
regional water quality management plan. It was,
however, deemed necessary to conduct simulation
studies of the impact on existing water quality of
the removal of these two plants from the water
shed stream system. This analysis was considered
necessary as a first step in determining if additional
pollution abatement measures directed primarily
at diffuse sources of pollution will be required in
the Pike River watershed between now and the
plan design year 2000.

It is important to understand the degree to which
the eventual abandonment of the two municipal
sewage treatment plants in the watershed is a com.



mitted decision. The major trunk sewer connecting
the Village of Sturtevant sanitary sewerage system
to the City of Racine sewage treatment plant was
under construction and scheduled to be completed
during 1980. The Town of Somers wastewater
treatment plant is recommended to be abandoned
in the adopted regional sanitary sewerage system
plan and the adopted regional water quality man
agement plan. The City of Kenosha has completed
approximately 5.7 miles, or 48 percent, of the
total of 11.8 miles of connecting sewers necessary
in order to abandon the Town of Somers plant.
The connecting sewer is also designed to serve por
tions of the City of Kenosha and the University of
Wisconsin-Parkside, prior to extension to the Town
of Somers treatment facility, and ultimately to
serve proposed development in the Town of
Somers west of the City of Kenosha.

At the present time (November 1980), the Town
of Somers is engaged in a sanitary sewer service
area refinement process in cooperation with the
City of Kenosha and the Regional Planning Com
mission. Agreement has been reached upon a pre
liminary refined year 2000 sanitary sewer service
area for Township 2 North, Range 22 East and
Township 2 North, Range 23 East (see Map 75).
The proposed sewer service area is intended to be
served ultimately in its entirety by the City of
Kenosha sewage treatment plant, with the excep
tion of about 400 acres of land lying along
CTH KR in the Town of Somers which is proposed
to be served by the City of Racine sewage treat
ment plant through the Sturtevant-Mt. Pleasant
trunk sewer.

Given the low priority in terms of federal and state
grants attached to the completion of the Parkside
trunk sewer, as well as the immediate needs of the
Town of Somers Utility District No. 1 and the
desirability of abandoning the Somers treatment
facility as soon as possible in order to enhance
water quality on the Pike River, all parties con
cerned have agreed that an interim connection of
the existing Somers utility district sewerage system
to the City of Kenosha sewerage system would
afford the earliest possible means of abandonment
of the Somers sewage treatment plant, and would
be feasible and desirable prior to the completion of
the Parkside trunk sewer. The sewers necessary to
effect abandonment of the Somers sewage treat
ment facility on an interim basis, as well as the
proposed alignment of the Parkside trunk sewer
in its entirety, are also shown on Map 75. As indi
cated on the map, immediate abandonment of
the Somers sewage treatment facility would be

effected by constructing the following segments
of sewer:

1. A permanent gravity flow trunk sewer from
the Somers sewage treatment facility east
along CTH E to the Pike Creek.

2. A permanent gravity flow trunk sewer west
along CTH L or 18th Street from the current
terminus of the Parkside trunk sewer to
about STH 31.

3. A temporary sewage pumping station located
along CTH E at Pike Creek.

4. A temporary sewage force main from the
sewage pumping station at the Pike Creek
to the end of the gravity flow trunk sewer
in CTH L.

Upon the ultimate completion of the Parkside
trunk sewer, the sewage pumping station and force
main would be abandoned. The area that could be
served by the interim sewer connection is also
shown on Map 75.

Flow Relief Devices: In Chapter VII of this report,
a comparative analysis of the pollution loads con
tributed by sanitary sewerage system flow relief
devices, and washoff from the land surface was
conducted. The results indicated that flow relief
devices contribute a small proportion of the total
pollution load on the Pike River system. Conse
quently, these devices were omitted in the simula
tion of existing conditions and were considered to
be eliminated under future conditions. Although
the analysis indicated that the flow relief devices
contribute small quantities of pollution to the sur
face water, relative to those quantities contributed
by storm water runoff, pollutant contribution
from flow relief devices may constitute serious
public health hazards and create objectionable
aesthetic conditions. Therefore, efforts should be
continued to eliminate the discharge of any raw
sanitary sewerage through flow relief devices. As
previously noted two of the identified eight sani
tary sewage flow relief devices have been aban
doned as of 1980 and plans for properly dealing
with the remaining six flow relief devices located
in the City of Kenosha are in place.

The watershed plan recognizes the basically local
nature of the decisions which dictate the specific
means of eliminating these flow relief devices,
and thus does not include an explicit analysis of
alternative ways of eliminating sanitary sewerage
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Map 75
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Parks ide trunk sewer is extended, the proposed interim force main would be abandoned. In 1980. the CitY of Kenosha sewage treatment
plant provided secondary wasta treatment with conventional advanced waste treatment for phosphorus removal, and auxiliary waste
treatment for effluent disinfection with the discharge of treated effluent to Lake Michigan. The areawide water qualitY management plan
recommended continuation of that level of treatment for the Kenosha treatment plant.

Source: SEWRPC.
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system flow relief devices such as crossovers and
bypasses. The Pike River watershed plan accepts,
as committed, the ultimate elimination of dis
charge from flow relief devices as recommended in
the adopted regional sanitary sewerage system plan
and as locally planned for.

Private Wastewater Treatment Plants: As of 1980,
there is one known private wastewater treatment
plant in operation in the Pike River watershed.
This facility which serves the St. Bonaventure
Seminary in the Village of Sturtevant has been
abandoned and the wastewater flow diverted to
the Village of Sturtevant collection system. The
entire flow from the Sturtevant system is planned
to be connected to the City of Racine sewerage
system. As previously mentioned this connection
was scheduled to take place in 1980, and thus may
be regarded as a committed action under the plan
year 2000 conditions.

Industrial Discharges: The water quality manage
ment plan element of the Pike River watershed
plan also assumes that pollutants that are trans
ported through industrial wastewater outfalls to
the surface water system of the watershed will be
controlled through regulation under the Wisconsin
Pollutant Discharge Elimination System. Currently,
industrial discharges in the Pike River watershed
consist of cooling, process, and backwash waters
that do not contain significant amounts of pollu
tants and that do not have notable water quality
impacts. The estimated existing and year 2000
discharges of the existing industrial wastewater
outfalls in the Pike River watershed, are presented
in Table 98.

Existing and Plan Year 2000 Land Use Conditions:
The existing land use conditions and plan year
2000 land use conditions in the Pike River water
shed, as described in Chapter III and Chapter XI
of this report, respectively, provided the basis for
estimating the extent and probable surface water
quality consequences of land use changes in the
watershed and, more importantly, for examining
the diffuse source pollution problem and alternate
solutions thereto under the water quality manage
ment plan element.

Extent and Severity of Existing and
Anticipated Future Water Quality Problems
The development, test, and evaluation of alterna
tive water quality control measures requires an
assessment of probable future, as well as existing,
water quality problems in the watershed. Identifi
cation of the probable future pollution problems

and attendant sources was based upon the historic
data presented in Chapter VII and on the results of
stream water quality simulation modeling studies.
The historic water quality information provided
data on various types of pollution not assessable by
simulation, such as toxic substances and sediment.
Although standards have not been developed for
these pollutants, their presence does affect the use
of the surface water resources. The water quality
simulation model was used to quantify both exist
ing and probable future water quality conditions
and to assess the impact of implementing the rec
ommended year 2000 land use plan together with
various alternative pollution control measures. The
simulation model results were assessed against the
water quality standards representing the intended
water uses in order to identify and define the .pol
lution problems and probable sources.

Use of the Simulation Model: As noted in Chap
ter VIII of this report, the principle purpose of
developing and calibrating the water resource simu
lation model under the Pike River watershed study
was to provide a tool for quantifying watershed
hydrologic, hydraulic, and water quality character
istics under existing and various possible future,
development conditions and management measures
within the watershed. The results of applying the
water quality submodel to the Pike River water
shed are discussed in the following section.

In using the water quality submodel to analyze the
impact of the year 2000 land use plan and alterna
tive pollution abatement measures on water quality
conditions, the watershed land surface and stream
system were represented as shown on Map 39
of this report for existing (1975) conditions, and
for the year 2000 planned land use-floodland devel
opment conditions. The watershed land surface
was represented by 39 water quality land segments.
Each of the 39 land segments was assigned one of
18 hydrologic water quality land segment types
developed for the watershed-each type having
specified land use, meteorological station, and
hydrologic soil group characteristics. Water quality
simulation results were obtained at seven locations
within the watershed as shown on Map 76. Input
data base development and the calibration of
the water quality submodel are described in Chap
ter VIII of this report. Streamflow was continu
ously simulated for the three-year period beginning
January 1, 1969, and ending December 31, 1971,
through application of the hydrologic-hydraulic
water quality simulation model. This time period
was selected as being representative of, and repli-
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Map 76

SIMULATED WATER QUALITY OUTPUT LOCATIONS IN THE PIKE RIVER WATERSHED
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Source: SEWRPC.
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For purposes of water quality simulation modeling, the
watershed land surface was represented by 39 water
quality land segments. Each of the 39 land segments was
assigned one of 18 hydrologic water quality land seg
ment types developed for the watershed-each type
having specified land use, meteorological station, and
hydrologic soil group characteristics. The water quality
land segments types were the basis for simulating the
transport of pollutants from the land surface to the
stream system via surface runoff or groundwater flow.
Characteristics of each land segment were used to simu
late the accumulation and transport of both point and
nonpoint source pollutants in the channel system and
the resulting instream biological, chemical, and physical
processes. The water quality simulation results are pre
sented for seven locations, as shown on the above map.
Water quality simulation results are not presented for
the Pike River estuary because accurate simulation of
water quality conditions in the estuary requires further
study of the complex hydraulic, water quality, and
sediment interactions occurring in this environment.



Table 98

EXISTING AND FORECAST YEAR 2000 INDUSTRIAL WASTEWATER
DISCHARGE QUANTITIES IN THE PIKE RIVER WATERSHED

1975 Projected

Number of Reported Year 2000

Cooling Average Hydraulic Average Hydraulic

Receiving Civil Water Discharge Rate Discharge Rate
Name Stream Division Outfalls (gallons/day) (gallons/day)

Ametek-Lamb Electric ..... Sorenson Creek Town of 2 a --a--
via storm sewer Mt. Pleasant

Rexnord, Inc.
Hydraulic Component

Division ............. Pike River Town of 1 130,000 260,000
Mt. Pleasant

J. I. Case Company
Transmission Plant ...... Pike River Town of 1 50,000 100,00Q

Mt. Pleasant
S. C. Johnson & Son, Inc.... Waxdale Creek Town of 3 2,155,000 2,160,000

Mt. Pleasant
Metal-Lab, Inc. Pike River Town of 1 a a. . . . . . . . . _.

via storm sewer Mt. Pleasant

aThese flow quantities were determined not to be significant in the simulation modeling.

Source: Wisconsin Department of Natural Resources and SEWRPC.

cating the hydrologic characteristics of a longer
10-year period, beginning in January 1965 and
used in previous Commission studies.

In order to further define and quantify the water
quality problems which currently exist in the Pike
River watershed as described in Chapter VII of this
report, the instream water quality conditions were
simulated using input data representing the existing
land use and channel conditions, and municipal
and industrial point source discharges as set forth
in Table 69 in Chapter VIII, and Table 98 in this
chapter. The simulation results for existing con
ditions provided a basis of comparison for the
simulation of probable future conditions and for
determining the effects of future land use, channel
conditions, and alternative point source controls
and land management measures on water quality.

Continuous water quality simulation produces suf
ficient water quality data to allow water quality
constituent-duration relationships to be devel
oped. These relationships may be used to quanti
tatively evaluate the impact of the full spectrum
of hydrologic-hydraulic water quality phenomena
on instream water quality conditions, and to pro
vide a comparison to water quality standards for
existing conditions as well as planned or projected
future conditions.

Simulation Results Under Existing and Planned
Year 2000 Conditions: Review of the simulation
model study results, as summarized in Table 99
verifies the conclusion derived from the inventory
data that water quality under existing conditions
in the Pike River watershed generally does not
meet recommended water use objectives and sup
porting water quality standards for warmwater
fishery and aquatic life and recreational use. Exist
ing condition simulation results indicate that fecal
coliform, ammonia-nitrogen, and phosphorus levels
generally do not meet recommended standards
nearly throughout the watershed with depressed
dissolved oxygen levels occurring at output loca
tions downstream of the Sturtevant sewage treat
ment plant. Temperature levels are within the
specified standard of 890 F throughout the water
shed. The resultant water use conditions in the
Pike River watershed are shown on Map 77, and
indicate that none of the stream miles studied met
all of the recommended water quality standards
for support of warmwater fish and aquatic life and
recreational use.

Simulation of water quality conditions of the Pike
River watershed was carried out under design year
2000 planned conditions including planned land
use, and implementation of committed and planned
point source abatement measures. The plan year
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Table 99

SUMMARY OF SIMULATED WATER QUALITY CONDITIONS IN THE PIKE RIVER
WATERSHED UNDER EXISTING AND ALTERNATIVE FUTURE CONDITIONS

Percent of Time Simulated Value Achieves the Recommended Standard

Pike Creek Pike River Pike River
Water Quality Pike River Pike River Pike Creek at the Downstream of Downstream of the Pike River
Parameter and Upstream of Upstream of Upstream of Confluence with Petrifying Confluence with Downstream

Alternative Chicory Creek Pike Creek Somers Branch the Pike River Springs Park Sorenson Creek of CTH E
Conditionb Output Site NO.1 Output Site No.2 Output Site No.3 Output Site NO.4 Output Site No.5 Output Site No.6 Output Site No.7

Dissolved Oxygen
92a 94a

Existing ........ 37a 40
a

98 99 97
2000 .......... 49a 96 98 99 94a 94a 97
Alternative 1 . . . . . 74a 96 99 99 98 97 98
Alternative 2 . . . . . 97 99 99 99 99 99 99

Orthophosphate
78a 83a 78aExisting ........ 54a

66
a

96 94
2000 .......... 99 98 96 96 97 97 96
Alternative 1 ..... 99 99 98 98 98 98 98
Alternative 2 ..... 99 99 99 99 99 99 99

Ammonia-Nitrogen
80a 85a 88aExisting ........ 40a 67a 91 a 90a

2000 .......... 97 97 84a 90a 95 94a 94a

Alternative 1 . . ... 98 98 91 a 93a 97 96 96
Alternative 2 . . . .. 99 99 96 97 99 99 98

Fecal Coliform
41 a 54aExisting ........ 2a 27a 56a 60a 40a

2000 .......... 50a 74a 48a 58a 70a 68a 69a

Alternative 1 ..... 61 a 82a 50a 64a 80a 77a 81 a

Alternative 2 ..... 82a 97 66a 76a 94 90 92

aIndicates that the applicable standard is not achieved for the recommended percent of time.

b The existing condition represents 1975 conditions. The 2000 condition represents planned year 2000 land use, recommended point source controls, and no nonpoint source control.
Alternative 1 represents year 2000 planned land use conditions with recommended point source controls plus a 25 percent reduction in nonpoint source pollutant loadings. Alterna#
tive 2 represents year 2000 planned land use conditions with recommended point source controls plus a 50 percent reduction in nonpoint source pollutant loadings.

Source: SEWRPC.

2000 conditions assume elimination of the two
existing (1975) municipal wastewater discharges
and one existing private wastewater discharge,
elimination of all sanitary sewage flow relief devices
in the watershed, and increased flow volumes from
the industrial waste discharges. This increased flow
volume from industrial waste discharges, because it
consists entirely of spent cooling and other clear
waters, is not expected to have an adverse water
quality impact. Under plan year 2000 conditions,
the simulation data indicate substantially improved
water quality conditions may be expected down
stream of the abandoned Sturtevant and Somers
sewage treatment plants. However, reduced pollu
tant loadings from treatment facilities may be
expected to be partially offset by increased urban
ization that would tend to increase nonpoint
source contributions to the surface water system.
Thus, the resultant water quality conditions may
be expected to be improved in particular with
respect to phosphorus, ammonia-nitrogen, and dis
solved oxygen levels. However, the conditions
would still generally not satisfy the recommended
water use objectives, because, as shown in Table 99,
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occasional violations of the ammonia-nitrogen
and dissolved oxygen standards would continue
to occur, as would violations of the fecal coli
form standard.

The water quality simulation results for future land
use and plan year 2000 point source controls but
without nonpoint source control beyond existing
levels are summarized on Map 77, which indicates
that none of the stream miles studied would fully
meet the fishable-swimmable criteria. The simu
lated water quality conditions summarized in
Table 99 also show the effects of a 25 percent
reduction in pollutant loadings from nonpoint
sources, and a 50 percent reduction in pollutant
loadings from nonpoint sources.

ALTERNATIVE NONPOINT SOURCE WATER
QUALITY MANAGEMENT PLAN ELEMENTS

Based upon measured historic and simulated water
quality data, the problems to be addressed in the
development of alternative water quality manage
ment plan elements include excessive fecal coli-



Map 77

WATER QUALITY SIMULATION RESULTS FOR THE PIKE RIVER WATERSHED
EXISTING (1975) LAND USE CONDITIONS, AND FORECAST (2000) LAND USE CONDITIONS

ASSUMING PLANNED POINT SOURCE POLLUTION ABATEMENT MEASURES
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STREAM RE;A<;HES NOT MEETING
THE "FISH,Il.9LE - SWIMMABLE" STANDAROS

MICHJCAN

t
Water quality simulation modeling study data supportec
by water qualitY sampling data indicate that under exist
;og conditions none of the stream reaches within thE
watershed met the national goal of "fishable and swim
mabie" waters in 1975. Under planned year 2000 lane
use conditions and with point source control, but with
out noopoint source control, the simulation result:
indicate that significant water quality improvement:
may be expected. However, due to the predominantl."
noopoint source nature of fecal coliform bacteria
pollution throughout the watershed and the resultan1
high instream fecal ce>IHorm bacterial levels shown b'"
the simulation data, no significant advancement ir
achievement of water use objectives may be expected

Source: SEWRPC.
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form counts, depressed dissolved oxygen levels,
excessive nutrient concentrations and the presence
of toxic and hazardous substances. Historic water
quality sample data and simulation results under
existing conditions indicate fecal coliform bacteria
to be the most prevalent and potentially dangerous
form of water pollution in the watershed. The
assumed abandonment of the Somers and Sturte
vant sewage treatment plants under planned year
2000 conditions resulted in large reductions in
orthophosphate and ammonia-nitrogen levels, but
in only modest reductions in fecal coliform bacteria
levels. These results indicate that the primary
sources of fecal coliform bacteria are urban and
rural nonpoint sources rather than point source
contributions. This was attributed in large part to
direct discharge from malfunctioning private onsite
sewage disposal systems. Commission studies have
indicated that about 40 percent of the onsite
sewage disposal systems in the watershed may be
malfunctioning or improperly installed.8 For toxic
and hazardous substances, the limited data indicate
that unreported point source discharge of such sub
stances may be occurring within the watershed.
The planned point source controls will also sub
stantially improve dissolved oxygen levels except at
output site number 1, where sediment oxygen
demand continues to result in substandard levels of
dissolved oxygen. This sediment oxygen demand,
produced by historic point and nonpoint sources
of pollution, may be reduced over time, or sedi
ment removal may be required to satisfy the dis
solved oxygen standard.

Alternative Reductions in
Nonpoint Source Loadings
A wide variety of management measures are avail
able for controlling nonpoint sources of water
pollution. The task of formulating a plan element
for the abatement of these diffuse sources of pollu
tion requires a somewhat different approach than
would be used for the abatement of point source
pollution problems or flooding problems. Different
physical measures for nonpoint source pollution
abatement exist and should be properly combined
to provide an effective combination of measures
in specific geographic subareas of the watershed.
However, at the areawide systems level of plan
ning, the examination of alternative water pollu
tion abatement plans must, as a practical matter,

8 See SEWRPC Technical Report No. 21, Sources
of Water Pollution in Southeastern Wisconsin:
1975, p. 336.
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be limited to the degree of control necessary to
meet the standards for each water quality analysis
area. The development of site-specific practices
requires a detailed consideration of a great many
factors including among others, land use, soils,
subsurface characteristics, existing management
practices, property ownership, property use and
management goals, public works equipment and
practices, investment policies, available technical
and financial resources, and the extent to which
and methods whereby public agencies may desire
to seek plan implementation

The development and evaluation of alternative dif
fuse source control measures was accomplished by
evaluating various levels of diffuse source pollutant
reductions upstream of each simulation output site
under plan year 2000 land use conditions. Because
of the site-specific nature of diffuse sources, recom
mendation of specific measures at specific loca
tions could not be made at the systems planning
level. Rather, the required level of reduction in
pollutant loading was used as the basis for the
development of alternative combinations of non
point source control measures. The control mea
sures used to attain these approximate levels of
reduction in surface runoff loadings were selected
from the spectrum of possible management mea
sures as developed by the Commission under its
areawide water quality planning program.9

Use of Simulation Model: Simulation model studies
were used to determine the impact on surface
water quality conditions of the reductions in dif
fuse source land surface loadings. The simulation
model inputs representing plan year 2000 land use
conditions and channel modifications were altered
to represent the reduction in land surface loading
rates and in the resultant runoff loadings. This was
accomplished by reducing the pollutant loading
rates for both impervious and pervious surfaces, as
well as concentrations of pollutants in subsurface
flow, by a factor consistent with the reduction
desired. The subsurface flow concentrations were
reduced accordingly to reflect the expected reduc
tion in concentration of these potential pollutants
in the groundwater as the result of implementation

9 See SEWRPC Technical Report No. 18, State
of the Art of Water Pollution Control in sOiifh:
eastern Wisconsin, Volume Three, Urban Storm
Water Runoff and Volume Four, Rural Storm
Water Runoff



of land management practices. The reduction
factor was applied equally to all simulated water
quality constituents because the current state of
the art of nonpoint source pollution control mea
surement did not permit any greater precision.

Alternative Simulation Results: Simulated water
qUalIty under plan year 2000 conditions were
described in the previous section and indicated that
substandard water quality conditions could be
expected for fecal coliform organisms, dissolved
oxygen, and ammonia-nitrogen at various locations
throughout the watershed. The simulation model
studies indicated that a 25 percent reduction in
nonpoint source pollutant loads, applied to both
the rural and urban areas of the watershed under
plan year 2000 conditions, may be expected to
result in overall reductions in fecal coliform
bacteria, biochemical oxygen demand, ammonia
nitrogen and phosphorus levels. Dissolved oxygen
levels were generally found to increase as a result
of the reduction in biological and chemical oxygen
demanding materials and dissipation of bottom
sediment oxygen demand that is attributed to
long-term deposition of organic material from
point and nonpoint sources. 10 Of the five con
stituents for which standards were adopted-tem
perature, dissolved oxygen, ammonia-nitrogen,
phosphorus, and fecal coliform-only two were
found to be within the recommended levels of
water quality achievement with a 25 percent reduc
tion in nonpoint source loadings. These constitu
ents are temperature and phosphorus. However,
although the simulation model results indicated
that values for ammonia-nitrogen and dissolved
oxygen may not be within acceptable levels, an
additional review of the relationship of these pol
lutants with other stream parameters such as pH
and temperature, indicated that the expected
violations of the dissolved oxygen and ammonia
nitrogen standards would not be significant. The
simulation model study results are interpreted and
discussed in the following sections and are sum
marized on Map 78, which indicates the full
achievement of the recommended water use 0 bjec
tives and supporting standards in all 39 miles of
stream studied in the watershed.

10 It should be noted that the reach of the Pike
River from CTH KK to 8TH 11 was dredged in
1977 by the Town of Mt. Pleasant for purposes
of drainage maintenance. This dredging should
have benefited dissolved oxygen concentrations
in this reach by removing oxygen-demanding
benthic sediments.

Dissolved oxygen levels at only one of the seven
output locations showed achievement levels of
significantly less than the recommended 95 percent
level. This output location is on the Pike River
downstream of the abandoned Sturtevant sewage
treatment plant and upstream of Chicory Creek.
An investigation of the input data and the calcu
lations that affect simulated instream dissolved
oxygen indicated that the level of dissolved oxygen
at this site is substantially dependent upon the
reduction in sediment oxygen demand which
would be associated with reduced point and non
point source loadings. Sediment oxygen demand
for this reach of stream was reduced in proportion
to the reduction of nonpoint source loadings; how
ever, the removal of a substantial point source load
from the Sturtevant sewage treatment plant may
be expected to result in a substantially higher
reduction in sediment oxygen demand not reflected
in the simulation results since there is no precise
method of estimating the reduction in sediment
oxygen demand. Based upon the frequency analy
ses, it was concluded that a 25 percent reduction
in nonpoint source pollutant loadings may be
expected to achieve the dissolved oxygen standard
at output site number 1. Further site-specific
investigation of the effects of abandonment of the
Sturtevant sewage treatment plant on sediment
oxygen demand would be required before addi
tional practices for nonpoint source pollution con
trolcould be responsibly recommen<;led.

Simulation results, supported by historic water
quality sample data, indicate that there are exces
sive nutrient concentrations in the Pike River main
stem. However, under plan year 2000 conditions
with point source control, all output locations
showed acceptable levels of phosphorus.

As noted in Chapter X, the level of ammonia
nitrogen that is considered to be toxic to fish and
other aquatic life is based upon the un-ionized
form of ammonia-nitrogen. The concentration of
un-ionized ammonia is dependent upon instream
pH and temperature conditions, as well as the
concentration of total ammonia. The level of
un-ionized ammonia decreases with decreasing
pH, temperature, or total ammonia concentration.
The recommended total ammonia-nitrogen stan
dard of 0.40 mg/l used in this evaluation is based
on the estimate that a toxic level of un-ionized
ammonia-nitrogen of 0.02 mg/l will occur at this
total ammonia concentration at a pH of 8.0 stan
dard units and temperature of 750 F. An investiga
tion of historic pH levels that have been measured
for various locations along Pike Creek indicates
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Map 78

WATER QUALITY SIMULATION RESULTS FOR THE PIKE RIVER WATERSHED: FORECAST YEAR
(20001 LAND USE CONDITIONS ASSUMING PLANNED POINT SOURCE POLLUTION ABATEMENT

MEASURES AND THE REQUIRED LEVEL OF NONPOINT SOURCE POLLUTION ABATEMENT
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STREAM REACHES T!'<AT WOULD
MEET THE WATER QUAL.ITY STANOlioRDS
rOR ""ISHABLE _SWIMMABLE" WATERS
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Simulation model studies were conducted to estimate
the probable future water quality conditions in the
watershed by the year 2000 if a combined point source
and nonpoint source pollution control effort was
implemented. The alternative identified a practical
and cost-effective combination of both point and non·
point source controls. Under this alternative, it is
estimated that water quality conditions throughout
the watershed could support the fishable'swimmable
water quality criteria.
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that average pH levels are somewhat less than the
estimated regional average pH values of 8.0 stan
dard units. This slightly lower pH value, known to
exist in Pike Creek, would allow concentrations
of total ammonia greater than 0040 mg/l with
out imposing toxic levels of un-ionized ammonia
nitrogen on fish and other aquatic life. Thus the
0040 mg/l standard for ammonia-nitrogen is in this
case considered to be a conservative level of con
trol indicating that the simulated 91 and 93 per
cent achievement levels for total ammonia should
more than satisfy the recommended standard of
0.02 mg/l of un-ionized ammonia 95 percent of
the time.

It has been established that fecal coliform levels
are consistently high throughout the watershed.
Simulation results indicate that although nonpoint
source control substantially reduces levels of fecal
coliform bacteria, reduction in nonpoint source
loads will not satisfy the recommended 90 percent
achievement level at three of the seven output
sites. Based on these results it would be necessary,
in order to meet the agreed-upon water use objec
tives, to design the specific nonpoint source man
agement practices to assure very high levels of
control of nonpoint sources of fecal coliform
bacteria. The high levels of control required are
achievable by the control of malfunctioning private
sewage disposal systems and livestock wastes.
These are the predominant sources of fecal coli
form bacteria and, therefore, basic controls of
these sources would achieve a very high level of
reduction in bacteria levels.

Based on the foregoing, it is apparent that for dis
solved oxygen, phosphorus, and ammonia-nitrogen,
only a 25 percent reduction in nonpoint source
loadings would be required to achieve the applic
able standards. In excess of a 50 percent reduction
in fecal coliform bacteria from nonpoint sources
is required in order to achieve the fecal coli
form standard.

Other Considerations: In addition to those constitu
ents represented in the water quality submodel, the
application of diffuse source control measures may
be expected to result in the reduction of other con
stituents, including toxic substances and sediment
which accumulate on the land surface and are
washed off during rainfall or snowmelt events.
Since some toxic substances form an association
with fine soil particles in a manner similar to phos
phorus, it is estimated that the reduction in toxic
substances from diffuse sources would be similar

to that of phosphate-phosphorus, as shown in
Table 99. Much of the sediment transported in the
Pike River watershed originates from agricultural
areas where the soil is periodically exposed, from
streambed erosion, and from construction sites
where the land surface has been disturbed. Agri
cultural soil conservation measures and construc
tion erosion control measures are quite effective
in reducing sediment contributions from these
sources. Reductions in excess of 50 percent may be
achieved from these measures.

Alternative Nonpoint Source Control Measures
The selection of nonpoint source pollution control
measures at the systems planning level involves
consideration of the character, extent, and severity
of the identified water quality problems in relation
to the available control measures. Measures must
be selected to assure the necessary level of control
at the least cost. Control measures that are avail
able for nonpoint sources in the Pike River water
shed are summarized in Table 100. Costs of the
diffuse source pollution control measures were
estimated based on the information presented in
SEWRPC Technical Report No. 18, State of the
Art of Water Pollution Control in Southeastern Wis
consin, Volume Three, Urban Storm Water Runoff,
and Volume Four, Rural Storm Water Runoff.

The simulation model studies indicated that a sub
stantial improvement in the surface water quality
can be achieved under the design year 2000 plan
ned land use conditions through: 1) abandonment
of two municipal sewage treatment plants in the
Pike River watershed, and 2) a 25 percent reduc
tion in the runoff rates of various potential pollu
tants through implementation of nonpoint source
management measures. The simulation model
results indicate that a 25 percent nonpoint source
pollutant reduction will allow the achievement of
the water quality standards for ammonia-nitrogen,
phosphorus, and dissolved oxygen, and that
a 50 percent reduction is required to achieve the
fecal coliform standard. Relatively higher levels of
control specific to the reduction of fecal coliform
bacteria, accordingly, may be expected as a result
of the application of septic tank system manage
ment and livestock waste control minimum prac
tices. Continuous flow simulation under the
postulated future conditions in the watershed
indicated that implementation of the "minimum
practices" set forth in Table 100 may be expected
to result generally in the achievement of the tem
perature standard all of the time, the dissolved
oxygen and ammonia-nitrogen standards at least
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Table 100

ALTERNATIVE GROUPS OF NONPOINT SOURCE WATER POLLUTION CONTROL
MEASURES PROPOSED FOR STREAM WATER QUALITY MANAGEMENT IN THE PIKE RIVER

WATERSHED UNDER THE AREAWIDE WATER QUALITY MANAGEMENT PLAN

Pollution Level of Practices to Control Practices to Control
Control Pollution Nonpoint Source Pollution Nonpoint Source Pollution

Category Controra from Urban Areasb from Rural Areasb

Minimum or Variable Public education programs, litter and pet Public education programs, fertilizer and
Low-Cost waste control, restricted use of pesticide management, critical area
Nonpoint fertilizers and pesticides, construction protection, crop residue management,
Source erosion control, septic tank system chisel tillage, pasture management,
Control management, critical area protection, contour plowing, livestock waste
Practices improved timing and efficiency of control, construction erosion control

street sweeping, leaf collection, and
catch basin cleaning, material storage
facilities and runoff controlc

Additional 50 Percent Above, plus: increased street sweeping,d Above, plus: crop rotation, contour
Nonpoint improved street maintenance and refuse strip-cropping, grass waterways,
Source collection and disposal, increased catch diversions, wind erosion controls,
Control basin cleaning, stream protection, terraces, stream protection
Practices increased leaf and vegetation debris

collection and disposal

75 Percent Above, plus: an additional increase in Above, plus: base-of-slope detention
street sweeping, use of onsite storm- storage
water storage measures in residential
areas, parking lot stormwater runoff
storage and treatment, use of urban
stormwater storage facilities

More Than Above, plus: urban stormwater Bench terracese

75 Percent treatment with physical-chemical
and/or disinfection treatment measures

a The required level of nonpoint source reduction is identified from the water quality analyses. The percent reduction refers to the portion of

pollutant runoff from urban or rural land which can be controlled by the implementation of those practices.

bGroups of practices are presented here for general analysis purposes only. Not all practices are applicable to, or recommended for, all parts of
the Pike River watershed. For costing purposes, construction erosion control practices, public education programs, and material storage facili
ties and runoff control are considered urban control measures and stream protection is considered a rural control measure.

cIncludes urban stormwater runoff detention and storage, and infiltration measures.

dOn the average, sweep all streets in urban areas an equivalent of once or twice a week with vacuum street sweepers; require parking restrictions
to permit access to curb areas; sweep all streets at least eight months per year; sweep commercial and industrial areas with greater frequency
than residential areas.

eThe provision of bench terraces would render unnecessary the application of other conservation practices.

Source: SEWRPC.
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95 percent of the time, and the phosphorus stan
dard at least 90 percent of the time. In addition,
Commission staff analyses indicate that the fecal
coliform standard should be achieved about
90 percent of the time by application of mini
mum practices.

The purpose of this section of the chapter is to
identify and briefly describe practical land manage
ment measures capable of achieving the necessary
minimum levels of nonpoint source pollution con
trol, thus reducing the transport of pollutants from
the land surface to the watershed system. Land
management measures are closely related to land
use in that there is one set of land management
measures generally suitable for urban lands and
another, quite different, set of land management
measures generally suitable for agricultural or
rural lands.

Control of Runoff from Urban Lands: The 10 urban
nonpoint source pollution control measures referred
to as minimum practices in Table 100-public
education programs, litter and pet waste control,
restricted use of fertilizers and pesticides, construc
tion erosion control, septic tank system manage
ment, critical area protection, improved timing and
efficiency of street sweeping, leaf collection, catcq
basin cleaning, and industrial and commercial mate
rial storage facilities and runoff control' L are appli
cable to existing and proposed urban areas of the
Pike River watershed. Since substantial urban devel
opment may be expected to occur within the
watershed over the next two decades, control of
the erosion from construction areas will be, in
particular, an effective measure. Effective manage
ment of the remaining septic tank systems is also
anticipated to be of importance due to the exces
sive instream concentrations of fecal coliform
bacteria that are known to exist in the stream
system of the watershed.

Control of Runoff from Rural Lands: The nine
rural nonpoint source pollution control measures
referred to as minimum practices in Table 100
public education programs, fertilizer and pesticide
management, critical area protection, crop residue
management, conservation tillage, pasture manage
ment, contour plowing, livestock waste control,

" Runoff control refers to the conveyance, deten-
tion, or infiltration of storm water runoff from
these areas so as to minimize the discharge of
pollutants to surface waters.

and construction erosion control-are applicable
to rural areas of the Pike River watershed. Again,
due to the high levels of fecal coliform bacteria
that are known to exist throughout the stream
system of the watershed, particular emphasis
should be given to livestock waste control measures.

Other Pollution Control Measures: Although reduc
tions in diffuse source loadings, through measures
described above, may be expected to provide the
necessary surface water quality improvement for
most pollutants, some additional control measures
will be necessary in order to achieve water use
objectives for the Pike River watershed. These mea
sures include additional nonpoint source controls
more specific than the minimum practice measures
suggested above. The elimination of toxic and
hazardous substances from surface waters in the
Pike River watershed is essential to the develop
ment of any fishery. The implementation of diffuse
source pollution control measures discussed above
will provide some reduction of the pesticides and
sediment-associated urban toxic substances broadly
distributed over the land surface. Accidental spills
with attendant intermittent discharges through
surface runoff, as well as floor drains connected to
surface water and surface drainage systems, how
ever, are another source of toxic and hazardous
substances which should be controlled. The estab
lishment of spill prevention and control plans
should be developed for all situations under which
such spills could occur. Floor drains and drainage
pumps in industrial facilities which collect grease,
oil, chemical, and other toxic and hazardous sub
stances, should be altered, as necessary, to elimi
nate discharge to storm sewers and surface water
courses. Possible alternatives include discharge to
sanitary sewer systems for treatment at, and dis
posal through, public sewage treatment plants, pre
treatment prior to discharge, or elimination of the
discharge entirely through process modifications.

Costs: The full implementation of the minimum
levels of nonpoint source control, as set forth in
Table 100, is estimated to have a total capital cost
of about $8.5 million, and an average annual oper
ating and maintenance cost of about $152,000, for
a total average annual cost of $577 ,000 over the
20-year planning period. Of this total, $422,000,
or 73 percent, is related to construction erosion
control. Capital and operation and maintenance
costs for the proposed nonpoint source control
measures are set forth in Table 101. The estimated
capital operation and maintenance costs for the
abatement of the point sources of water pollu-

487



Table 101

ESTIMATED COST OF DIFFUSE SOURCE POLLUTION CONTROL MEASURES FOR THE PIKE RIVER WATERSHED

Estimated Costa

Total Average Annual

Diffuse Source Capital Operation and

Pollution Control Measures (1980-2000) Maintenance

Urban

Septic System Managementb .......... · ... $ -- $ --
Low-Cost Urban Diffuse Source Controlsc

· . · . · . Minimal 24,000
I ndustrial and Commercial Material

Storage Facilities and Runoff Control Measures · .. 1,128,000 Minimal

Construction Erosion Control Practices. · ... · .. 7,261,000 59,000

Subtotal $8,389,000 "$ 83,000

Rural
Minimum Conservation Practicesd . . . · . · ... $ 10,000 $ 60,000
Livestock Waste Control. . . . . . . ~ .. · . · ... 110,000 9,000

Subtotal $ 120,000 $ 69,000

Total $8,509,000 $152,000

aCosts expressed in January 1980 dollars; "Engineering News Record" cost construction index of 3131.

b The proper maintenance and replacement of the remaining septic tank systems are recommended to help improve the water quality of the
Pike River watershed. However, because septic tank systems management is an existing function necessary for the preservation of public
health and the protection of private drinking water supplies, this cost is not included in the water quality management plan. The estimated
expenditures for septic system management for the stream plan element include a capital cost over the period of 1980-2000 of $1,583,000,
and an average annual operation and maintenance cost of $49,000.

cLow-eost urban controls include pet waste and litter control; fertilizer and pesticide use restrictions; public education programs; improved
timing and efficiency of street sweeping, leaf collection, and catch basin cleaning; and critical area protection.

dMinimum conservation practices include crop residue management, conservation tillage, pasture management, contour plowing, fertilizer and
pesticide management, and critical area protection.

Source: SEWRPC.

tion-including abandonment of public and private
sewage treatment plants, elimination of separate
sanitary sewer flow relief devices, and control of
sources of industrial wastewater-as well as for the
abatement of nonpoint sources, are not included
in the comprehensive watershed plan costs because
the water quality management costs were devel
oped and are set forth in the regional water quality
management plan.

WATER QUALITY MONITORING PROGRAM

As discussed in Chapter VII of this report, a variety
of surface water quality monitoring programs have
been carried out within the Pike River watershed.
These monitoring programs include, but are not
limited to, periodic basin surveys by the Wisconsin
Department of Natural Resources, beginning in
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1955; a Commission water quality study conducted
in 1964 to 1965; a Commission continuous water
quality monitoring program conducted from 1968
to 1976; and a survey of toxic and hazardous sub
stances conducted by the Wisconsin Department of
Natural Resources in 1975 and 1976. These studies
were conducted for several specific purposes and
include samples of specific constituents as indica
tors of water quality conditions.

A well-planned and executed water quality moni
toring program can serve two important functions
for the water quality management plan element of
a comprehensive plan for the Pike River watershed.
First, water quality monitoring can perform a sur
veillance function in that periodic sampling and
analysis of the stream system can detect undesir
able levels of pollutants and help to determine the



probable source and thereby facilitate corrective
action. Second, the water quality monitoring effort,
using historic and existing data as a benchmark,
can be used to demonstrate and document improve
ments in the water quality of the Pike River water
shed as recommended plan elements are imple
mented. As part of the Commission's continuing
regional water quality management planning pro
gram, a prospectus for water quality monitoring
in the Region is scheduled for preparation in 1983,
relying upon the guidance of a special advisory
body including technical water quality monitor
ing expertise, as well as potential financial sup
port agencies.

SUMMARY

A careful examination of the available water
quality data for the Pike River watershed stream
system for the period from 1955 through 1977
indicates that polluted conditions exist or have
existed over extended periods of time for virtually
all of the watershed. Toxic, organic, nutrient,
pathogenic, sediment and aesthetic pollution are
all known to exist in the surface waters of the Pike
River watershed. These problems are attributed
primarily to five sources: municipal sewage treat
ment facilities, sanitary sewerage system flow relief
devices, industrial wastewater discharges, urban
nonpoint sources, and rural nonpoint sources.
As of 1975 municipal sewage treatment plants
accounted for about 4 percent of the total nitro
gen, 6 percent of the total phosphorus, 5 percent
of the biochemical oxygen demand, 51 percent of
the fecal coliform and less than 1 percent of the
sediment. Sanitary sewerage system flow relief
devices accounted for about 2 percent of the fecal
coliform, and a negligible fraction of the other four
pollutants studied. Industrial wastewater discharges
contributed a very small fraction of the five con
ventional pollutants studied. Urban nonpoint
sources accounted for about 19 percent of the
total nitrogen, 67 percent of the total phosphorus,
50 percent of the total of the biochemical oxygen
demand, 22 percent of the fecal coliform, and
50 percent of the total sediment. Rural nonpoint
sources accounted for about 77 percent of the
total nitrogen, 26 percent of the total phosphorus,
44 percent of the total of the biochemical oxygen
demand, 25 percent of the total fecal coliform, and
50 percent of the total sediment.

Substantial efforts have already been initiated to
abate these sources of pollution. In accordance
with the recommendations contained within the

adopted regional water quality management plan
for southeastern Wisconsin, the two municipal
sewage treatment plants located within the water
shed are recommended to be abandoned, as is one
private sewage treatment plant. These facilities are
proposed to be connected to the public sewage
treatment facilities of the Cities of Racine and
Kenosha. In addition, it is recommended that all
sanitary sewerage system flow relief devices be
abandoned through the institutional mechanism
of the Wisconsin Pollutant Discharge Elimination
System (WPDES). That system also is expected to
provide the institutional means to monitor and
control wastewater discharges from industrial
sources. Progress has also been made with regard
to nonpoint source pollution control through the
farmland preservation planning efforts of Racine
and Kenosha Counties and concerning the devel
opment of countywide sanitary ordinances. These
efforts include the refined delineation of primary
environmental corridor lands within the two coun
ties. The various local efforts are expected to result
in long-term positive benefits for nonpoint source
pollution control.

The water quality management plan element of
the Pike River watershed planning program was
conducted within the framework of several over
all guiding assumptions. First, the water quality
analyses and water quality management plan design
efforts accept as committed actions the eventual
abandonment of two municipal and one remaining
private sewage treatment plants. Second, the water
quality analyses and plan design efforts accept as
committed actions the eventual elimination of all
sanitary sewerage system flow relief devices in the
watershed, since their elimination may be expected
to occur in an orderly way under the provisions of
WPDES. Third, the/water quality analyses and plan
design efforts accept as committed the continued
discharge of noncontact cooling waters from indus
trial wastewater sources to the surface water
system, discharges which presently have a very
small impact on water quality. Accordingly, all
excessive pollutant loads from industrial sources
are eliminated in the analysis.

A series of water quality simulation model studies
were conducted under existing and various possible
future development conditions and water quality
management measures in the watershed. This
approach served to demonstrate quantitatively the
likely consequence of committed and alternative
future water quality management measures. The
simulation model studies indicate that elimination
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of the two municipal sewage treatment plants and
one private sewage treatment plant under the year
2000 land use conditions, without any further
nonpoint pollution abatement measures, may be
expected to yield the following water quality
impacts. Temperature levels throughout the water
shed which presently meet standards may be
expected to remain essentially unchanged. Dis
solved oxygen levels on the Pike River upstream of
the confluence of Pike Creek may be expected to
exhibit significant increases due to elimination of
the Sturtevant and St. Bonaventure sewage treat
ment plant discharges. Dissolved oxygen levels may
also be expected to be slightly improved in the
downstream reaches of the Pike River. Orthophos
phate-phosphorus .concentrations are also expected
to be substantially reduced throughout the water
shed. Substantial decreases of ammonia-nitrogen
concentrations may be expected in the Pike River
immediately downstream of the abandoned muni
cipal treatment facilities, with some lesser decreases
expected in the lower reaches of the Pike River.
Fecal coliform levels may be expected to slightly
improve throughout the watershed. Despite these
very significant point source-related water quality
improvements, it is not expected that the surface
water system of the Pike River watershed would
fully achieve the applicable water quality standards
in the absence of nonpoint source control measures.

The simulation model studies further indicated
that nonpoint source control measures are needed
to achieve the water quality standards attendant
to the water use objectives for maintenance of
a warmwater fishery and full recreational uses of
all the streams of the watershed. The analyses
indicated that minimum practices for nonpoint
source pollution control in urban and rural areas
would be required throughout the watershed in
order to meet water use objectives and supporting
water quality standards set forth in this report.
Particular emphasis must be placed upon control
measures that abate fecal coliform bacteria pollu
tion. In urban areas, such emphasis will require
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public education programs, litter and pet waste
control, sound use of fertilizers and pesticides,
construction erosion control, septic tank system
management, critical area protection, improved
timing and efficiency of street sweeping, leaf col
lection and catch basin cleaning, materials storage
facilities and storm water runoff control. With
respect to nonpoint source pollution control from
rural areas, it is recommended that emphasis be
placed upon public education programs, fertilizer
and pesticide management, critical area protection,
crop residue management, conservation tillage, pas
ture management, contour plowing, and livestock
waste control.

A water quality monitoring program should be
developed for the watershed within the context of
the regional water quality monitoring program to
be developed by the Commission as part of its con
tinuing water quality management planning effort.
The monitoring program should seek to determine
and document actual changes in surface water
quality in response to plan implementation actions,
and to provide surveillance data to detect and
locate continued undesirable levels of pollution.

Based upon the analyses conducted as part of the
Pike River watershed study, it may be concluded
that the application of the committed and plan
ned point source pollution abatement measures,
together with the application of minimum non
point source pollution abatement measures, can
result in the full attainment of the fishable
swimmable water use objectives and supporting
water quality standards in all of the 39 stream
miles studied within the Pike River watershed.
The nonpoint source pollution control measures
along with the abatement of point source pollution
would assure the achievement of safe and healthful
water quality conditions to support the protection
and maintenance of a sound aquatic habitat, as
well as the assurance of a safe and healthful human
environment within the Pike River watershed.



Chapter XIV

RECOMMENDED COMPREHENSIVE PLAN

INTRODUCTION

The comprehensive plan for the Pike River water
shed is comprised of three major elements:
1) a land use base element, including open space
preservation and outdoor recreation subelements;
2) a supporting floodland management element
composed of structural and nonstructural subele
ments; and 3) a supporting water quality manage
ment element composed of various point and
diffuse source pollution abatement subelements.
The land use base element is based upon and
refines and details the adopted regional land use
plan and the adopted regional park and open space
plan. The water quality management plan element
is based upon and refines and details the adopted
regional water quality management plan. The
floodland management plan element was synthe
sized by selecting from among the alternatives
considered the best floodland management mea
sures. This selection was based upon careful
evaluation of the tangible and intangible factors
involved, with primary emphasis upon the degree
to which the various alternatives met the estab
lished watershed development objectives in the
most cost-effective manner.

This chapter presents a description of the recom
mended comprehensive watershed development
plan as synthesized from the best of the alterna
tives considered, together with a presentation of
the basis for the synthesis and an analysis of the
attendant costs. The chapter also contains an
evaluation of the ability of the recommended plan
to meet the adopted watershed development
objectives and standards and discusses the likely
consequences of not implementing the plan. It
should be noted that this chapter presents the
recommended plan as presented for public hearing.
The public reaction to this recommended plan
and the subsequent action of the Pike River
Watershed Committee to adjust the plan as neces
sary are discussed in Chapter XVI of this report.

BASIS FOR PLAN SYNTHESIS

The watershed development objectives which the
comprehensive plan for the Pike River watershed
is designed to meet are set forth in Chapter X of
this report. That chapter also sets forth the stan-

dards for relating these objectives to the physical
development proposals which constitute the plan,
thereby facilitating evaluation of the ability of
each of the alternative plan proposals to meet the
chosen objectives.

The three preceding chapters describe the alterna
tive proposals considered for the resolution of the
water-related problems of the watershed, and iden
tify the best land use, floodland management, and
water quality management alternative for inclusion
in the comprehensive watershed plan. This identifi
cation was based upon careful evaluation of the
various alternative plan elements of technical,
economic, environmental, legal, financial, and
administrative feasibility, as well as on the basis
of the ability to meet the applicable watershed
development objectives and supporting standards.
Figure 62 illustrates the manner in which a plan
element or subelement was sequentially subjected
to several levels of review and evaluation, includ
ing technical and economic feasibility; financial,
legal, and administrative feasibility; and political
acceptability. Devices used to actually test and
evaluate alternative subelements ranged from the
mathematical models used to simulate river per
formance to informal interagency meetings and
formal public hearings.

No single land use or water control facility plan
element can fully satisfy all of the watershed
development objectives. The recommended com
prehensive watershed plan must, therefore, consist
of a combination of individual plan elements, with
each plan element contributing to the extent
practicable toward the satisfaction of the develop
ment objectives. It should be noted that many
of the alternative plan elements were specifically
designed to satisfy certain watershed development
objectives, and therefore the selection from among
the alternatives depended largely upon analysis of
the attendant costs. The various recommended
plan alternatives, as set forth in Chapters XI, XII,
and XIII of this report, are complementary in
nature, and the recommended comprehensive
watershed plan represents a synthesis of carefully
coordinated individual plan elements which
together should achieve most of the adopted water
shed development objectives.
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Figure 62
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This synthesis of the individual plan elements into
a comprehensive plan required further test and
evaluation, including further simulation model
applications and, in some cases, adjustment of the
individual plan elements. Because of the extreme
difficulty, if not impossibility, of expressing all of
the benefits and costs associated with the compre
hensive watershed plan in monetary terms, the
evaluation of the recommended comprehensive
plan has been based primarily on its ability to
satisfy the watershed development objectives and
supporting standards. The economic analyses of
certain of the individual plan elements and subele
ments, however, as set forth in previous chapters of
this report, comprise important inputs to the plan
selection process, particularly where the alterna
tive plan elements or subelements were specifically
designed to meet certain development objectives.

ECONOMICALLY NO
FEASIBLE

?

RECOMMENDED PLAN

Based upon the results of the analyses of the
ability of the various plan elements to satisfy
watershed development objectives and to exhibit
an acceptable benefit-cost ratio, as described in
previous chapters of this report, the specific plan
elements set forth below are recommended for
inclusion in the comprehensive plan for the Pike
River watershed. 1

YES

ENVIRONMENTALLY
ACCEPTABLE

?

YES

NO

Recommended Land Use Plan Element
Overall Land Use: The adopted regional land use
plan, as refined and detailed under the watershed
study, is recommended for adoption as the land
use base element in the Pike River watershed plan
(see Map 44 in Chapter XI). This land use plan
element envisions use of a combination of public
acquisition and public regulation of private hold
ings of land to guide and shape the spatial distribu
tion of land uses within the watershed in order to
achieve a safer, more healthful, more pleasant, and
more efficient land use pattern while meeting the
forecast land use demand requirements. The land
use base emphasizes continued reliance on the
urban land market to determine the location,
intensity, and character of future development

STOP

Source: SEWRPC.

LEGALLY
FEASIBLE

?
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FINANCIALLY
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?

ADMINISTRATiVELY
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?

NO

NO

NO

1A fishery development plan element was prepared
and presented to the watershed committee. The
Committee determined not to include the staff
recommendations pertaining to fishery develop
ment in the recommended plan. In order to fully
document the work conducted, however, the
fishery development element has been reproduced
in Appendix 1. .

within the Region and the watershed for residen
tial, commercial, and industrial land uses. It does,
however, propose to regulate, in the public inter
est, the effect of this market on development in
order to provide for a more orderly and eco
nomical land use pattern and in order to avoid
intensification of developmental and environmen
tal problems within the Region and the watershed.
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Urban Development: Forecasts indicate that the
population of the Pike River watershed may be
expected to increase from the 1970 level of about
24,200 persons to a plan year 2000 level of about
56,300 persons, a 132 percent increase. 2 Employ
ment may be expected to reach approximately
25,200 jobs by 2000, an increase of about 16,900
jobs, or about 240 percent over the 1970 level.
Although the Pike River watershed is still primarily
occupied by rural land uses, with about 37 square
miles, or 72 percent of the watershed devoted to
such uses in 1975, an additional 15 square miles of
land are forecast to be converted from rural to
urban use over the next two to three decades,
a 105 percent increase.

As indicated in Table 81 in Chapter XI of this
report, the recommended land use plan proposes
to add about 8.6 square miles of land to the exist
ing stock of residential land within the watershed
in order to meet the housing needs created by
anticipated shifts in the distribution as well as
growth of population within the watershed, and by
decreasing household size and attendant increase in
the number of dwelling units needed. This new
urban development is proposed to occur primarily
at medium population densities, with gross resi
dential population densities ranging from about
2,900 to about 8,000 persons per square mile. The
new residential development would be located in
areas served, or proposed to be served, by a full
range of public utilities and essential urban ser
vices. The remaining 6.4 square miles of land pro
posed to be converted from rural to urban use
within the watershed by the year 2000 would be
used for commercial, industrial, governmental and
institutional, transportation, communication, and
utility land uses as required to meet the gross
demand for land generated by the anticipated
resident population and employment levels within
the watershed.

Agricultural and Other Open Land Use: As noted
above, the recommended watershed land use plan
would require the conversion to urban use of about
15 square miles of land presently devoted to agri
cultural and other open land uses within the
watershed. The existing stock of such land within

2 Results of the 1980 federal census-which became
available as this plan was nearing completion-indi
cate that approximately 30,500 persons were
residing in the watershed in 1980, an increase of
about 6,300 persons, or about 26 percent, over the
1970 level.

the watershed could, therefore, be expected to
decrease from about 37 square miles in 1975 to
about 22 square miles in the year 2000, a decrease
of 40 percent.

Park and Open Space Plan: As discussed earlier in
this report, a regional park and open space plan
was completed and adopted by the Commission
in 1978 and includes recommendations affecting
the Pike River watershed. The regional park and
open space plan is composed of two principal ele
ments-an open space and natural resource base
preservation plan element, and an outdoor recrea
tion plan element.

The open space preservation plan element recom
mends the continued maintenance and preservation
in essentially open uses of all remaining primary
environmental corridor lands within the Region
and the watershed. The preservation of the primary
environmental corridor in essentially natural open
uses-and thereby the preservation of the attendant
recreational, aesthetic, ecologic, and cultural values
in accordance with regional and watershed develop
ment objectives-is essential to the maintenance of
a wholesome environment within the Region and
the watershed. As shown on Map 44 in Chapter XI
of this report, those corridor lands consist of about
1,189 acres located along the Pike River from the
mouth upstream to and within Petrifying Springs
County Park, along the Sorenson Creek from the
confluence with the Pike River upstream to the
Kenosha-Racine county line, and along the Pike
Creek from the confluence with the Pike River
upstream to CTH E. Of this total, 439 acres, or
about 37 percent, are already publicly owned. An
additional 138 acres, or about 12 percent, are held
in compatible nonpublic outdoor recreation uses.
The plan recommends that the remaining 612 acres,
or 51 percent, ultimately be publicly acquired
through purchase, dedication, or gift.

The outdoor recreation plan element for the
Region and the watershed is composed of:
1) a resource-oriented outdoor recreation com
ponent containing recommendations as to the
number and location of large parks, proposed
recreation corridors to accommodate trail-oriented
activities, and water access facilities; and 2) an
urban-oriented outdoor recreation component
containing recommendations to guide the public
provision of needed local parks and nonresource
oriented recreation facilities within urban areas.
More specifically, with respect to the watershed,
and as shown on Map 44 in Chapter XI, the out
door recreation plan element recommends:
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• Continued maintenance of Petrifying Springs
County Park-a large, general use outdoor
recreation site;

• Development of a seven-mile recreation cor
ridor along the main stem of the Pike River
from Petrifying Springs County Park to Lake
Michigan to be linked to a five-mile Kenosha
Racine county bike trail, and to the pro
posed recreation corridor along the Root
River in Racine County;

• Expansion of Sanders Park in the Town of
Mt. Pleasant through acquisition of 40 addi
tional acres;

• Development of facilities at Sam Poerio Park
in the City of Kenosha;

• Continued maintenance of the four existing
community and neighborhood parks in the
watershed, and the acquisition and devel
opment of 12 new community and neigh
borhood parks as the need for such parks
becomes evident; and

• Development of urban outdoor recreation
facilities for community and neighborhood
parks, the type and quantity of which would
be determined through a joint effort by
county agencies, school districts, and local
community recreation agencies.

The estimated costs for the development and acqui
sition of the proposed parks and related open
spaces, including the cost of acquisition of the
primary environmental corridor lands, are reflected
in the total cost of the regional park and open
space plan and are not, therefore, included in the
implementation cost of the Pike River watershed
plan. The recommended park and open space plan
element would achieve the park, outdoor recrea
tion, and open space preservation objectives and
standards formulated under the watershed study,
meeting the existing and anticipated future recrea
tion needs within the watershed in an efficient and
effective manner.

Recommended Floodland
Management Plan Element
The basic floodland management plan element
recommended for inclusion in the Pike River
watershed plan is nonstructural, consisting of the
land use development proposals contained in the
land use element of the watershed plan. The extent
and placement of incremental urban development
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over the next two decades is critical if intensifica
tion of the existing flooding problems and the
creation of new flooding problems in the water
shed are to be avoided, since such extent and
placement directly affects the hydrologic and
hydraulic behavior of the watershed. In this
respect, preservation of the primary environmental
corridors is of particular importance and affects
not only the hydrologic and hydraulic behavior of
the stream system but also water quality condi
tions. Preservation of all remaining undeveloped
floodlands in natural open uses is critical along
those stream reaches where structural flood
improvements are not recommended. These non
structural floodland management plan elements are
graphically summarized in the recommended land
use and park and open space plan for the water
shed as shown on Map 44 in Chapter XI.

The recommended structural floodland manage
ment plan element for the Pike River watershed~

which complements but is subordinate to the
nonstructural element-is graphically summarized
for the entire· watershed on Map 79. Structural
measures are recommended-in some cases with
conditions described below-for Bartlett Branch,
Somers Branch, Airport Branch and the Tributary
to Airport Branch, Sorenson Creek, Pike Creek, the
Pike River, and the Pike River estuary. No struc
tural measures are recommended for Waxdale
Creek and the tributary to Waxdale Creek, Chicory
Creek, Lamparek Ditch, Nelson Creek, and the
Kenosha Branch. As reported in Chapter XII,
analyses indicated that relatively minor flood
damages occur along these tributaries to the Pike
River. No practical, cost-effective flood control
plans could be developed to resolve these minor
flooding problems and, accordingly, no structural
measures are recommended along these streams.
It is important, however, that public land use con
trols be exercised so as to prohibit the location of
new flood-damage-prone land use development in
the floodlands concerned.

The Pike River Watershed Committee gave careful
consideration to the relationship between the
recommended watershed land use plan and the
recommended watershed flood control plan. As
a matter of policy, the Watershed Committee
recommended that all flood control works be
designed based upon anticipated flood flows and
stages under land use development conditions as
reflected in the watershed land use plan. The
Committee further recommended that, should
any local unit of government subsequently deter
mine to permit new urban development in those
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portions of the watershed not recommended for
urban development in the watershed land use plan,
as a matter of policy such development should be
permitted only upon the condition that storm
water runoff from the developed land not exceed
runoff under predevelopment conditions.

In making the foregoing policy recommendation,
the Watershed Committee considered the policy of
the Town of Mt. Pleasant to utilize onsite storage
to ensure that runoff from developing areas in the
Town not exceed such runoff under predevelop
ment conditions. The analyses conducted under
the watershed study indicated that, while such
a policy may, in some site specific situations, have
local stormwater drainage benefits, the flood
control benefits were marginal. In this respect,
as indicated in Table 102, with the exception of
one location each on the Bartlett Branch, Nelson
Creek, and Waxdale Creek-all streams with small
catchment areas-increases in flood stages atten
dant to undetained flows from incremental urban
development may be expected to be limited to less
than one foot, well within the limits of the normal
freeboard provisions attendant to flood control
works. Moreover, the Committee believed that the
preparation of a floodland management plan ele
ment, under an assumption that flood flows in the
Upper Pike River subwatershed-which is com
prised largely of the Town of Mt. Pleasant-would
not exceed flood flows under current development
conditions, would entail an unacceptable risk for
the following reasons:

1. The long-term commitment of the Town of
Mt. Pleasant-or any other local unit of
government-to an onsite detention policy
must be considered uncertain. While the
current officials may favor such a policy,
there is no assurance to downstream com
munities that future governing bodies will be
similarly inclined.

2. The practicality of applying an onsite deten
tion policy to each and every increment of
urban land development in the watershed
is unlikely. While such a policy is relatively
easy to apply to large development pro
posals, it is much more difficult to apply
to smaller increments of land development.
Accordingly, as a practical matter, it is likely
that, despite the best efforts of the local
unit of government concerned to apply an
onsite detention policy uniformly through
out a community, flood flows may be
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expected to increase. The extent of such
an increase cannot be determined in advance
in a systems planning effort. Rather, the
systems planning effort can only assume
that future flood flows will reflect planned
land use development conditions absent any
such policy.

3. Analyses conducted under the watershed
study indicated that the recommended flood
control works on that reach of the Upper
Pike River through the Town of Mt. Plea
sant would not differ significantly whether
designed with or without onsite detention.
The channel improvement and bridge replace
ment recommendations for the Upper Pike
River would be only marginally more costly
about 12 percent-under an assumption that
onsite detention is not provided. Given the
uncertainties attendant to the future applica
tion of an onsite detention policy and its
applicability to each and every increment of
new urban development, it was the judg
ment of the Watershed Committee that the
plan should be set forth under an assump
tion of increased flood flows from areas
proposed for urban development in the
upper watershed.

The foregoing findings and recommendations from
the Watershed Committee relative to this matter
are not intended to inhibit the Town of Mt. Plea
sant or any other watershed municipality from
implementing a policy of onsite detention on a site
specific basis. Rather, it simply means that the
Watershed Committee recommends that the policy
be applied on a case-by-case, site-specific basis and
that individual benefit-cost analyses be undertaken
in each instance to determine whether or not it
is economically and fiscally viable to apply the
policy. There may be instances where application
of the policy will from a drainage, as opposed to
a flood control, perspective be cost-effective. On
the other hand, there may be instances where
the application of the policy would not be cost
effective in terms of decreasing the cost of drainage
improvements, in which case the policy should not
be applied.

Specific Recommended Structural Measures for
Flood Damage Abatement: The following specific
structural measures are recommended for inclusion
in the Pike River watershed plan. These measures
are presented by the three subwatersheds identified
in the planning process: Pike Creek, Upper Pike
River, and Lower Pike River.



Table 102

100-YEAR RECURRENCE INTERVAL FLOOD DISCHARGES AND STAGES AT SELECTED
LOCATIONS IN THE PIKE RIVER WATERSHED: EXISTING LAND USE AND EXISTING

CHANNEL CONDITIONS AND PLANNED LAND USE AND PLANNED CHANNEL CONDITIONS

Planned Land Use and Planned Land Use and
Planned Channel Conditions Planned Channel Conditions

(Assuming No Provision (Assuming the Provision
Existing of Onsite Stormwater of Onsite Stormwater

Land Use and Detention Facilities in Detention Facilities in
Channel Conditions the Town of Mt. Pleasant) the Town of Mt. Pleasant)

Peak Flood Peak Flood Peak Flood Peak Flood Peak Flood Peak Flood
Discharge Stage Discharge Stage Discharge Stage

Location (cfs) (feet, NGVD) (cfs) (feet, NGVD) (cfs) (feet, NGVD)

Lower Pike River
Confluence with Lake Michigan... 3,720 581.0 4,120 581.0 4,120 581.0
CTH E/12th Street .......... 3,880 595.7 4,210 595.3 4,210 595.3
CTH A/7th Street........ ... 3,650 600.4 4,500 601.8 4,500 601.8
CTH G/Wood Road....... ... 3,080 617.1 4,490 618.1 4,490 618.1
Downstream of Confluence

with Pike Creek ........ ... 3,320 644.4 4,200 645.3 4,310 645.4

Upper Pike River
Upstream of Confluence

with Pike Creek ........... 2,550 644.7 3,260 645.6 3,410 645.7
CTH KR/County Line Road..... 2,440 657.7 3,475 652.4 3,210 652.1
Braun Road .............. 2,020 666.6 3,800 662.2 2,920 661.9
STH 11/Durand Avenue .... ... 1,660 669.2 3,330 667.3 2,465 667.3
STH 20/Washington Avenue.... 980 680.6 1,605 675.8 1,130 676.4
Upstream of Confluence

with Bartlett Branch ...... 450 684.9 420 680.8 560 680.8

Pike Creek
Upstream of Confluence

with Pike River ........ ... 1,150 644.7 2,750 645.0 2,750 645.0
CTH E/12th Street .......... 1,250 664.0 2,750 662.2 2,750 662.2
CTH L/Lichter Road ......... 1,250 672.5 2,650 670.3 2,650 670.3
STH 142/S. 43rd Street ....... 740 676.9 2,650 672.8 2,650 672.8
CTH K/60th Street. ......... 610 682.5 1,600 676.4 1,600 676.4

Bartlett Branch
Upstream of Confluence

with Pike River .......... 365 684.9 590 685.6 365 684.9
Stuart Road .............. 465 687.3 800 689.1 465 687.3
Spring Street ............. 285 689.0 610 692.7 285 689.0

Waxdale Creek
Upstream of Confluence

with Pike River ...... ..... 270 669.4 295 670.7 270 669.4
Chicago, Milwaukee, St. Paul &

Pacific Railroad Company .. .. 570 677.4 720 677.7 570 677.4
90th Street ... .... .... .. 420 690.9 630 691.6 420 690.9

Ch icory Creek
Upstream of Confluence

with Pike River ........... 140 668.2 140 668.2 140 668.2
Chicago & North Western

Transportation Company ..... 140 674.7 140 674.7 140 674.7
90th Street ........... .. . 115 686.0 115 686.0 115 686.0

Lamparek Ditch
Upstream of Confluence

with Pike River ........ ... 220 659.6 220 659.8 220 659.8
90th Street . . . . . . . . . . . . . . 170 683.0 170 683.0 170 683.0
Chicago, Milwaukee, St. Paul &

Pacific Railroad Company ..... 140 703.2 140 703.2 140 703.2
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Table 102 (continued)

Planned Land Use and Planned Land Use and

Planned Channel Conditions Planned Channel Conditions

(Assuming No Provision (Assuming the Provision

Existing of Onsite Stormwater of Onsite Stormwater

Land Use and Detention Facilities in Detention Facilities in

Channel Conditions the Town of Mt. Pleasant) the Town of Mt. Pleasant)

Peak Flood Peak Flood Peak Flood Peak Flood Peak Flood Peak Flood

Discharge Stage Discharge Stage Discharge Stage

Location (cfs) (feet, NGVD) (chI (feet, NGVD) (cfs) (feet, NGVD)

Somers Branch
Upstream of Confluence

with Pike Creek ........... 215 65B.6 320 659.3 320 659.3

CTH EA/90th Street ......... 220 675.1 280 675.8 280 675.8

Chicago, Milwaukee, St. Paul &
Pacific Railroad Company ..... 160 693.4 560 695.3 560 695.3

Airport Branch
Upstream of Confluence

with Pike Creek ........... 355 676.9 1,570 668.8 1,570 668.8
Chicago, Milwaukee, St. Paul &

Pacific Railroad Company ..... 655 679.3 1,570 674.9 1,570 674.9

Nelson Creek
Upstream of Confluence

with Sorenson Creek ........ 145 601.1 235 601.3 145 601.1

CTH KR/County Line Road..... 130 617.6 255 619.3 130 617.6

Sorenson Creek
Upstream of Confluence

with Pike River ........... 860 600.6 1,080 600.6 860 600.6
Upstream of Confluence

with Nelson Creek ......... 900 601.1 1,130 601.3 900 601.1

CTH KR/County Line Road..... 940 617.0 1,240 617.2 940 617.0

Chicory Road ............. 740 637.2 835 637.2 740 637.2

Kenosha Branch
Upstream of Confluence

with Pike River ........... 310 586.5 440 586.9 440 586.9

CTH Y /22nd Avenue ......... 395 617.3 735 620.9 735 620.9

Source: SEWRPC.

Pike Creek Subwatershed: Within this subwater
shed structural measures for flood control are
recommended for the Pike Creek, for the Somers
Branch, and conditionally recommended for the
Airport Branch and Tributary to Airport Branch.
Summary data pertaining to the costs and benefits
of the recommended flood control measures in
the Pike Creek subwatershed are set forth in
Table 103. These measures are as follows:

1. Channel cleaning and debrushing activities
along the 1.8-mile reach of Pike Creek
extending from the confluence with the
Pike River upstream to the confluence with
Somers Branch as indicated on Map 80. This
reach of the Pike Creek begins in Petrifying
Springs County Park and extends west and
south of STH 31 through the Hawthorne
Hollow Nature Preserve. This stream reach is
included within a primary environmental
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corridor. The channel cleaning and debrush
ing activities recommended to be undertaken
can be accomplished in a manner compatible
with preserving and protecting the natural
environment in that corridor.

2. Major channel improvements, including chan
nel widening and deepening, along that reach
of Pike Creek extending from the confluence
with Somers Branch upstream to STH 158,
a distance of about 4.1 miles (see Map 80).
The channel would be lowered by an average
of about five feet, would have a bottom
width of about 20 feet, and would have side
slopes of one on three. The new channel
would be turf lined. Except for a very short
segment between the confluence with
Somers Branch and CTH E, these channel
improvements do not lie within a primary
environmental corridor, nor would any sig
nificant wetlands be destroyed.



3. Major channel improvements, including chan
nel widening and deepening, along that reach
of Pike Creek extending from STH 158
upstream to CTH K, a distance of about
0.6 mile as indicated on Map 80. The chan
nel would be lowered by an average of about
eight feet, would have a bottom width of
about 10 feet, and would have side slopes of
one on three. The channel would be turf
lined. No primary environmental corridor
nor significant wetlands lie along this reach.

4. The construction of a defined channel for
that reach of the Pike Creek extending
upstream of CTH K for nearly one mile as
indicated on Map 80. This newly defined
turf-lined channel would have a bottom
width of about 10 feet from CTH K upstream
to the Chicago, Milwaukee, St. Paul & Pacific
railroad bridge and side slopes of one on
three. The existing drainageway would be
deepened by an average of about 11 feet.
Upstream of the Chicago, Milwaukee, St.
Paul & Pacific railroad bridge the channel
would have a bottom width of five feet and
side slopes of one on three. The existing
drainageway would be deepened by an aver
age of about 13 feet. While no primary
environmental corridor lands are involved,
wetlands lying south of STH 50 and west of
the Chicago, Milwaukee, St. Paul & Pacific
railroad would be affected.

5. The replacement of nine existing bridges
across the Pike Creek. Three of these bridges
consist of farm access bridges upstream of
STH 142. These three farm bridges would
be replaced in the manner identified in
Figure 63. These three farm crossings would
be placed in the proposed new channel by
laying multiple culverts across the channel
bottom. The three farm crossings would be
dry most of the time, but could be expected
to be under water during major flood events.
The remaining six bridges would be replaced
in order to provide adequate hydraulic
capacity under planned land use and channel
conditions. Three of these bridges--cTH E,
STH 142, and CTH K-Iocated on arterial
highways are old and should be replaced as
a normal step in the reconstruction of the
arterial highway system. The cost of these
three bridge replacements is assumed to be
charged to the regional transportation plan
since the bridges would have to be replaced
irrespective of any plan for flood control

Figure 63

TYPICAL FARM CROSSING
STRUCTURE PROPOSED

FOR THE PIKE CREEK AND
UPPER PIKE RIVER CHANNELS
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Source: SEWRPC.

measures. The remaining three bridges-the
Town of Somers solid waste transfer sta
tion site bridge upstream of CTH L, the Chi
cago, Milwaukee, St. Paul & Pacific railroad
bridge upstream of CTH K, and the STH 158
culvert-would have to be reconstructed in
a manner coordinated with the proposed
channel improvements in order to provide
adequate hydraulic capacity. The cost of
replacing these three bridges, as well as
the three aforementioned farm bridges, is
assumed to be charged to the total watershed
plan costs since they would not have to be
replaced for transportation purposes alone.

6. Structure floodproofing and elevation along
the Somers Branch upstream of the Chicago,
Milwaukee, St. Paul & Pacific railroad cross
ing. Under this proposal, three structures
would be floodproofed and two structures
elevated in order to substantially abate flood
damages. The location of these structures is
shown on Map 81.

7. Major channel improvements, including chan
nel widening and deepening, along both the
Airport Branch and the Tributary to Air
port Branch. Along the Tributary to Airport
Branch such channelization would extend
for about 0.4 mile and would consist of
a turf-lined channel having a bottom width
of 10 feet and side slopes of one on three.
The existing drainageway would be deepened
by an average of about six feet. Along the
Airport Branch such channelization would
extend both upstream and downstream of
the Chicago, Milwaukee, St. Paul & Pacific
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Table 103

SUMMARY OF CAPITAL AND OPERATION AND MAINTENANCE COSTS OF THE
RECOMMENDED FLOODLAND MANAGEMENT PLAN FOR THE PIKE CREEK SUBWATERSHED:
PIKE CREEK, SOMERS BRANCH, AIRPORT BRANCH, AND TRIBUTARY TO AIRPORT BRANCH

Estimated Cost

Stream

Pike Creek

Plan Element

Channel improvement
Cleaning and debrushing-confluence

with Pike River to confluence with
Somers Branch (1.8 miles) .

Channel widening and deepening
confluence with Somers Branch to
STH 158 (4.1 miles) . . . . . . . . . . . . .. . ..

Channel widening and deepening-
STH 158 to CTH K 10.6 mile) . . . . .. . ....

Channel construction-upstream of
CTH K (1.0 mile) .

Subtotal

Capital

$ 32,700

538,000

116,000

56,000

$ 742,700

Annual
Operation and
Maintenance

$2,000

4,500

600

1,000

$8,100

Bridge replacement-required for flood
control and charged to watershed plan

Somers Solid Waste Transfer
Station upstream of CTH L . . . . . . . .

Three farm bridges upstream of STH 142 .
Chicago, Milwaukee, St. Paul &

Pacific railroad upstream of CTH K .
STH 158 . . . . . . . . . . . .

Subtotal

Bridge replacement-required for
transportation and flood control and
charged to transportation plan

CTH E. . . . .
STH 142 . . . . .. . .
CTH K...

Subtotal

$ 80,000 $ --
9,000 --

54,000 --
240,000 --

$ 383,000 $ --

$ 240,000 $ --
270,000 --
210,000 --

$ 720,000 $ --

500

Cost summary
Charged to watershed plan and

included in benefit-cost analysis .. . .
Charged to transportation plan and

not included in benefit-cost analysis .

Total

Benefit-eost analysis
Average annual benefits

Structural damages.
Crop damages . . .

Total

Average annual costs
At 6 percent rate of return.
At 10 percent rate of return.

Benefit-cost ratio
At 6 percent rate of retu rn. . . .
At 10 percent rate of return .

$1,125,700

720,000

$1,845,700

$ 31,500
56,300

$ 87,800

$ 79,500
120,700

1.10
0.73

$8,100

$8,100



Table 103 (continued)

Estimated Cost

Annual
Operation and

Stream Plan Element Capital Maintenance

Somers Branch Structure floodproofing and elevation
Floodproofing of three structures. $ 11,400 $
Elevation of two structures. .... 42,100 - -

Total $ 53,500 --

Benefit-eost analysis
Average annual benefits

Structural damages. ................ $ 4,200

Average annual costs
At 6 percent rate of retu rn. $ 3,400
At 10 percent rate of return . 5,400

Benefit-eost ratio
At 6 percent rate of return. 1.24
At 10 percent rate of retu rn . 0.78

Airport Branch Channel improvements
and Tributary to Channel widening and deepening along
Airport Branch Tributary to Airport Branch upstream

from confluence with Airport Branch
(004 mile) and diversion channel from
Kenosha Municipal Airport east of
STH 192 (0.3 mile). .......... ........ $ 118,000 $ 300

Channel widening and deepening
along Airport Branch upstream from
Chicago, Milwaukee, St. Paul &
Pacific railroad (0.5 mile) ..... . . ........ 99,000 400

Channel widening and deepening
along Airport Branch downstream
of Chicago, Milwaukee, St. Paul &
Pacific railroad to confluence with
Pike Creek 10.4 mile). ........ . . . . . . . . . 142,000 300

Subtotal $ 359,000 $1,000

Bridge replacement
Chicago, Milwaukee, si. Paul &

Pacific railroad $ 498,000 $

Total $ 857,000 $1,000

Benefit-eost analysis
No benefit-eost analysis was conducted
for this element of the watershed plan.
Any benefits attendant to these flood
control measures would be associated
with the future development of an
industrial park east of the Kenosha
Municipal Airport. Any decision to
undertake these proposed improvements
would necessarily have to consider such
benefits at the time development of
the industrial park was imminent

Source: SEWRPC.
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Map 81

RECOMMENDED STRUCTURAL FLOODLAND MEASURES ALONG THE SOMERS BRANCH
---~ 1\

() STRUCTURE TO BE FLOODPROOFED

6. STRUCTURE TO BE ELEVATED

- LEGEND

100 - YEAR RECURRENCE INTERVAL
FLOODLANDS--PLANNED LAND USE
AND PLANNED CHANNEL CONDITIONS

EXISTING CHANNEL t
The structure floodproofing and elevation alternative was selected as the recommended flood control plan to alleviate the flood problem along

the Somers Branch. Under this flood control plan, three structures would be floodproofed and two structures would be elevated. Damages

would be prevented from floods up to and including the 1DO-year recurrence interval event.

Source: SEWRPC.

railroad crossing. For about 0.5 mile upstream
of that crossing, the turf-lined channel would
have a bottom width of about five feet and
side slopes of one on three. The existing
drainageway would be deepened by an aver
age of about five feet. Downstream of the
crossing, the turf-lined channel would have
a bottom width of about 15 feet and side
slopes of one on three for a distance of
about 0.4 mile. The existing channel would
be deepened by an average of about five
feet. These channelization projects do not lie
in a primary environmental corridor nor are
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significant wetlands involved. This channel
ization would also require the replacement
of two four-foot diameter culverts and one
three-foot diameter culvert currently carry
ing the Airport Branch under the Milwaukee
Road right-of-way with a new bridge having
a clear span of about 40 feet. This recom
mendation is summarized on Map 82.

The foregoing recommendations attendant to the
Airport Branch and the Tributary to the Airport
Branch would permit continuation of industrial
land use development between 8TH 31 and the
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Map 82

RECOMMENDED STRUCTURAL FLOODLAND MANAGEMENT MEASURES
ALONG THE AIRPORT BRANCH AND THE TRIBUTARY TO AIRPORT BRANCH

TYPICAL CROSS-SECTION OF THE EXISTING AND
RECOMMENDED CHANNEL ALONG AIRPORT BRANCH

DOWNSTREAM OF THE MILWAUKEE ROAD

SCALE

10 20 FT
t ,

Source: SEWRPC.

The culvert modification and major channelization alternative was selected as the recommended flood control ptan to alleviate the
flood problem along the Airport Branch and the tributary to Airport Branch. Under this flood control plan, 1.3 miles of major
channelization would be carried out and the conveyance capacity of the existing Milwaukee Road crossing would be increased.
In addition, 0.3 mile of storm water diversion channel would be constructed from the Kenosha Municipal Airport to the tributary
to Airport Branch under this alternative. Damages would be prevented from floods up to and including the 100-year recurrence
interval event.
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FLOOOLANOS UNDER PLANNED LAND
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Kenosha Municipal Airport north of STH 158
unconstrained by flood hazard considerations.
Should it ultimately be determined to develop the
area for industrial land use purposes without filling
the floodplain, none of the structural flood control
measures on the Airport Branch and Tributary to
Airport Branch would be required. In this respect,
it should be noted that any future determination
to not undertake the structural flood control mea
sures on the Airport Branch and the Tributary to
Airport Branch would not significantly change any
of the downstream structural flood control recom
mendations on the Pike Creek. Conversely, how
ever, it would not be possible to undertake the
channel improvements envisioned on the Airport
Branch and the Tributary to the Airport Branch
without having implemented the channelization
recommendations on the Pike Creek downstream
from the confluence with the Airport Branch.

During the formulation of the recommended flood
land management plan for the Airport Branch and
the Tributary to Airport Branch, the Regional Plan
ning Commission was requested by the Town
Board of the Town of Somers to evaluate the
impacts of proposed improvements to the Kenosha
Municipal Airport on stormwater drainage flows in
the vicinity of the airport. This evaluation was set
forth in a letter report dated July 30, 1982, from
the Commission to the Town of Somers. In order
to resolve existing and probable future drainage
problems associated with the expansion of the
Kenosha Municipal Airport, which expansion is
recommended in the adopted regional airport
system plan, for those storm events up to and
including a 10-year recurrence interval, recom
mendations were made to the Town of Somers and
the City of Kenosha concerning diversion of storm
water from one subbasin to another in the manner
shown on Map 83. Under this proposal, stormwater
from about 52 acres of developed airport land
would be diverted from an unnamed tributary to
the Pike Creek lying to the north of the Airport
Branch drainage basin to the Tributary to Airport
Branch. The 10-year recurrence interval flood flow
on the Tributary to Airport Branch about 0 A mile
upstream of the Milwaukee Road under existing
land use conditions is about 140 cubic feet per
second (cfs). Under the proposed land use and
stormwater diversion conditions, that flow would
increase to about 155 cfs, or by about 11 percent.
It was determined that such an increase in flow
would have no significant effect upon the 100-year
recurrence interval flood flows and stages along the
Airport Branch and, furthermore, would not sub-
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stantially affect the design of the aforenoted
channel improvements along the Airport Branch
should a decision ultimately be made to proceed
with those channel improvements.

Upper Pike River Subwatershed: Within this sub
watershed structural measures for flood control
are recommended for the Pike River and Bartlett
Branch. Summary data pertaining to the costs and
benefits of the recommended flood control mea
sures in the Upper Pike River subwatershed are set
forth in Table 104. These measures are as follows:

1. Channel enlargement, defined to consist of
the widening and deepening of the channel
along that two-mile reach of the Upper Pike
River extending from CTH C downstream
to Oakes Road as indicated on Map 84.
The existing channel would be lowered by
an average of about one foot, would have
a bottom width of about 10 feet, would be
turf lined, and would have side slopes of one
on three. No primary environmental corridor
nor significant wetlands lie along this reach.

2. Major channel improvements, including chan
nel widening and deepening, along that
3A-mile reach of the Upper Pike River
extending from Oakes Road downstream to
CTH KR as indicated on Map 84. Along
this reach, the channel would be lowered by
an average of about four feet, would have
a bottom width of about 10 feet, would be
turf lined, and would have side slopes of one
on three. No primary environmental corridor
nor significant wetlands lie along this reach.

3. Major channel improvements, including chan
nel widening, deepening, and realignment,
along that 1.5-mile reach of the Upper Pike
River extending from CTH KR downstream
to the confluence with the Pike Creek in
Petrifying Springs Park as indicated on
Map 84. The existing stream channel bottom
would be lowered in this reach by an average
of about five feet, would have a bottom
width of about 20 feet, would be turf
lined, and would have side slopes of one
on three. The southernmost reach of this
stream segment does lie within a primary
environmental corridor extending north
through Petrifying Springs Park along the
Upper Pike River to a point about one
quarter mile upstream of STH 31. Accord
ingly, great care would have to be taken in

I
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Map 83

PROPOSED STORMWATER DIVERSION IN THE VICINITY OF THE KENOSHA MUNICIPAL AIRPORT

In order to resolve existing and probable future drainage problems associated with the expansion of the Kenosha Municipal Airport for runoff events having up to and including a 10-year recur
rence interval, recommendations were made concerning the diversion of stormwater from one subbasin to another. Under this proposal, stormwater from about 52 acres of developed airport land
would be diverted from an unnamed tributary to the Pike Creek, to the tributary to Airport Branch.
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Table 104

SUMMARY OF CAPITAL AND OPERATION AND MAINTENANCE COSTS OF THE RECOMMENDED HOODlAND
MANAGEMENT PLAN FOR THE UPPER PIKE RIVER SUBWATERSHED: PIKE RIVER AND BARTLETT BRANCH

I
I

Estimated Cost

Stream

Pike Rivera

Plan Element

Channel improvement
Channel widening and deepening-

CTH C to Oakes Road. . .
Channel widening and deepening

Oakes Road to CTH KR. . ...
Channel widening and deepening-

CTH KR to confluence with Pike Creek.

Subtotal

Capital

$ 162,000

410,000

129,000

$ 701,000

Annual
Operation and
Maintenance

$2,200

3,700

1,700

$7,600

I
I
I
I

Bridge modification or replacement-required for
flood control and charged to watershed plan

Farm bridge downstream of confluence
with Lamparek Ditch . . . . . . . . . $ 2,000 $ ..

Farm bridge downstream of 5TH 11. 2,000 ..

5TH 11 · ... 70,000 ..
Chicago, Milwaukee, St. Paul & Pacific

Railroad upstream of 5TH 11 . · . 4,000 ..

Oakes Road ..... . . . . · . 100,000 ..

5TH 20 ................. 186,000 ..

Two private bridges upstream of 5TH 20 . 174,000 ..

Spring Street. . . . . 147,000 $ ..

Subtotal $ 685,000 $ ..

Bridge replacement-required for
transportation and flood control and
charged to transportation plan

5TH 31 .
CTH KR .
Braun Road. ..

Subtotal

Summary
Charged to transportation plan.
Charged to watershed plan

Total

$ 297,000 $ ..

297,000 ..
297,000 ..

$ 891,000 $ ..

$ 891,000 $ ..
1,386,000 7,600

$2,277,000 $7,600

I
I
I
I
I
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Benefit·cost analysis
Average annual benefits

Structural damages.
Crop damages . . .

Total

Average annual costs
At 6 percent rate of return .
At 10 percent rate of return

Benefit·cost ratio
At 6 percent rate of return .
At 10 percent rate of return

NOTE: Costs identified as chargeable
to the transportation plan
are not included in the
benefit·cost analysis

$ 33,100 I14,000

$ 47,100

$ 95,500 I
146,000

0.49
0.32
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I
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Table 104 (continued)

Estimated Cost

Annual
Operation and

Stream Plan Element Capital Maintenance

Bartlett Brancha Dike upstream of Spring Street $ 37,900 $ 300

Structure floodproofing and elevation

Floodproofing of seven structures ..... .. $ 27,600 $ --
Elevation of four structures. . . . . . · . 68,900 ..

Subtotal $ 96,500 $ - -

Summary

Charged to watershed plan · . · . $ 134,400 $ 300

Benefit-Cost analysis
Average annual benefits

Structural damages ... · ... . . $ $25,600
Crop damages . ... · . · . --

Total $ 25,600

Average annual costs
At 6 percent rate of return..... · .. $ 8,800
At 10 percent rate of return .... .. . .. 13,700

Benefit-cost ratio
At 6 percent rate of return .. ..... . . 2.91
At 10 percent rate of return. .... . . 1.87

aCosts associated with the potential application in the Town of Mt. Pleasant of an onsite stormwater detention policy were not included in the
watershed plan but were estimated in the watershed study. These costs are $4,860,000 (capital) and $107,900 (operation and maintenance)
for the Upper Pike River; and $280,800 (capital) and $6,200 (operation and maintenance) for the Bartlett Branch.

Source: SEWRPC.

I
the engineering and design of this particular
segment of the proposed channel improve
ment to ensure that the improvements are
made in a manner compatible with preserva
tion to the maximum extent practicable of
the natural environment.

4. The replacement of 12 existing bridges
across the Upper Pike River. Two of these
bridges consist of farm access bridges-one
located immediately downstream of STH 11,
and one downstream of the confluence with
Lamparek Ditch. These two farm bridges
would be replaced in the manner identified
in Figure 63 by laying multiple culverts
across the channel bottom. These two farm
crossings may be expected to be dry most
of the time but may be expected to be
under water during major flood events. The

remammg 10 bridges would be replaced in
order to provide adequate hydraulic capacity
under planned land use and channel condi
tions. Three of these bridges-those carrying
STH 31, CTH KR, and Braun Road-are
located on arterial highways, are from 30 to
50 years old, and may be expected to be
replaced as a normal part of the maintenance
and reconstruction of the arterial highway
system. The cost of these three bridge
replacements is accordingly assumed to be
charged to the regional transportation plan
since the bridges may be expected to be
replaced within the plan design period irre
spective of any plan for flood control mea
sures. Of the remaining seven bridges, four
STH 11, STH 20, Oakes Road, and Spring
Street-would have to be reconstructed in
a manner coordinated with the proposed
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channel improvements in order to provide
adequate hydraulic capacity. The cost of
replacing these four bridges, as well as the
two aforereferenced farm bridges, are accord·
ingly assumed to be charged to the total
watershed plan costs since they would not
have to be replaced for transportation pur
poses within the plan design period. The
Chicago, Milwaukee, St. Paul & Pacific rail
road bridge north of STH 11 is to be
removed and not replaced since this line has
recently been abandoned. 3 The remaining
two bridges are private bridges on lands
lying upstream of STH 20. These two bridges
could be either removed and not replaced, or
replaced with adequate structures. The plan
cost identified in Table 104 assumed that it
would be necessary to replace both bridges.

5. The construction of a dike upstream of
Spring Street to protect existing residential
development from flooding along the Bart
lett Branch. This dike would have a total
length of about 500 feet, an average height
of about four feet, and a maximum height
of about six feet. The location and align
ment of this dike is shown on Map 85,
together with a typical cross-section of the
dike. No special drainage facilities would
be required with this particular dike configu
ration since the Town Engineer has deter
mined that any water impounded behind

3 The Chicago, Milwaukee, St. Paul & Pacific rail
road right-of-way traversing the Pike River water
shed in this location was the subject of a potential
reuse analysis conducted by the Regional Planning
Commission for Racine County in the fall of 1982.
The reuse analysis concluded that there were a suf
ficient number of potential public uses for this
abandoned right-of-way so as to warrant its acquisi
tion by one or more public bodies. Should this
right-of-way eventually be publicly acquired and
agreement reached on a reuse plan for the right
of-way, it may be necessary to eventually rebuild
the Pike River crossing. In that event, the cost of
replacing the bridge would have to be borne as
a part of the reuse project and, accordingly, was
not charged to the Pike River watershed plan. The
reuse analysis is set forth in a SEWRPC Com
munity Assistance Staff Memorandum entitled,
"Analysis of Redevelopment Alternatives for
Abandoned CMStP&P Railroad (Milwaukee Road)
Right-of-Way in the City of Racine and Town of
Mt. Pleasant, " and dated October 4, 1982.
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the dike may be permitted to be dissipated
slowly through infiltration into the ground
water reservoir.

6. The floodproofing of seven structures and
the elevation of four structures currently
located in the floodplain of the Bartlett
Branch downstream of Spring Street. The
location of these structures is shown on
Map 85.

The foregoing recommendations attendant to chan
nel improvements along the Upper Pike River and
to dike and structure floodproofing and elevation
along the Bartlett Branch have been made based
upon an assumption, as discussed earlier in this
chapter, that future land use development in the
watershed would occur in accordance with the
watershed land use plan, and without onsite deten
tion to limit increases in flood flows and stages
along downstream reaches of the Pike River system.
The analyses conducted under the watershed study
indicated that full implementation of an onsite
stormwater detention policy by the Town of
Mt. Pleasant with respect to each increment of
urban development may be expected to have only
a modest impact on the design of the recom
mended flood control improvements. For example,
the dikes upstream of Spring Street could be made
up to four feet lower depending upon the amount
of freeboard provided, the structure floodproofing
and elevation measures along the Bartlett Branch
could be carried out to a regulatory elevation of up
to two feet lower, the channel improvements along
the Upper Pike River from CTH C downstream to
Oakes Road could be maintained at the existing
grade rather than be lowered by about one foot,
and the channel improvements from Oakes Road
downstream to CTH KR could be carried out by
lowering the channel an average of about three
feet instead of four feet. Such differences in the
extent of the recommended flood control measures
and the costs attendant thereto were, however,
considered to be marginal, affecting the costs of
the recommended flood control works by about
12 percent.

In addition, it should be noted that the benefit
cost ratio attendant to the proposed channel
improvements on the Upper Pike River approxi
mates 0.5, indicating that the direct benefits would
be less than the direct, or tangible, costs associated
with the project. This benefit-cost ratio must, how
ever, be viewed in a broader context that takes
into account the long-term indirect, or intangible,
benefits associated with providing an improved

I
I
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Map 85

RECOMMENDED STRUCTURAL FLOODLAND MANAGEMENT MEASURES ALONG THE BARTLETT BRANCH

TYPICAL CROSS-SECTION OF THE RECOMMENDED DIKE
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The combination dike and structure floodproofing and elevation alternative was selected as the recommended flood control plan to alleviate the
flood problem along the Bartlett Branch, Under this flood control plan, about 500 feet of earthen dike would be constructed about 500 feet
east of, and approximately parallel to, the Bartlett Branch between CTH C and Spring Street. In addition, seven structures would have to be
floodproofed and four structures would have to be elevated. Under this flood control plan. damages would be prevented from floods up to and
including the lOO·year recurrence interval event.

Source: SEWRPC.
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urban stormwater drainage system throughout the
Upper Pike River watershed. The landscape within
the upper watershed is relatively flat, and as that
watershed is gradually converted from rural to
urban use over time, means must be found to
facilitate urban stormwater drainage even given an
approach that might foster the construction of
onsite stormwater detention facilities. Within the
context of a systems level watershedwide planning
effort designed primarily to consider direct flood
control benefits, it was not possible to assess the
land use development and stormwater drainage
benefits that might be attendant to a stream course
improvement project that would permit the opera
tion of a more efficient areawide drainage system.

Lower Pike River Subwatershed: Within this sub
watershed, structural measures for flood control
are recommended for certain locations along the
Pike River and along Sorenson Creek, and condi
tionally recommended for other locations along
the Lower Pike River. Summary data pertaining to
the costs and benefits of the recommended flood
control measures in the Lower Pike River sub
watershed are set forth in Table 105. These mea
sures are as follows:

1. The floodproofing of three existing struc
tures currently subject to flood damages
along the Lower Pike River. These structures
consist of a residence located just upstream
of CTH G, the former Valley Restaurant
and Supper Club located just upstream of
Sheridan Road, and the Carthage College
Field House located just downstream of
Sheridan Road (see Map 86). The plan
recommends that the residence be elevated.
With respect to the larger structures, it is
recommended that detailed studies be made
of the means by which these two structures
can be floodproofed and flood damages
thereby substantially abated. Floodproofing
represents the only feasible way in which to
approach resolution of these isolated flood
ing problems.

2. A large part of the grounds of the Kenosha
Country Club lies within the 100-year recur
rence interval floodplain of the Pike River.
The Club extends along the Pike River from
22nd Avenue on the upstream end to the
former Chicago, Northshore & Milwaukee
Railroad right-of-way on the downstream
end. Flooding along the Pike River through
the Country Club can disrupt normal golfing
activities; damage tees, greens, and traps;
cause maintenance problems over the course,
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including the deposition of debris; and con
tribute to increased problems of drainage
even when the flood peaks pass. Accord
ingly, it is recommended that, should the
members of the Kenosha Country Club wish
to take measures to abate these flooding
problems, consideration be given to the con
struction of a system of earthen dikes along
the shoreline of the Pike River to provide
protection against floods up to the 10-year
recurrence interval flood. Such dikes could
be located generally as shown on Map 87.

The system of dikes would approximate
about 5,900 feet in length and would aver
age about four feet in height. As shown on
Map 87, the dikes or berms could either
be of traditional design, or could be con
structed in such a manner so as to extend
back to a point where the dike elevation
intersects with the golf course fairways.
The construction of this dike system might
also require that each of the 10 existing golf
course bridges across the Pike River be raised
and lengthened so as to permit golf course
operation during flood events. Any con
sideration of such a diking alternative on
the Kenosha Country Club grounds would
require careful, detailed design by a skilled
landscape architect, since the fairways for
eight of the holes cross the Pike River. Some
tees and greens may have to be elevated or
relocated to permit construction of the
dike system.

Under this approach, floods up to and
including the lO-year recurrence interval
flood would be contained within the dikes.
The regulatory 100-year recurrence interval
flood, however, would occupy its normal
floodplain. This diking system could be
undertaken by the Kenosha Country Club
without any adverse effects on flows
upstream or downstream of the Country
Club site and without any loss of floodplain
storage during the regulatory flood. The
costs associated with these potential flood
control measures at the Kenosha Country
Club are summarized in Table 105. No
benefit-cost analysis was made since the
benefits that may be attributable to such
a system of dikes would be limited to
those perceived by the members of the
Country Club in terms of the increased
number of days of the year in which play
is possible and in terms of decreased main
tenance costs.



Table 105

SUMMARY OF CAPITAL AND OPERATION AND MAINTENANCE COSTS OF THE RECOMMENDED FLOODLAND
MANAGEMENT PLAN FOR THE LOWER PIKE RIVER SUBWATERSHED: PIKE RIVER AND SORENSON CREEK

Estimated Cost

Annual
Operation and

Stream Plan Element Capital Maintenance

Pike River Dikes for agricultural land protection
Upstream of Kenosha Country Club. ... · ... $ 236,000 $ 3,100

Downstream of Kenosha Country Club.. · . 647,000 6,200

Subtotal $ 883,000 $ 9,300

Dikes for recreational land protection
at Kenosha Country Club $ 363,000 $ 3,500

Structure floodproofing and elevation
Floodproofing of two structures. .. · .. $ 62,000 $ --
Elevation of one structure . . . . · .. · .. 22,400 --

Subtotal $ 84,400 $ ---

Summary
Charged to watershed plan $1,330,400 $12,800

Benefit-cost analysis
Average annual benefits

Structural damages. $ 9,900
Crop damages . .. 27,100

Total $ 37,000

Average annual costs
At 6 percent rate of return. .. $ 70,600

At 10 percent rate of return. 106,000

Benefit-cost ratio
At 6 percent rate of return. . . · . 0.52

At 10 percent rate of return. . . · . 0.35

NOTE: Costs and benefits associated
with the dike system at the
Kenosha Country Club are
not included in the benefit-
cost analysis

Sorenson Creek Bridge replacement
Chicory Road $ 90,300 $ .-

Summary
Charged to watershed plan $ 90,300 $ --

Benefit-cost analysis
Average annual benefits

Structural damages .• . . . . . · ......... $ 4,300

Crop damages . . . . . . . . . . · ... . . . . . . --

Total $ 4,300

Average annual costs
At 6 percent rate of return $ 5,700

At 10 percent rate of return . . . . . . . . . . . . . 9,000

Benefit-cost ratio
At 6 percent rate of return. . . · . 0.75

At 10 percent rate of return . · . 0.48

Pike River Jetties and dredging at mouth
Estuary of Pike River $ 95,000 $ 1,100

SeuFee; SEWRPC.
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The recommended structural floodland management measures along the Lower Pike River include structure floodproofing and elevation. Under this flood control plan element, two
structures would have to be floodproofed and one structure would have to be elevated. Damages would be prevented from floods up to and including the l00·year recurrence inter
val event.

Source: SEWRPC.



Map 87

POTENTIAL SYSTEM OF DIKES AND BERMS TO ABATE FLOODING
PROBLEMS ON THE GROUNDS OF THE KENOSHA COUNTRY CLUB
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Initially recommended structural flood land management measures along the Lower Pike River included the construction of about 5,900 feet of dikes on
the grounds of the Kenosha Country Club. In addition, 10 golf course bridges would have to be raised and lengthened so as to permit golf course opera
tion during flood events. Under this flood control plan element, damages to the golf course would be prevented from floods up to and including the
10-year recurrence interval event.

SouTes: SEWRPC.

3. The remaining problems along the main stem
of the Lower Pike River consist of agricul
tural flood damages, both upstream and
downstream of the Kenosha Country Club.
The watershed land use plan envisions that
the lands downstream of the Kenosha
Country Club will be urbanized over the
next two decades. At such time as these
lands urbanize, it is recommended that the
entire lOO-year recurrence interval flood
plain be maintained in essentially natural
open uses. Along certain stream reaches
downstream of the Kenosha Country Club,
this will help to reestablish wetlands along
the stream and the consequent enrichment

of the primary environmental corridor along
the Pike River.

Although the plan does not specifically
recommend that any measures be taken to
abate agricultural crop damages either
upstream or downstream of the Kenosha
Country Club because of the long-term com
mitment to urban development in this area
of the watershed, the plan should not be
construed to prohibit farmers along these
stream reaches from individually or collec
tively undertaking the construction of low
level dikes to abate flooding problems so
long as the land continues to be farmed.
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Figure 64

RECOMMENDED SYSTEM OF JETTIES AT THE MOUTH
OF THE PIKE RIVER ON THE LAKE MICHIGAN SHORELINE

Source: SEWRPC.
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A system of low-level agricultural dikes
designed to prevent flooding from floods
up to and including the 10-year recurrence
interval flood along the Lower Pike River
both upstream and downstream of the
Kenosha Country Club is indicated on
Map 88, and the costs attendant to such
diking systems are set forth in Table 105.
It should be noted that these dikes would
not have a benefit-cost ratio of greater than
one. Nevertheless, the farmers involved may
wish to individually or collectively consider
such measures.

4. The replacement of the Chicory Road cross
ing of Sorenson Creek as shown on Map 89.
The current crossing consists of dual six-foot
diameter culverts. The plan recommends
that a new clear span bridge with an open
ing of about 30 feet be provided in order
to eliminate the backwater effects of the
existing hydraulically inadequate crossing.

5. The construction of two parallel jetties and
the dredging of the channel bottom between
the jetties to maintain channel flow capacity

at the mouth of the Pike River on the shore
line of Lake Michigan. These measures are
essential to resolve the flooding problems
that are caused by the frequent formation
of a sandbar across the mouth of the Pike
River. An annual maintenance effort will be
required to ensure that the mouth is kept
free from accumulated sand. The type of
jetty construction envisioned is shown in
Figure 64.

An alternative to the parallel sheet-pile jet
ties would be placement of rip-rap or gabion
revetments. Parallel revetments could be
installed, or one revetment could be installed
on the north side of the channel with the
existing natural bluff on the south side of
the channel containing the flow of the Pike
River for most of the reach between Lake
Michigan and the Alford Park Drive bridge.
Suitable subsurface foundation conditions
for the placement of revetments must exist
and could be determined by soil borings.
These alternative construction techniques
should be evaluated as part of the detailed
design of the structure.
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The recommended structural floodland management measures along the Lower Pike River include the construction of up to about 4.4 miles of low-level dB
to abate agricultural flooding problems. Under this flood control plan element, damages would be prevented from floods having a recurrence interval of up
10 years.

Source: SEWRPC.
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Map 89
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The culvert replacement alternative was selected as the recommended flood control plan to alleviate the flood problem along Sorenson Creek.
Under this flood control plan, the Chicory Road crossing of Sorenson Creek would be replaced with a clear span bridge. Damages would be
prevented between Chicory Road and Pleasant Lane from floods up to and including the 10Q·year recurrence interval event.

Source: SEWRPC.

Impacts of Recommended Floodland Management
Plan on Flood Flows and Stages: Implementation
of the foregomg recommendations for flood con
trol throughout the Pike River watershed, together
with future urban land use development, may be
expected to significantly impact flood flows and
stages in the Pike River watershed. Such impact
with respect to the regulatory 100·year recurrence
interval flood are summarized for selected loca
tions along the stream system of the Pike River
watershed in Table 102. Along those stream
reaches where channelization is recommended,
peak flood stages may be expected to decrease.
Along the Lower Pike River, where channelization
is not recommended, the increased flood flows
may be expected to result in slightly increased
flood stages. More detailed data pertaining to peak
flood flows and flood stages under planned land
use and planned channel conditions are set forth in
Appendix G.
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Bridge Replacement: It is recommended that
bridges and culverts on the major stream system of
the Pike River watershed which have inadequate
hydraulic capacity, as manifested by overtopping
of the approach roadways or of the structure itself,
be eventually modified or replaced so as to elimi
nate interference with the desirable operation of
the highway and railroad transportation system.
There are a total of 130 existing bridges and cul·
verts on the major stream system. Of this tatal,
100, or 77 percent, as shown in Table 106, are
hydraulically adequate and need not be modified
or replaced except as may be necessary for trans
portation-related purposes. A total of seven of
the crossings, or an additional 5 percent, represent
stream crossings that, while not included in the
flood control recommendations noted above, are
hydraulically inadequate and should be modified
or replaced in the normal course of events as the
transportation system is renewed. The remaining



Table 106

BRIDGE REPLACEMENT/MODIFICATION RECOMMENDATIONS IN THE PIKE RIVER WATERSHED PLAN

Pike Creek Subwatershed

Hydraulically Hydraulically
Adequate- Inadequate-
Replace or Replace or Replace or

Structure Identification
Modify as Modify as Modify in

Necessary for Transportation Accordance with._-_.- -

River Transportation System is Flood Control

Stream Name Milea Purposes Renewed Recommendations

Pike Creek STH 31/Green Bay Road. 0.05 X
Private bridge .... 0.89 X
Private bridge .... 1.42 X
CTH E/12th Street. .. 2.13 X
Town of Somers

transfer station... 3.17 X
Chicago & North Western

Transportation Company. 3.29 X
CTH L/Lichter Road. · . 3.34 X
Private bridge · . · ... 3.98 X
Private bridge ...... 4.12 X
Private bridge ...... 4.24 X
STH 142/S. 43rd Street 4.86 X
Footbridge ........ 4.90 X
STH 158/52nd Street. 5.90 X
CTH K/60th Street ... 6.45 X
Chicago, Milwaukee,

St. Paul & Pacific railroad 6.85 X

Somers Branch Private bridge ....... 0.06 X
Private bridge ....... 0.53 X
Chicago & North Western

Transportation Company. 0.69 X
CTH EA/90th Street . . 1.11 X
Private bridge · . · . · . 1.43 X
Private bridge .... · . · . 1.77 X
Private bridge .... · . · . 1.94 X
Chicago, Milwaukee,

St. Paul & Pacific railroad 1.95 X
Private bridge · . · . 2.31 X

Airport Branch Private bridge · . · . 0.18 X
and Tributary to Private bridge · . · . 0.39 X
Airport Branch Chicago, Milwaukee,

St. Paul & Pacific railroad 0.41 X

Upper Pike River Subwatershed

Upper Pike River STH 31/Green Bay Road... 10.38 X
CTH KR/County Line Road. 11.15 X
Private bridge . . · . · . 11.56 X

Braun Road ....... · . 12.23 X

Private bridge ...... · . 12.99 X

STH 11/Durand Road · . 13.29 X
Chicago, Milwaukee,

St. Paul & Pacific railroad .. 13.72 X

Oakes Road . . . . . . . · . 14.51 X

STH 20/S. 20th Street. · . 14.94 X

Private bridge · . 15.00 X

Footbridge .. 15.15 X
Private bridge 15.29 X
Private bridge 15.77 X
Spring Street. · . 16.24 X
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Table 106 (continued)

Hydraulically Hydraulically
Adequate- Inadequate-

Replace or Replace or Replace or

Structure Identification Modify as Modify as Modify in
Necessary for Transportation Accordance with

River Transportation System is Flood Control

Stream Name Milea Purposes Renewed Recommendations

Bartlett Branch Private bridge ... · .. 0.12 X
Private bridge .. .... 0.32 X
Chicago & North Western

Transportation Company. 0.34 X
Stuart Road ... · ... 0.53 X
Footbridge ...... · . 0.67 X
Clinton Lane extended. 0.79 X
Private bridge 1.07 X
Footbridge. . 1.16 X
Spring Street. 1.21 X

Waxdale Creek Chicago & North Western
Transportation Company. 0.27 X

Willow Road. o ••••••• 0.29 X
Chicago, Milwaukee,

St. Paul & Pacific railroad 0.47 X
Buried conduit 0.51 X
Private bridge · ...... 1.11 X
90th Street...... · .. 1.24 X
CTH H/Wisconsin Street. 1.89 X

Chicory Creek Private bridge ...... 0.20 X
Chicago & North Western

Transportation Company. 0.46 X
Private bridge 0.54 X
Private bridge 0.62 X
90th Street.. 1.13 X

Lamparek Ditch Private bridge · . · . · .. . . 0.54 X
Chicago & North Western

Transportation Company. 0.77 X
90th Street..... 1.56 X
Private bridge · . · ..... 2.12 X
Chicago, Milwaukee,

St. Paul & Pacific railroad 2.26 X
Private bridge 2.61 X
Private bridge · . · . 2.73 X

Lower Pike River Subwatershed

Lower Pike River STH 32/Alford Park Drive. 0.21 X
STH 32/Sheridan Road.. 1.35 X
Footbridge .. · . · .... 1.52 X
Drive to Carthage College 1.70 X
STH 32/S. 32nd Street. 1.79 X
Footbridge .... · . · .. 2.46 X
Footbridge......... 2.69 X
Chicago & North Western

Transportation Company. 3.04 X
CTH E/12th Street . 3.27 X
CTH A/7th Street ... 4.61 X
Lathrop Avenue ... · . 4.79 X
Chicago, North Shore &

Milwaukee railroad
(abandoned) 4.88 X

Private bridge 4.92 X
Private bridge 5.00 X
Private bridge 5.04 X
Private bridge 5.12 X
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Table 106 (continued)

Hydraulically Hydraulically

Adequate- Inadequate-

Replace or Replace or Replace or

Structure Identification
Modify as Modify as Modify in

Necessary for Transportation Accordance with
River Transportation System is Flood Control

Stream Name Milea
Purposes Renewed Recommendations

Lower Pike River Private bridge ........ 5.31 X
(continued) Kenosha Country Club dam. 5.31 X

Private bridge 5.37 X
Private bridge 5.40 X
Private bridge 5.44 X
Private bridge 5.52 X
Private bridge 5.59 X
CTH Y /22nd Avenue. 5.63 X
CTH G/Wood Road .. 6.60 X
CTH A/7th Street ... 6.96 X
Petrifying Springs Park road. 8.26 X
Footbridge. 8.34 X
Footbridge. 8.48 X
Footbridge. 8.61 X
Footbridge. 8.80 X
Footbridge. 8.93 X
Park Drive, Footbridge

and control structure . · .. 9.07 X
Petrifying Springs Park drive. 9.39 X
CTH A/7th Street. · .. · .. 9.55 X

Nelson Creek Private bridge . . . · .. · ... 0.05 X
Chicago, North Shore &

Milwaukee railroad
(abandoned) .. 0.12 X

Private bridge · . 0.15 X
Lathrop Avenue. 0.44 X
Lathrop Avenue. 0.55 X
Lathrop Avenue. 0.62 X
CTH KR /County Line Road. 0.80 X
Private bridge 1.27 X
Private bridge 1.63 X
Private bridge 1.67 X

Sorenson Creek Private bridge 0.03 X
Private bridge · . 0.92 X
CTH KR/County Line Road. 1.56 X
Private bridge · .. · .. · .. 1.67 X
Chicago, North Shore &

Milwaukee railroad
(abandoned) . 1.96 X

Private bridge · . 2.37 X
Lathrop Avenue. 2.62 X
Chicory Road. 2.93 X

Private bridge 3.03 X
Pleasant Lane . .' 3.15 X

Taylor Avenue. · . 3.49 X

Kenosha Branch 20th Avenue. · ... 0.76 X

Private bridge . · . .. 0.82 X
Chicago, North Shore &

Milwaukee railroad
(abandoned) .. · . 0.87 X

CTH Y/22nd Avenue. 0.90 X
25th Avenue ...... 1.10 X

aDistance in miles along stream channel upstream from mouth or confluence.

Source: SEWRPC.
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23 crossings, or 18 percent, represent bridges and
culverts specifically affected by the flood control
recommendations set forth above and should be
replaced in accordance with those recommenda
tions. The design of all new bridges within the
watershed should be based upon the applicable
objectives and standards set forth in Chapter X.

Floodland Regulations: It is recommended that
Kenosha and Racine Counties, the City of Kenosha,
and the Village of Sturtevant review and, as neces
sary, revise their floodland zoning regulations to
reflect the updated flood hazard data and the
floodland management concepts and recommen
dations set forth in this report. Such regulations
should be explicitly designed to complement the
recommended watershed land use plan element,
as well as the structural flood control measures
recommended in the plan. In general, those flood
lands lying within the 100-year recurrence interval
flood hazard lines under year 2000 plan conditions
that are presently neither developed for urban use
nor committed to such development by the recor·
dation of land subdivision plats and the installation
of municipal improvements be zoned so as to pro
hibit incompatible future urban development.
Those existing urban land uses in the floodlands
scheduled to be floodproofed, elevated, or pro
tected through future structural flood control mea
sures should be appropriately zoned, including the
imposition of an overlay floodplain regulatory
zone that will ensure that proper attention is given
to the flood hazards on these sites as future zoning
and development decisions are made. Those lands
which would be removed from the floodplain upon
construction of the flood control improvements
outlined in the plan should be zoned as floodplains
until such time as the recommended flood control
works are put in place, whereupon the lands should
be rezoned for appropriate urban development.

Channel Maintenance: It is recommended that
a regular stream channel maintenance program be
undertaken throughout the major stream system of
the Pike River watershed. This would include the
periodic removal of sediment deposits, heavy vege
tation, and debris from all watercourses in the
watershed, including bridge openings and culverts.
Such a program is necessary to ensure the future
integrity of the existing and recommended stream
bottom profile.

Flood Insurance: All of the civil divisions located
wholly or partly within the watershed and desig
nated by the Federal Emergency Management
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Agency (FEMA) as having flood hazard areas have
taken the necessary steps to make their residents
eligible to participate in the Federal Flood Insur
ance Program. Initial flood insurance studies have
been completed by FEMA for unincorporated
areas of Kenosha and Racine Counties, the Cities
of Kenosha and Racine, and the Village of Sturte
vant. It is recommended that FEMA review the
flood hazard data set forth in the Pike River
watershed plan and revise, as necessary, the local
flood insurance studies to reflect the new flood
hazard data developed under the watershed pro
gram. It is further recommended that owners of
property in flood-prone areas purchase flood
insurance to provide some financial relief for losses
sustained in floods which may occur prior to the
completion of any recommended flood control
works. As any of the flood control works are
implemented, it is further recommended that
FEMA undertake necessary revisions to the flood
insurance studies.

Lending Institution and Realtor Policies: It is
recommended that lending institutions continue
their practice of determining the floodprone status
of properties prior to mortgage transactions and
that the principal source of flood hazard informa
tion be that developed under the Pike River water
shed study. It is further recommended that real
estate brokers and salesmen and their agents
continue to inform potential purchasers of prop
erty of any flood hazard which may exist at the
site being traded in accordance with the rules
of the Wisconsin Real Estate Examining Board.

Community Utility Policies and Emergency Pro
grams: It is recommended that the policies of
governmental units and agencies having responsi
bility for the design, construction, operation, and
maintenance of public utilities and facilities-such
as water supply, sewerage, drainageways, and
streets and highways-within the watershed carry
out those functions in a manner fully consistent
with the land use and floodland regulation recom
mendations for the Pike River watershed. Although
the hydrologically unpredictable "flashy" nature
of flooding within the Pike River watershed ren
ders a flood forecasting system impractical, it is
recommended that, until recommended flood con
trol works are completed, each watershed com
munity develop procedures to provide floodland
residents and other property owners with timely
information about floods in progress.



Maintenance of Stream Gaging Networks: The
stream gaging stations located throughout the Pike
River watershed can provide critical data essential
to the future rational management of the surface
waters of the basin. It is recommended that the
continuousreoorder on the Pike River at the
University of Wisconsin-Parkside Campus, the
crest stage gage on Pike Creek at STH 142, and
other low-flow or miscellaneous gages continue to
be operated.

Recommended Water Quality
Management Plan Element
The adopted regional water quality management
plan, as refined and detailed under the watershed
study, is recommended for adoption as the water
quality management element of the Pike River
watershed plan. The plan contains recommenda
tions for the elimination of sanitary sewer flow
relief devices; the abatement of pollution from
industrial waste discharges; the abaten: 'nt of pol
lution from municipal and private sewage treat
ment plants; the control of pollution from diffuse
sources; and the development of a water quality
monitoring program for the watershed.

Elimination of Sanitary Sewer Flow Relief Devices:
The ultimate elimination of eight flow relief
devices-crossovers and bypasses-is recommended
in the Pike River watershed plan as in the adopted
regional water quality management plan. The eli
mination is to be achieved by the responsible
local units of government which are to determine
the specific means to be applied, including the
construction, as necessary, of trunk and relief
sewers. It should be noted that there are no com
bined sewer overflows discharging within the Pike
River watershed.

Local efforts have been initiated to eliminate these
flow relief devices. Two of the eight flow relief
devices-the bypass at the Sturtevant sewage treat
ment plant and the bypass in the Town of Mt. Plea
sant-have been eliminated as of March 1980,
following the construction of a major trunk sewer
to convey wastewater from the Village of Sturte
vant and portions of the Town of Mt. Pleasant to
the City of Racine sewage treatment plant. The
remaining six flow relief devices are located in the
City of Kenosha. The City has completed facility
planning and infiltration/inflow control studies
which consider alternative means of eliminating
these devices, and the attendant water pollution
problems and public health hazards. Both convey
ance system and sewage treatment plant improve
ments are planned in the City as a result of this
facility planning process, and will serve to elimi
nate three of the six flow relief devices. Of the

remaining three flow relief devices, two are pro
posed to be maintained but only utilized in
extreme emergencies where the pumping station
would be inoperable; and one has been connected
to a storm sewer which discharges out of the Pike
River watershed.

Abatement of Pollution From Industrial Waste
Discharges: The recommended water quality
management plan element of the Pike River water
shed plan proposes that the direct or indirect dis
charge of industrial wastes into the Pike River and
its tributaries be eliminated while allowing the
continued discharge of clear water, such as spent
cooling water, to the stream system. Such abate
ment can be achieved under the Wisconsin Pollu
tant Discharge Elimination System, which requires
a permit and pollution abatement schedule for
each industrial discharge device.

Abatement of Discharges of Domestic Wastewater
From Municipal and Private Wastewater Treatment
Plants: The adopted regional water quality man
agement plan recommended abandonment of the
municipal sewage treatment plants in the Village of
Sturtevant and the Town of Somers, and the pri
vate sewage treatment plant serving the St. Bona
venture Seminary in the Village of Sturtevant. The
Seminary plant was abandoned in December 1979
by diversion of wastewater to the collection system
of the Village of Sturtevant. The Village plant was
subsequently abandoned in March 1980 by diver
sion of wastewater to the City of Racine collection
system.. It is recommended that the sewage treat
ment facility located in the Town of Somers be
abandoned by diversion of wastewater to the col
lection system of the City of Kenosha. To achieve
this end, both long-term and short-term facilities
have been proposed. A major trunk sewer is pro
posed to be constructed from the Kenosha system
to the north and west to serve existing and planned
development in the Town of Somers, including the
area now connected to the Town of Somers treat
ment plant. In the regional water quality manage
ment plan, that trunk sewer was envisioned to be
completed by about 1990. In addition, local plans
have been initiated which would provide for the
interim connection of portions of the Town of
Somers and abandonment of the Somers sewage
treatment plant by means of a combination gravity
flow sewer and pumping station and force main
system (see Map 90). This interim system would be
installed prior to completion of the major trunk
sewer connection to the Kenosha system. Portions
of the interim system would be designed to be
incorporated into the local collection and convey
ance system once the major trunk sewer from
Kenosha is completed.
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Map 90

PROPOSED INTERIM CONNECTION OF THE TOWN OF SOMERS
UTILITY DISTRICT NO.1 SEWAGE TREATMENT PLANT
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The adopted regional water quality management plan recommends abandonment of the Town of Somers sewage treatment facility by
diversion of wastewater to the collection system of the City of Kenosha. The recommended watershed plan provides for an interim
connection of portions of the Town of Somers to the Kenosha system and abandonment of the Somers sewage treatment plant by means
of a combination gravity flow sewer, pumping station, and force main. This interim connection would be installed prior to completion
of the major trunk sewer connection to the Kenosha system envisioned in the longer range plans.

Source; SEWRPC.
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Control of Pollution From Diffuse Sources: It is
recommended that urban communities in the Pike
River watershed use a judicious blend of public
education programs, litter and pet waste control,
proper use of fertilizers and pesticides, construction
erosion control, septic tank system management,
critical area protection, improved timing and effici
ency of street sweeping, leaf collection, catch basin
cleaning, and industrial and commercial material
storage facilities and runoff control to reduce pol
lution from diffuse sources. Effective management
of remaining onsite wastewater disposal systems is
recommended to avoid excessive instream concen
trations of fecal coliform bacteria in the watershed.

It is recommended that diffuse source pollution
from rural areas be reduced by utilization of public
education programs, fertilizer and pesticide man
agement, critical areas protection, crop residue
management, conservation tillage, pasture manage
ment, contour plowing, livestock waste control,
and construction erosion control. Particular
emphasis should be given to livestock waste con
trol measures to alleviate fecal coliform bacteria
pollution of surface waters in the watershed; and
to construction erosion control, in light of the
extensive urban development possible during the
planning period.

In addition to the foregoing measures for the
control of nonpoint or diffuse source water pollu
tion, it should be noted that onsite stormwater
detention systems, such as those considered for
application in the Town of Mt. Pleasant, do have
a potential for abating pollution from nonpoint
sources, particularly from urban sources, by reduc
ing sediments and other pollutants in stormwater
runoff. Pollutant removal is accomplished directly
by settling within the basin. Additionally, the
potential for erosion is reduced downstream of the
basin as a result of the reduced peak rates of flow
and attendant velocities. These potential water
quality enhancement benefits should be taken into
account on a case-by-case basis as onsite storm
water detention measures are considered through
out the watershed.

Development of Water Quality Monitoring Pro
gram: It is recommended that a water quality
monitoring program be developed for the water
shed to demonstrate and document changes in
surface water quality attendant to plan implemen
tation, and to help detect and locate future illegal
sources of pollution. The basis for such a monitor
ing program should be the prospectus for water

quality monitoring in the Region, which prospec
tus is currently being prepared by the Commission.

IMPACT OF RECOMMENDED
COMPREHENSIVE WATERSHED
PLAN ON WATER USE OBJECTIVES

The watershed development objectives, principles,
and standards used in the preparation of the com
prehensive Pike River watershed plan were set
forth in Chapter X of this report. One of the water
quality management planning objectives relates
directly to the setting forth of recommended water
use objectives and supporting water quality stan
dards for the Pike River watershed stream system.
The initially recommended water use objectives are
shown on Map 43, page 312, of this report. The
water quality standards attendant to those water
use objectives as they were established on a pre
liminary basis prior to preparing the watershed
plan are set forth in Table 80 on page 335.

The completion of the recommended comprehen
sive Pike River watershed plan, and in particular
the floodland management element of that plan,
made it necessary to reevaluate the viability of the
initially recommended water use objectives in light
of those plan elements. The results of that reevalu
ation review are summarized on Map 91 which sets
forth the final recommended water use objectives
for the perennial stream system in the Pike River
watershed. As a result of the major channel
improvement recommendations for flood control
and drainage purposes set forth in the recom
mended plan for the Pike Creek downstream from
the confluence with the Somers Branch and for the
Upper Pike River upstream from the confluence
with the Pike Creek, it is recommended that the
water use objectives be confined within the Pike
River watershed to the Lower Pike River from the
lagoon at the Carthage College Campus upstream
to the confluence with Pike Creek; along the Pike
Creek downstream from the confluence with the
Pike River to the confluence with the Somers
Branch; along the School Tributary from the con
fluence with the Pike Creek upstream to the
Chicago & North Western Railway; on the Somers
Branch from the confluence with the Pike Creek
upstream to the Chicago & North Western Railway;
on Sorenson Creek from the confluence with the
Pike River upstream to Lathrop Avenue; and on
Nelson Creek upstream from the confluence with
Sorenson Creek to CTH KR. The standards atten
dant to the recommended water use objectives are
set forth in Table 107.
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Map 91

PRE·PUBLIC HEARING-RECOMMENDED WATER USE OBJECTIVES
FOR SURFACE WATERS IN THE PIKE RIVER WATERSHED: 2000
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As a result of the major channel improvement recommenda
tions for flood control and drainage purposes set forth in
the recommended plan for the Pike Creek downstream
from the confluence with the Somers Branch and for the
Upper Pike River upstream from the confluence with the
Pike Creek, it was initially recommended that the appliea·
tion of water use objectives providing for the maintenance
of a warm water fishery and full recreational use be limited
within the Pike River watershed to the Lower Pike River
from the lagoon at the Carthage College Campus upstream
to the confluence with the Pike Creek; along Pike Creek
upstream from the confluence with the Pike River to the
confluence with the Somers Branch; along the School
Tributary from the confluence with the Pike Creek
upstream to the Chicago & North Western Railroad; on the
Somers Branch from the confluence with the Pike Creek
upstream to the Chicago & North Western Railroad; along
Sorenson Creek from the confluence with the Pike River
upstream to Lathrop Avenue; and along Nelson Creek
upstream from the confluence with Sorenson Creek to
CTH KR. All of the other perennial stream reaches in the
Pike River watershed were initially recommended to meet
standards for the maintenance of a limited fishery and for
limited recreational use.
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Table 107

FINAL RECOMMENDED WATER USE OBJECTIVES AND WATER QUALITY
STANDARDS FOR STREAMS IN THE PIKE RIVER WATERSHED: 2000a

Combinations of Water Use Objectives Applicable
to the Pike River Watershed Streams

Recreational Use. and Limited Recreational Use.
Water Quality Parameters Minimum Standardsb and Minimum Standardsb

Maximum Temperature (oF) .... 89
c 89

c

pH Range (standard units) ...... G.0-9.0d G.0-9.0
d

Minimum Dissolved Oxygen (mgfl) . 5.0 3.0
Maximum Fecal Coliform (counts per 100 mil 200-400

e 200-400e

Maximum Total Residual Chlorine (mgfl) ... 0.01 0.5
Maximum Un-ionized Ammonia Nitrogen (mg/ll . 0.02

f 0.20
g

Maximum Total Phosphorus (mgfl). O.~ --
Other ..........................

h-- --

aIncludes SEWRPC interpretations of all basic water use categories established by the Wisconsin Department of Natural Resources and addi
tional categories established under the regional water quality management planning program. plus those combinations of water use categories
applicable to the Southeastern Wisconsin Region. It is recognized that under both extremely high and extremely low flow conditions. instream
water levels can be expected to violate the established water quality standards for short periods of time without damaging the overall health
of the stream. It is important to note the critical differences between the official state and federally adopted water quality standards-com
posed of "use designations" and "water quality criteria"-and the water use objectives and supporting standards of the Regional Planning
Commission described here. The U. S. Environmental Protection Agency and the Wisconsin Department of Natural Resources. being regula
tory agencies, utilize water quality standards as a basis for enforcement actions and compliance monitoring. This requires that the standards
have a rigid basis in research findings and in field experience. The Commission. by contrast. must forecast regulations and technology far into
the future, documenting the assumptions used to analyze conditions and problems which may not currently exist anywhere. much less in or
near southeastern Wisconsin. As a result. more recent-and sometimes more controversial-study findings must sometimes be applied. This
results from the Commission's use of the water quality standards as criteria to measure the relative merits of alternative plans.

bAll waters shall meet the following minimum standards at all times and under all flow conditions: substances that will cause objectionable
deposits on the shore or in the bed of a body of water shall not be present in such amounts as to interfere with public rights in waters of the
State. Floating or submerged debris, oil. scum. or other materials shall not be present in such amounts as to interfere with public rights in the
waters of the State. Materials producing color. odor. taste. or unsightliness shall not be present in amounts found to be of public health signifi
cance. nor shall substances be present in amounts which are acutely harmful to animal, plant. or aquatic life.

cThere shall be no temperature changes that may adversely affect aquatic life. Natural daily and seasonal temperature fluctuations shall be
maintained. The maximum temperature rise at the edge of the mixing zone above the existing natural temperature shall not exceed !fJF
for streams.

d The pH shall be within the range of 6.0 to 9.0 standard units with no change greater than 0.5 unit outside the estimated natural seasonal
maximum and minimum.

eShall not exceed a monthly geometric mean of 200 per 100 ml based on not less than five samples per month nor a monthly geometric mean
of 400 per 100 ml in more than 10 percent of all samples during any month.

f This level of un-ionized ammonia is estimated to be present at the temperature range of 70-7!fJF and a pH of 8.0 standard units. which
approximates the critical conditions in the Pike River watershed. and at ammonia-nitrogen concentrations of about 0.4 mg/l or greater.

gThis level of un-ionized ammonia is estimated to be present at the temperature range of 70-7!fJF and a pH of 8.0 standard units. which
approximate the critical conditions in the Pike River watershed, and at ammonia-nitrogen concentrations of about 4.0 mg/I or greater.

hUnauthorized concentrations of substances are not permitted that alone or in combination with other materials present are toxic. The deter
mination of the toxicity of a substance shall be based upon the available scientific data base. References to be used in determining the toxicity
of a substance shall include. but not be limited to, The Federal Register, Part V, Environmental Protection Agency, "Water Quality Criteria
Documents; Availability," November 28, 1980; Quality Criteria for Water. EPA 440/9-76-D03, U. S. Environmental Protection Agency, Wash
ington, D. C., 1976; and Water Quality Criteria, 1972, EPA-R3-73-D03, National Academy of Sciences, National Academy of Engineering,
U. S. Government Printing Office, Washington, D. C., 1974. Questions concerning the permissible levels, or changes in the same, ofa substance,
or combination of substances, of undefined toxicity shall be resolved in accordance With the methods specified in Water Quality Criteria, 1972
and Standard Methods for the Examination of Water and Wastewater, 14th Edition, American Public Health Association, New York, 1975, or
other methods approved by the Wisconsin Department of Natural Resources.

Source: Wisconsin Department of Natural Resources and SEWRPC.
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COST ANALYSIS

In order to assist public officials in evaluating the
foregoing recommended comprehensive Pike River
watershed plan, a preliminary capital improvement
program with attendant operation and mainte
nance costs was prepared which, if followed, would
result in total watershed plan implementation by
the year 2000. In addition, an analysis was made
of recent public expenditures in the watershed for
major flood control and drainage purposes in order
to determine if sufficient monies were likely to
be available to implement the floodland manage
ment portion of the recommended watershed plan.
Similar analyses were not completed for the land
use, park and open space, and water quality man
agement recommendations set forth in the water
shed plan, since those analyses were performed
as part of the regional park and open space and
regional water quality management plans and do
not represent newly developed recommendations
or new costs for the purposes of the Pike River
watershed plan.

The schedule of capital and operation and main
tenance costs for the recommended watershed
plan is set forth in Table 108. This schedule
assumes a 17-year plan implementation period
beginning in 1984 and extending through the year
2000. The total capital cost of implementing the
entire Pike River watershed plan is estimated at
$20.2 million, representing an average annual capi
tal expenditure over the 17-year period of nearly
$1.2 million. Of this total, about $5.0 million, or
about 25 percent and representing an annual aver
age expenditure of $294,600, is required to imple
ment the park and open space element of the
plan, including the acquisition of primary environ
mental corridor lands; about $10.1 million, or
about 50 percent of the total and representing
an annual average expenditure of $593,900, is
required for implementation of the water quality
management element of the plan; and about
$5.1 million, or 25 percent of the total and repre
senting an annual average expenditure of about
$298,400, is required for implementation of the
floodland management element of the plan.

The total capital investment and operation and
maintenance cost required for plan implemention
may be expected to approximate $1.5 million on
an average annual basis, or about $33.56 per capita
per year over the 17-year plan implementation
period. This per capita cost is based on a resident
watershed population of 44,700 persons which is
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equal to the anticipated average resident popula
tion in the watershed between the 1980 population
level of 33,400 persons and the planned year 2000
population level of 56,300 persons. The average
annual costs of implementation of the land use
and park and open space element, the water
quality management element, and the floodland
management element are estimated at, respectively,
about $417,900, or $9.35 per capita per year;
$744,800, or $16.66 per capita per year; and
$329,800, or $7.38 per capita per year.

As noted above, the only significant newly pro
posed projects and accompanying expenditures in
the Pike River watershed plan are those associated
with the floodland management element. Accord
ingly, an analysis was conducted to determine the
level of public expenditures for flood control and
related improvements in the watershed in recent
years in order to determine whether or not the
recommended flood control improvements set
forth in the plan could likely be accomplished by
continuing the historic pattern of expenditures, or
whether a change in that historic pattern would be
required. A survey was made of the flood control
expenditures by the local units of government in
the Pike River watershed over the period 1972
through 1982. The results of this survey are set
forth in Table 109. As indicated in this table, the
local units of government m the watershed have
collectively expended nearly $1.1 million over the
last 11 years for major flood control and drainage
improvements, representing an average ahnual
expenditure of nearly $100,000. As noted above,
the estimate of the capital expenditures required to
implement the floodland element of the plan over
the next 17 years would require an average annual
expenditure of slightly over $300,000. Thus, it
may be concluded that for full implementation
of the plan to occur by the plan design year
2000, an increase in the average annual expendi
ture would be required from about $100,000 to
about $300,000 annually. Alternatively, the period
of implementation of the major flood control
projects could be extended beyond the plan design
year and thus reduce the average annual capital
outlay required.

THE ABILITY OF THE RECOMMENDED
COMPREHENSIVE PLAN FOR THE PIKE
RIVER WATERSHED TO MEET ADOPTED
OBJECTIVES AND STANDARDS

The watershed development objectives and sup
porting standards were formulated early in the
Pike River watershed study as the second step in



Table 108

SCHEDULE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS OF THE
RECOMMENDED PLAN FOR THE PIKE RIVER WATERSHED BY PLAN ELEMENT AND YEAR: 1984-2000

Land Use and Park and Open Space Element

Primary Parks and
Environmental Corridor Recreation Corridor Subtotal

Land
Operation Acqu isition Operation Operation

Calendar Project Land and and and and
Year Year Acquisition Maintenance Development Maintenance Capital Maintenance Total

1984 1 $ 205,600 $ 3,060 $ 196,100 $ 14,100 $ 401,700 $ 17,160 $ 418,860
1985 2 205,600 6,120 196,100 28,200 401,700 34,320 436,020
1986 3 205,600 9,180 196,100 42,300 401,700 51,480 453,180
1987 4 205,600 12,240 196,100 56,400 401,700 68,640 470,340
1988 5 205,600 15,300 149,200 65,500 354,800 80,800 435,600
1989 6 205,600 18,360 149,100 74,600 354,700 92,960 447,660
1990 7 205,600 21,420 149,100 83,700 354,700 105,120 459,820
1991 8 205,600 24,480 149,100 92,800 354,700 117,280 471,980
1992 9 205,600 27,540 149,100 101,8(J(J. 354,700 129,340 484,040
1993 10 205,600 30,600 149,100 110,900 354,700 141,500 496,200
1994 11 -- 30,600 149,200 120,000 149,200 150,600 299,800
1995 12 -- 30,600 149,100 129,100 149,100 159,700 308,800
1996 13 -- 30,600 195,000 139,040 195,000 169,640 364,640
1997 14 _. 30,600 195,000 148,980 195,000 179,580 374,580
1998 15 .- 30,600 195,000 158,820 195,000 189,420 384,420
1999 16 .- 30,600 195,000 168,760 195,000 199,360 394,360
2000 17 .- 30,600 195,100 178,700 195,100 209,300 404,400

Watershed Total $2,056,000 $382,500 $2,952,500 $1,713,700 $5,008,500 $2,096,200 $7,104,700

Annual Average $ 120,900 $ 22,500 $ 173,700 $ 100,800 $ 294,600 $ 123,300 $ 417,900

Water QualitY Management Element

Point Source Diffuse Source Water Quality
Pollution Abatement Pollution Abatement Monitoring Subtotal

Operation Operation Operation Operation
Calendar Project and and and and

Year Year Capital Maintenance Capital Maintenance Capital Maintenance Capital Maintenance Total

1984 1 $ 100,000 $ .- $ 583,000 $ 30,000 $ -- $ -- $ 683,000 $ 30,000 $ 713,000
1985 2 744,000 -- 583,000 60,000 _. _. 1,327,000 60,000 1,387,000
1986 3 743,000 16,000 583,000 90,000 -- 17,000 1,326,000 123,000 1,449,000
1987 4 -- 16,000 583,000 120,000 -- -- 583,000 136,000 719,000
1988 5 .. 16,000 583,000 150,000 .. -- 583,000 166,000 749,000
1989 6 -- 16,000 583,000 152,000 -- .. 583,000 168,000 751,000
1990 7 .. 16,000 584,000 152,000 _. -- 584,000 168,000 752,000
1991 8 -- 16,000 584,000 152,000 -- 17,000 584,000 185,000 769,000
1992 9 -- 16,000 427,000 152,000 _. -- 427,000 168,000 595,000
1993 10 _. 16,000 427,000 152,000 .. -- 427,000 168,000 595,000
1994 11 .. 16,000 427,000 152,000 -- -- 427,000 168,000 595,000
1995 12 .. 16,000 427,000 152,000 -- 17,000 427,000 185,000 612,000
1996 13 -- 16,000 427,000 152,000 -- .. 427,000 168,000 595,000
1997 14 -- 16,000 427,000 152,000 .. -- 427,000 168,000 595,000
1998 15 .- 16,000 427,000 152,000 -- -- 427,000 168,000 595,000
1999 16 -- 16,000 427,000 152,000 -- -- 427,000 168,000 595,000
2000 17 -- 16,000 427,000 152,000 .- .- 427,000 168,000 595,000

Watershed Total $1,587,000 $240,000 $8,509,000 $2,274,000 $ .. $51,000 $10,096,000 $2,565,000 $12,661,000

Annual Average $ 93,400 $ 14,100 $ 500,500 $ 133,800 $ .- $ 3,000 $ 593,900 $ 150,900 $ 744,800
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Table 108 (continued)

Floodland Management Element

Structure
Channel Improvements, Floodproofing

Dikes, Bridge and Streamflow
Replacement, Jetties Elevation Gaging Subtotal

Operation Operation Operation

Calendar Project and and and

Year Year Capital Maintenance Capital Maintenance Capital Maintenance Total

1984 1 $ 37,900 $ 300 $ $ 7,000 $ 37,900 $ 7,300 $ 45,200
1985 2 137,800 300 46,900 7,000 184,700 7,300 192,000
1986 3 1,025,700 9,300 46,900 7,000 1,072,600 16,300 1,088,900
1987 4 978,200 17,300 46,900 7,000 1,025,100 24,300 1,049,400
1988 5 796,700 23,500 46,900 7,000 843,600 30,500 874,100
1989 6 502,400 26,600 46,900 7,000 549,300 33,600 582,900

1990 7 673,800 30,100 _. 7,000 673,800 37,100 710,900
1991 8 171,400 30,300 _. 7,000 171,400 37,300 208,700

1992 9 171,400 30,500 _. 7,000 171,400 37,500 208,900
1993 10 171,400 30,700 .. 7,000 171,400 37,700 209,100
1994 11 171,400 30,900 .. 7,000 171,400 37,900 209,300
1995 12 .- 30,900 -- 7,000 .. 37,900 37,900
1996 13 . - 30,900 .. 7,000 _ . 37,900 37,900
1997 14 -- 30,900 -- 7,000 -- 37,900 37,900
1998 15 -- 30,900 -- 7,000 -- 37,900 37,900
1999 16 -- 30,900 -- 7,000 -- 37,900 37,900
2000 17 -- 30,900 -- 7,000 -- 37,900 37,900

Watershed Total $4,838,100 $415,200 $234,500 $119,000 $5,072,600 $534,200 $5,606,800

Annual Average $ 284,500 $ 24,400 $ 13,800 $ 7,000 $ 298,400 $ 31,400 $ 329,800

Total

Operation
Calendar Project and

Year Year Capital Maintenance Total

1984 1 $ 1,122,600 $ 54,460 $ 1,177,060
1985 2 1,913,400 101,620 2,015,020
1986 3 2,800,300 190,780 2,991,080
1987 4 2,009,800 228,940 2,238,740
1988 5 1,781,400 277,300 2,058,700
1989 6 1,487,000 294,560 1,781,560
1990 7 1,612,500 310,220 1,922,720
1991 8 1,110,100 339,580 1,449,680
1992 9 953,100 334,840 1,287,940
1993 10 953,100 347,200 1,300,300
1994 11 747,600 356,500 1,104,100
1995 12 576,100 382,600 958,700
1996 13 622,000 375,540 997,540
1997 14 622,000 385,480 1,007,480
1998 15 622,000 395,320 1,017,320
1999 16 622,000 405,260 1,027,260
2000 17 622,100 415,200 1,037,300

Watershed Total $20,177,100 $5,195,400 $25,372,500

Annual Average $ 1,186,900 $ 305,600 $ 1,492,500

Source: SEWRPC.

a seven-step planning process, and constitute the
overall goals of the comprehensive plan. The
objectives and standards established for the Pike
River watershed planning program consist of
objectives and standards adopted under related
areawide land use, park and open space, and water
pollution abatement planning programs, supple-
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mented with objectives and standards developed
under the Pike River watershed planning program.
The adopted watershed development objectives
and supporting standards provide the basis for plan
preparation, test, and evaluation. It is appropriate
to determine how well the recommended compre
hensive plan for the watershed meets these adopted
objectives and standards. Accordingly, an evalua
tion of the comprehensive plan was made on the
basis of its ability to meet the watershed devel
opment objectives and standards. The results of
that evaluation are presented in summary form in
Table 110.

The relatively small number of standards that
could not be met or which would be only par
tially met under the recommended comprehensive
plan for the Pike River watershed, as indicated in
Table 110, support objectives that are inextricably
related to the underlying natural base. The failure
to meet those standards reflects the practically
unavoidable effects on the natural resource base
of the watershed of extensive agricultural devel
opment and increasing urbanization, effects not
readily assimilated within the relatively small Pike
River watershed. Adoption and implementation of
the recommended watershed plan could, however,
nevertheless result in substantial attainment of the
adopted watershed development objectives, and



Table 109

FLOOD CONTROL EXPENDITURES BY LOCAL UNITS OF GOVERNMENT IN THE PIKE RIVER WATERSHED: 1972-1982

Civil Flood Control
Year Division Measures Cost

1972 Town of Mt. Pleasant Lamparek Ditch channel improvement $ 4,100

1973 Town of Mt. Pleasant Bartlett Branch channel improvement 133,800

Sorenson Creek channel improvement 14,400
1974 Town of Mt. Pleasant Lamparek Ditch channel improvement 12,500

1975 Town of Mt. Pleasant 5TH 31 detention pond 160,900
1976 Town of Mt. Pleasant Pike River channel improvement 50,300
1977 Town of Mt. Pleasant Heritage Heights outfall 83,400
1978 -- .- --
1979 -- .. --
1980 City of Kenosha 18th Street detention pond 258,500
1981 Town of Mt. Pleasant Lamparek Ditch channel improvement 17,500
1982 Town of Mt. Pleasant Lehner detention pond! 320,300

Madsen detention pond

Total $1,055,700

11-Year Average $ 95,973

Source: SEWRPC.

thus implementation of the plan may be expected
to provide a safer, more healthful, and more plea
sant, as well as a more orderly and efficient,
environment for all life within the watershed.

CONSEQUENCES OF NOT IMPLEMENTING
THE RECOMMENDED COMPREHENSIVE
PLAN FOR THE PIKE RIVER WATERSHED

Within the framework of the overriding goals of
the Pike River watershed planning program-that
is, the adopted objectives and standards-it is likely
that the recommended comprehensive plan for the
basin approaches the optimum or best combination
of measures for: 1) resolving the water resource
and water resource-related problems, such as flood
ing, water pollution, diminishing quality of the
natural resource base, and changing land use in the
Pike River watershed; and 2) preventing aggrava
tion of the existing problems or the development
of new environmental problems within the basin.
This is believed to be so because preparation of the
recommended comprehensive plan for the Pike
River watershed involved the conduct of extensive
inventories; application of state-of-the-art analytic
tools; exhaustive examination of alternative sub
elements and careful evaluation of the technical,
economic, and environmental impacts of each
alternative; preparation of a plan implementation
strategy and capital and operation and mainte
nance expenditure schedule; and several years of

deliberation by the Pike River Watershed Com
mittee, a committee comprised of knowledgeable
and concerned citizens and public officials.

In the absence of a sound comprehensive water
shed plan, a multitude of incorrect decisions are
likely to be made and courses of action are likely
to be followed that will lead to the aggravation of
existing water resource and water resource-related
problems, as well as to the development of new
problems. Because the comprehensive plan for
the Pike River watershed seeks to identify those
courses of action most likely to result in the
rational, most cost-effective, and lasting solutions
to the water resource and water resource-related
problems of the watershed and the prevention of
future problems, it is appropriate to identify and,
where feasible, to quantify the consequence of
not adopting and implementing the recommenda
tions contained within the comprehensive plan for
the Pike River watershed. The analysis of the
consequences of not adopting and implementing
the watershed plan has a negative aspect in that
it identifies water resource and water resource
related problems that may be expected to occur or
be aggravated within the watershed in the absence
of watershed plan implementation. The analysis
is positive or constructive, however, in that it is
intended to support and reinforce the need for
implementation of the recommended rational,
long-range, comprehensive plan for the watershed.
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Table 110

ABILITY OF THE RECOMMENDED COMPREHENSIVE PLAN FOR THE PIKE RIVER
WATERSHED TO MEET ADOPTED WATERSHED DEVELOPMENT OBJECTIVES AND STANDARDS

Objective
Degree to Which

Number Description Standard Standard is Me~

LAND USE OBJECTIVES

1 A balanced allocation of space Residential High-density urban-eight net acres Meta

to the various land use land allocation per 100 added dwelling units
categories which meets
the social, physical, and Medium-density urban-23 net acres Meta

economic needs of the per 100 added dwelling units
regional population

Low-density urban-83 net acres Meta

per 100 added dwelling units

Suburban-167 net acres per Meta

100 added dwelling units

Rural-SOD net acres per Meta

100 added dwelling units

Park and recreation Major-four net acres per Meta

land allocation 1,000 added persons
Other-eight net acres per Meta

1,000 added persons

Industrial land Seven net acres per Partially Meta

allocation 100 added employees

Commercial land Major-one net acre per Partially Meta

allocation 100 added employees
Other-two net acres per Partially Meta

100 added employees

Governmental and Nine net acres per Meta

institutional 1,000 added persons
land allocation

2 A spatial distribution of the Neighborhood units for urban high·, medium-, and low-density Could be Metb

various land uses which will residential development
result in a compatible
arrangement of land uses Suburban and rural residential land location Met

Industrial land location Met

Regional commercial land location Met

3 A spatial distribution of Soils Sewered urban development Meta

various land uses which
will result in the protection Unsewered suburban development Meta

and wise use of the natural
resources of the Region, Rural development Meta

including its soils, inland
lakes and streams, wet- Inland lakes and streams 25 percent of shoreline of perennial Met

lands, woodlands, and streams in natural state
wildlife

50 percent of shoreline of perennial Met
streams in nonurban use

Floodlands free from new Met
incompatible urban development

Restrict encroachments in Met
channels and floodways

Wetlands Protect wetlands over 50 acres and Met
those with high resource values

Woodlands Protect 10 percent of watershed Not Met

Maintain five acres per Met
1,000 regional population

Wildlife Maintain a wholesome habitat Met



Table 110 (continued)

Objective
Degree to Which

Number Description Standard Standard is Met

4 A spatial distribution of the Maximize use of existing transportation and utilitY facilities Meta

various land uses which is

properly related to the Transportation systems to provide access to urban areas Could be Met
supporting transportation,
utility, and public facility Sewer service to residential areas Meta

systems in order to assure
the econom ical provision Water supply to residential areas Meta

of transportation, utility,
and municipal services Residential land serviceable by mass transit facilities Met

Minimize penetration by major transportation routes of residential Could be Metb

neighborhood units

Locate transportation terminal facilities near principal land Could be Metb

uses served

5 The development and Locate residential development in physically self-contained Could be Metb

conservation of residential neighborhood units
areas within a physical

Could be Metbenvironment that is healthy. Locate appropriate land uses within neighborhood units
safe, convenient, and
attractive Locate suburban and rural residential development properly Met

to environment

6 The preservation, development, Regional industrial site requirements Meta

and redevelopment of a
variety of suitable industrial Regional commercial site requ irements Meta

and commercial sites in
Could be Metbterms of both physil Local industrial site requirements

characteristics and location
Could be MetbLocal commercial site requirements

7 The preservation and provision Local park spatial location Could be Metb

of open space to enhance
the total quality of the Regional park spatial location Meta

regional environment,
maximize essential natural Areas of scientific, cultural scientific, and educational value Meta

resource availability, give
form and structure to urban
development, and facilitate
the ultimate attainment of
a balanced year-round
outdoor recreational
program providing a full
range of facilities for
all age groups

8 The preservation of land areas Preserve all prime agricultural areas Partially Met
for agricultural uses in order
to provide for certain Preserve other appropriate agricultural areas Partially Met

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

PARK AND OPEN SPACE OBJECTIVES

1 The provision of an integrated Sufficient recreation sites Regional Met

system of public general-use to meet the recreation
outdoor recreation sites and demand of population MulticommunitY Met

related open space areas
which will allow the resident Community Met

population of the Region
adequate opportunity to Neighborhood Met

participate in a wide range
of outdoor recreation Recreation sites located within corridors Met

activities
Linear recreation corridor requirement Met

Recreation corridor dimensions Met

Travel distance to recreation corridors Met

Resource·oriented recreation corridors Met
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Table 110 (continued)

Objective
Degree to Which

Number Description Standard Standard is Met

2 The preservation of sufficient Preserve all remaining nonurban lands within corridors Met
high-qualitY open space
lands for protection of the Preserve all prime agricultural lands Partially Met
underlying and sustaining
natural resource base and Preserve agricultural lands adjoining recreation or educational sites Partially Met
enhancement of the social
and econom ic well-being
and environmental quality
of the Region

3 The efficient and econom ieal Minimize the total of all expenditures required to meet park Met
satisfaction of outdoor demands and open space needs
recreation and related open
sPace needs, meeting all
other objectives at the
lowest possible cost

SANITARY SEWERAGE SYSTEM AND WATER QUALITY MANAGEMENT OBJECTIVES

1 The development of land Sanitary sewer service to medium- and high-density urban development Meta
management and water
quality control practices and Sanitary sewer service to low-density development Met
facilities-inclusive of sanitary
sewerage systems-which will Sanitary sewer service in poor soil areas Meta
effectively serve the existing
regional urban development Sanitary sewer service not provided to undeveloped primary MetS

pattern and promote imple- environmental corridor lands
mentation of the regional
land use plan, meeting the Sanitary sewer service not provided to floodlands Met
anticipated need for storm-
water runoff control Sanitary sewer service restricted in areas of soils with very severe Meta
generated by the existing limitations for urban development
and proposed land uses

Orderly extension of sanitary sewerage facilities Could be Met

Sizing of sewerage facility components in accordance with land use plan Met

Treatment and disposal of industrial wastes Met

Provision of stormwater management facilities to existing proposed Met"
urban areas

Priority to prime agricultural1ands for land management practices Could be MetC

2 The development of land Level of treatment at sewage treatment plant Not Applicable
management and water
quality control practices Sewage treatment plant discharge Not Applicable
and facilities-inclusive of
sanitary sewerage systems- Standards for sewage treatment plants Not Appl icable
so as to meet the recom-
mended water use objectives Existing sewage treatment plants scheduled to be abandoned Not Applicable
and supporting water quality
standards as set forth on Prohibition of sewage bypasses to storm sewers and waterways Met
Map 43 and in Table 80

Elimination of combined and sanitary sewer overflows Met

Adequate design of sewage treatment plants Not Appl icable

Best practicable treatment of sanitary sewage by 1983 MetC

Best available treatment of industrial sewage by 1983 Mete

No nonconforming pollutant discharge by 1985 MetC

Stormwater treatment and land management practices MetC

Stream fencing and feedlot runoff control MetC

Orderly transition of rural lands to urban uses MetC



Table 110 (continued)

Objective
Degree to Wh ich

Number Description Standard Standard is Met

3 The development of land Location of new and replacement sewage treatment plants Not Applicable
management and water outside the 100·year recurrence interval floodplain
quality control practices
and facilities-inclusive of Floodproofing existing sewage treatment plants in the 100-year Not Applicable
sanitary sewerage systems- recurrence interval floodplain
that are properly related to
and will enhance the overall location of new and replacement sewage treatment and stormwater Not Applicable
quality of the natural and treatment and storage facilities for compatibility with existing
man-made environments and proposed development

Provision of aesthetically compatible new and replacement sewage Not Applicable
treatment plants with buffer zones between existing and
proposed development

Disposal of sewage treatent plant sludge Not Appl icable

Proper location of pollutant storage facilities in relation to the Not Appl icable
100~year recurrence interval floodplain

Elimination of discharges of heavy metals, pesticides, and other Could be Met"
toxic and hazardous substances

Nondegradation of existing water quality Cou Id be Met"

4 The development of land Minimize investment and operating costs of sanitary sewerage systems Could be Met
management and water and stormwater control facilities and related land management
quality control practices practices
and facilities-inclusive of
sanitary sewerage systems- Minimize number of sanitary sewerage system and sewage Met
that are economical and treatment facilities
efficient, meeting all other
objectives at the lowest Maximize feasible use of sanitary sewerage facilities Met
possible cost

Use of new and improved materials and management practices Could be Met

Staged or incremental construction of sanitary sewerage facilities Met

Minimize land acquisition costs for new sewer construction Met

Minimize excessive clear water inflows and infiltration into sanitary Met
sewerage system

Integrated design of sanitary and storm sewer systems Could be Met

5 The development of water Develop and establish system of user charges and industrial cost Could be Met
quality management recovery for program support
institutions-inclusive of
the governmental units and Maximum utilization of existing institutional structures Met
their responsibilities,
authorities, policies, Water pollution control by local entities Met
procedures, resources, and
supporting revenue-raising Provide management groups with necessary resources Could be Met
mechanisms which are
effective and locally
acceptable, and which will
provide a sound basis for
plan implementation,
including the planning,
design, construction,
operation, maintenance,
repair and replacement of
water quality control
practices and facilities,
inclusive of sanitary
sewerage systems, storm-
water management
systems, and land
management practices
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Table 110 (continued)

Objective
Degree to Wh ich

Number Description Standard Standard is Met

WATER CONTROL OBJECTIVES

1 An integrated system of New and replacement Minor streets-pass the 10-year Could be Met
drainage and flood control bridges and cu Iverts recurrence interval flood
facilities and flood land
management programs which Arterial streets and. highways-pass the Could be Met
will effectively reduce 50-year recurrence interval flood
flood damage under the
existing land use pattern Freeways and expressways-pass the Could be Met
of the watershed and 1DO-year recurrence interval flood
promote the implementation
of the watershed land use New or replacement bridges and culverts shall pass the 100-year recurrence Could be Met
plan, meeting the anticipated interval flood without raising the peak stage more than 0.1 feet
runoff loadings generated
by the existing and proposed Structure design shall maximize passage of ice flow and debris Could be Met
land uses

Certain new and replacement bridges and culverts shall pass the Could be Met
100-year recurrence interval flood with two feet of freeboard

Existing bridges and culverts to meet standards 1,3, and 4 above Not Met

Channel improvements, dikes, and floodwalls should be restricted to the Met
absolute minimum necessary

The height of dikes and floodwalls shall pass the 100-year recurrence Met
interval flood with two feet of freeboard

The construction of channel modifications, dikes, or floodwalls to Could be Met
change limits of regulatory floodlands

Upon completion of the construction of reservoirs and diversions, Could be Met
regulatory floodland limits will be changed

All other water control facilities such as dams or diversion channels Met
shall accommodate the 100-year recurrence interval flood

Public land acquisition to eliminate water control facilities shall Met
encompass the entire 100·year recurrence interval floodplain

Regulatory floodways shall accommodate existing committed and Could be Met
planned floodplain land uses

Floodway stage increase limited to 0.1 foot based on equal degree Could be Met
of encroachment

2 An integrated system of land Satisfy established water quality standards which are applicable Met
management and water except during 1) extreme low-flow periods and 2) extreme
quality control facilities conditions recognized in the probabilistic approach to water quality
and pollution abatement standards achievement
devices adequate to assure
a quality of surface water
necessary to support
recreational use

aThis standard has been met under the recommended land use plan and regional sanitary sewerage system plan because it served as an input to the plan design
process.

b This standard could be met only by local community action.

c This standard has been met under the recommended water quality management plan because it served as an input to the plan design process.

Source: SEWRPC.

The analysis of the likely consequences of not
implementing the recommended comprehensive
plan for the Pike River watershed is based primarily
on two sources of information: 1) the data col
lected and the analyses conducted under the Pike
River watershed planning program,and 2) empirical
information derived from observation of water
resource and water resource-related problems that
already exist within the seven-county planning
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Region and which have been the subject of other
Commission plan and plan implementation activi
ties. The likely consequences of not implementing
the recommended comprehensive plan for the Pike
River watershed are summarized in Table 111.
Within the overall framework of the three basic
plan elements-the land use and park and open
space plan element, the floodland management
plan element, and the water quality management



Table 111

PROBABLE CONSEQUENCES OF NOT IMPLEMENTING THE
RECOMMENDED COMPREHENSIVE PLAN FOR THE PIKE RIVER WATERSHED

Plan
Element

Land Use

Floodland
Management

Water Qual itv

Management

Source: SEWRPC.

Plan Subelement

Overall land use

Primary environmental corridor

Park and open space plan

Recreational trails

Flood control measures for:

Bartlett Branch.

Somers Branch.

Airport Branch and Tributary

to Airport Branch
Sorenson Creek.

Pike Creek

Upper Pike River.

Lower Pike River.

Pike River Estuary.

Bridge replacement

(for transportation purposes)

Land use controls:

Floodland regulations.

Control of land use outside
floodlands.

Flood insurance

Lending institutions and
realtor policies

Community utility policies ..

Emergency procedures

Stream gaging network

Municipal sewage treatment

plant abandonment.

Combined and sanitary sewer

overflow abatement.

Industrial discharge abatement

Sanitary sewer service to all

new urban developments.

Elimination of malfunctioning

onsite disposal systems.

Feedlot runoff control measures

Rural and urban diffuse source

pollution control measures.

Probable Negative Consequences of Failure
to Implement Plan Recommendations

• Increased cost of public utilities and services such as
sanitary sewerage, water supply, transportation, police,
and fire protection

• Loss of much remaining prime agricultural land

• Essentially all of the negative consequences discussed below
since most are inextricably related to the land use plan

• Loss of recreational, aesthetic, ecologic, and cultural values
found in essentially natural unprotected riverine lands and

associated woodland, wetland; and wildlife habitat areas

• Loss of recreational, aesthetic, environmental, and cultural
values in park and open space lands

• Prevent full public use and enjoyment of primary environ
mental corridor lands

• Continuation of average annual flood damage risk of $1,900
or more under existing conditions

• Continuation of average annual flood damage risk of $300 or
more under existing conditions

• Probable future flood damage risk
• Continuation of average annual flood damage risk of $8,000

or more under existing conditions

• Continuation of average annual flood damage risk of $64,000
or more under existing conditions

• Continuation of average annual flood damage risk of $11,100
or more under existing conditions

• Continuation of average annual flood damage risk of $64,000
or more under existing conditions

• Continuation of average annual flood damage risk of $11,200
or more under existing conditions

• Interference with operation of highway and railroad facilities

during flood events

• Increased flood losses due to construction of new flood

prone structures

• Aggravation of upstream and downstream flood problems
due to loss of conveyance and storage resulting in up to

two-fold increase in average annual flood damages

• Loss of critical portions of primary environmental corridors

• Increased runoff to the stream system resulting in up to a
three-fold increase in average annual flood damages

• Large monetary losses absorbed by owners of flood-prone
structures and propertY

• Acquisition of flood-prone lands and structures by
unwary buyers

• Tacit approval of urban development in flood-prone lands
and in primary environmental corridors

• Damage to property and risk to property owners due to
inadequate information about floods already in progress

• Lack of critical flow data on actual flood events for use in
monitoring urbanization effects and in eventually refining

simulation models

• Large nutrient load to Somers Branch, Pike Creek, and the

Pike River

• Continuation of overflows with resultant inorganic, organic,
nutrient, pathogenic, and aesthetic polluflon

• Localized pollution problems

• Localized and instream hazards and localized objectionable

aesthetic conditions

• Continued contamination of surface waters and ground
water with pathogenic pollution and continued nutrient

loading and aesthetic pollution of streams

• Localized instream health hazards and objectionable

aesthetic conditions

• Continued watershedwide surface water quality degradation
during and immediately after runoff events, as well as
during normal and low-flow periods

539



plan element-Table 111 identifies each plan sub
element and some likely negative consequences of
failure to implement those subelements.

SUMMARY

The various plan elements recommended to be
adopted as integral parts of the comprehensive
plan for the Pike River watershed have all been
described separately and in detail in the preceding
chapters of this report. This chapter presents a con
cise description of the overall recommended com
prehensive plan for the Pike River watershed as
that plan was synthesized from the best alterna
tives considered. The comprehensive plan consists
of a land use and park and open space element,
a water quality management element, and a flood
land management element.

Under the comprehensive watershed plan recom
mended herein, future urban development within
the watershed would be guided through locally
exercised land use controls into a more orderly and
economical land use pattern, and intensification of
existing and creation of new developmental and
environmental problems would thus be avoided.
The primary environmental corridors of the water
shed, together with the remaining undeveloped
floodlands, would be protected from incompatible
urban development, thereby assuring continuing
enjoyment of the recreational, aesthetic, ecological,
and cultural values associated with the riverine
areas, while avoiding intensification of flood
damage and water pollution problems. Primary
environmental corridor preservation would be
accomplished by public regulation and acquisition
of corridor lands. The recommended plan would
accommodate a planned year 2000 population
in the watershed of about 56,300 persons and
a planned employment level in the year 2000 of
about 25,200 jobs. To accommodate the increase
in population and employment, an additional
15 square miles of land would be converted from
rural to urban use.

The overall land use plan element for the Pike
River watershed is intended, in part, to minimize
aggravation of existing flood problems and help
prevent future flood problems. Structural flood
control measures are also recommended, where
necessary, to resolve existing flooding problems
and enhance the overall drainage system of the
watershed. In particular, the floodland manage
ment plan element includes recommendations for
channel improvements and bridge replacement
along the Pike Creek, the Airport Branch and the
Tributary to Airport Branch, and the Upper Pike
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River; the construction of dikes along Bartlett
Branch and the Lower Pike River; the construction
of jetties at the mouth of the Pike River on Lake
Michigan; and structure floodproofing and eleva
tion along the Bartlett Branch and the Lower Pike
River. No structural measures are recommended
for Waxdale Creek and the Tributary to Waxdale
Creek, Chicory Creek, Lamparek Ditch, Nelson
Creek, and the Kenosha Branch.

In addition to the foregoing measures, the flood
land management element of the plan includes
recommended standards relative to bridge replace
ment to assure that major streets and highways
remain operable during major flood events. Finally,
the floodland management plan includes various
supplemental measures intended to minimize the
monetary losses associated with flooding, includ
ing participation in the Federal Flood Insurance
Program and continuation of desirable lending
institution and realtor policies concerning the
sale of riverine area properties. Maintenance of
a basic cooperative stream gaging program is
also recommended.

The recommended Pike River watershed plan incor
porates those water quality management measures
set forth in the adopted regional water quality
management plan which are directly applicable to
the Pike River watershed. These include the aban
donment of the single remaining municipal sewage
treatment plant in the watershed-that serving the
Town of Somers Utility District No.1, the elimina
tion or abatement of pollution from three sewage
flow relief devices in the City of Kenosha, the
institution of measures to control nonpoint source
pollution from both rural and urban land surfaces,
and the control of industrial waste discharges to
the stream system.

A preliminary sch(ldule of capital and operating
and maintenance costs was prepared which, if
followed, would result in total watershed plan
implementation by the year 2000. The total capital
cost of implementing the entire Pike River water
shed plan is estimated at $20.2 million, represent
ing an average annual capital expenditure over the
17-year period of nearly $1.2 million. Of this total,
about $5.0 million, or about 25 percent and repre
senting an annual average expenditure of $294,600,
is required to implement the park and open space
element of the plan, including the acquisition of
primary environmental corridor lands; about
$10.1 million, or about 50 percent of the total and
representing an annual average expenditure of
$593,900, is required for implementation of the



water quality management element of the plan;
and about $5.1 million, or 25 percent of the total
and representing an annual average expenditure of
about $298,400, is required for implementation of
the floodland management element of the plan.

The total capital investment and operation and
maintenance cost required for plan implemention
may be expected to approximate $1.5 million on
an average annual basis, or about $33.56 per capita
per year over the 17-year plan implementation
period. This per capita cost is based on a resident
watershed population of 44,700 persons which is
equal to the anticipated average resident popula
tion in the watershed between the 1980 population
level of 33,400 persons and the planned year 2000
population level of 56,300 persons. The average
annual cost of implementation of the land use and
park and open space element, the water quality
management element, and the floodland manage
ment element are estimated at, respectively, about
$417,900, or $9.35 per capita per year; $744,800,
or $16.66 per capita per year; and $329,800, or
$7.38 per capita per year.

The only significant newly proposed projects and
accompanying expenditures in the Pike River
watershed plan are those associated with the flood
land management element. The projects and
accompanying expenditures associated with the
park and open space and water quality management
elements of the watershed plan were addressed in
previous regional plans. An analysis was conducted
to determine the level of public expenditures for
flood control in the Pike River watershed in recent
years in order to determine whether or not the
flood control improvements set forth in the plan
could be accomplished by simply continuing the

recent historic pattern of expenditures. This
analysis indicated that collectively local units of
government are spending nearly $100,000 annually
in the Pike River watershed for capital improve
ments relating to flood control. Implementation of
the recommended floodland management element
of the watershed plan over the next 17 years would
require an average annual expenditure of slightly
over $300,000. Accordingly, an increase in the
average annual expenditure for flood control
would be required to fully implement the plan by
the design year 2000; alternatively, implementa
tion of the major flood control projects could be
extended beyond the plan design year.

An evaluation was made of the comprehensive plan
relative to its ability to meet the adopted water
shed development objectives and standards. The
analysis indicates that the watershed plan could
result in achievement of most of the standards
established in support of the adopted watershed
development objectives. Implementation of the
plan may be expected to provide a safer, health
ful, more pleasant, as well as a more orderly and
efficient environment within the watershed.

An evaluation was also conducted of the probable
consequences of not implementing the recom
mended comprehensive plan for the Pike River
watershed based on analyses carried out under
the watershed planning program and on empirical
evidence gathered from other portions of the plan
ning Region. This evaluation indicates that, in the
absence of watershed plan implementation, the
Pike River watershed will be susceptible to aggrava
tion of the costly existing water resource and water
resource-related problems and to the development
of new problems.
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Chapter XV

PLAN IMPLEMENTATION

INTRODUCTION

The recommended comprehensive plan for the
Pike River watershed, as described in Chapter XIV
of this report, provides a design for the attainment
of the specific watershed development objectives
formulated under the Pike River watershed study.
The final watershed plan consists of three major
elements: 1) a land use element, including open
space preservation and outdoor recreation sub
elements; 2) a supporting floodland management
element composed of various structural and
nonstructural subelements; and 3) a supporting
water quality management element composed of
various point and diffuse source pollution abate
ment subelements. 1

While the recommended comprehensive plan for
the Pike River watershed is designed to attain, to
the extent practicable, the agreed-upon watershed
development objectives, the plan is not complete in
a practical sense until the steps required to imple
ment the plan-that is, to convert the plan into
action policies and programs-are specified. This
chapter provides that specification and is intended
as a guide for use in the implementation of the
Pike River watershed plan. Basically, it outlines the
actions which must be taken by the various levels
and agencies of government concerned if the rec
ommended comprehensive watershed plan is to
be fully carried out by the design year 2000.
Those units and agencies of government which
have plan adoption and plan implementation
powers applicable to the Pike River watershed plan
are identified; necessary or desirable formal plan
adoption actions are specified; and specific imple
mentation actions are recommended for each of
the units and agencies of government with respect
to the land use, floodland management, and water

1 The recommended land use plan element, the rec
ommended floodland management plan element,
and the recommended water quality management
plan element, as well as the process used to arrive
at these elements and the alternatives considered,
are described in Chapters XI, XII, and XIII, respec
tively. The recommended comprehensive plan for
the Pike River watershed is described in Chap
ter XIV of this report.

quality management plan elements of the compre
hensive watershed plan. In addition, financial and
technical assistance programs available to such.
units and agencies of government in the implemen
tation of the watershed plan are discussed.

PRINCIPLES OF PLAN IMPLEMENTATION

The plan implementation recommendations con
tained in this chapter are, to the maximum extent
possible, based upon and related to existing 1980
governmental programs and are predicated. upon
existing enabling legislation. Because of the ever
present possibility of unforeseen changes in, eco
nomic conditions, state and federal legislation, case
law decisions, governmental organization, and tax
and fiscal policies, it is not possible to declare once
and for all time exactly how a process as complex
as watershed plan implementation should be
administered and financed. In the continuing
regional planning program for southeastern Wis
consin, it will, therefore, be necessary to periodi
cally update not only the watershed plan elements
and the data and forecasts on which these plan
elements are based, but the recommendations
contained herein for plan implementation.

It is important to recognize that plan implementa
tion measures must not only grow out of formally
adopted plans, but must be based upon a full
understanding of the findings and recommenda
tions contained in those plans. Thus, action policies
and programs must not only be preceded by formal
plan adoption and, following such adoption, be
consistent with the adopted plans, but must empha
size implementation of the most important and
essential elements of the comprehensive watershed
plan and those areas of action which will have the
greatest impact on guiding and shaping develop
ment in accordance with those elements. Of par
ticular importance in this regard are those plan
implementation efforts which are most directly
related to achieving the basic watershed develop
ment objectives, especially those objectives con
cerned with the protection of the underlying and
sustaining natural resource base; flood control and
flood damage abatement; and water quality control
and pollution abatement.
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Principal Means of Plan Implementation
There are three principal ways through which the
necessary watershed plan implementation may be
achieved-ways which parallel the three functions
of the Regional Planning Commission: 1) inven
tory, or the collection, analysis, and dissemination
of basic planning data on a uniform, areawide basis;
2) plan design, or the preparation of a framework
of long-range plans for the physical development of
the Region; and 3) plan implementation, or the
provision of a center for the coordination of plan
ning and plan implementation activities. All require
a receptive attitude and active planning and plan
implementation programs at the local, county, and
state levels of government.

A great deal can be achieved in guiding watershed
development into a more desirable pattern through
the simple task of collecting, analyzing, and dis
seminating basic planning and engineering data on
a continuing, uniform, areawide basis. Experience
within the Southeastern Wisconsin Region to date
has shown that, if this important inventory func
tion is properly carried out, the resulting informa
tion will be used and acted upon both by local,
state, and federal agencies of government and by
private investors. A wealth of definitive informa
tion about the natural and man-made features of
the watershed, the hydrology and hydraulics of the
watershed, and the water-related problems of the
watershed-particularly flood damage and water
pollution-was assembled under the Pike River
watershed study. The use of this information base
in arriving at development decisions on a day
to-day basis by the public and private interests
involved contributes substantially toward imple
mentation of the recommended watershed plan.

With respect to the function of plan preparation or
design, it is essential that some of the watershed
plan elements be carried into greater depth and
detail for sound plan implementation. Specifically,
the plan recommendations dealing with structural
flood control measures and pollution abatement
facilities must be carried through preliminary engi
neering to the final design stages. Further study
must be given to the acquisition and development
of proposed neighborhood parks and the devel
opment of urban outdoor recreation facilities.
The preparation of such detailed plans will require
the continuing development of close working
relationships between the Commission, the Racine
and Kenosha County Boards, the local units of
government concerned, and certain other agen
cies-in particular, the Wisconsin Department of
Natural Resources.
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To achieve a high degree of watershed plan imple
mentation, it will be essential to effectively carry
out the Commission's function as a center for the
coordination of local, areawide, state, and federal
planning and plan implementation activities within
the watershed. The community assistance program,
through which the Commission, upon request,
actively assists the local municipalities in the
preparation of local plans and plan implementation
devices, is an important factor in this function. If
properly utilized, this program should help make
possible the full integration of watershed and local
plans, adjusting the details of the latter to the
broader framework of the former.

Distinction Between the Systems
Planning, Preliminary Engineering, and
Final Design and Construction Phases of
the Public Works Development Process
The planning process used to prepare the Pike
River watershed plan constituted the first, or
systems planning phase, of what may be regarded
as a three-phase public works development process.
Preliminary engineering is the second phase in this
sequential process, with final design being the third
and last phase. Because effective implementation
of the Pike River watershed plan requires an under
standing of this three-phased process, that process
is briefly described below. Although emphasis is
placed on use of the process in preparing a com
prehensive plan for the Pike River watershed and in
the subsequent steps needed to advance that plan
toward implementation, it is important to note
that the three-phased process is applicable to any
regional or subregional plan containing recommen
dations for the development of public works for
flood control, pollution abatement, water supply,
sanitary sewerage, transportation, park and open
space, or other public facilities and services.

Systems Planning: The systems planning phase
concentrates on the precise definition of the prob
lems to be addressed and on the development and
evaluation of alternative measures for resolution of
these problems on a sound areawide basis. Systems
planning is intended to permit the selection, from
among the alternative measures considered, of the
most effective measure to resolve the identified
problems in accordance with agreed-upon objec
tives and supporting standards. In this first or sys
tems planning phase, each alternative plan element
is developed to sufficient detail to permit a sound
consistent comparison of the technical practicality
and economic feasibility of each alternative and
a proper evaluation of its nontechnical and non
economic characteristics.



Properly conducted, systems planning is compre
hensive in three ways. First, it is comprehensive
in that it takes into consideration the entire system
and attendant rational planning area most likely to
significantly influence the environmental and devel
opmental problems of concern and the proper
resolution of those problems. Water and water
resource-related problems, for example, should be
approached on a watershed basis because the water
shed system is the most rational planning area for
such problems. Man's use of the land and changes
in such use in one portion of a watershed can
markedly influence environmental problems in
other areas of the watershed through, for example,
the impact of urban development and channel
modifications on downstream flood discharges
and stages.

Second, properly conducted systems planning is
comprehensive in that it considers not only the
immediate problem but the relationship of the
problem to broad land use, socioeconomic, and
environmental considerations. For example, com
prehensive watershed planning recognizes that the
quantity and quality of the surface waters in the
watershed system are determined, in part, by
existing and planned land use in the watershed
system and that land use is, in turn, determined by
socioeconomic conditions within as well as outside
the watershed. Therefore, the regional land use
plan-as refined and detailed in the watershed
planning process-is taken as a "given" in the
preparation of the watershed plan so as to reflect
regional land use, socioeconomic, and environ
mental conditions likely to influence the cause of,
and solution to, water resource problems within
the watershed.

Third, the systems planning phase of the three
phase public works development process is com
prehensive in that a full spectrum of potential
solutions to the water resource and water resource
related problems are considered during the process.
Because of the many measures, variations on mea
sures, and combinations of measures that are
available, it is recognized in the systems planning
phase that there are an almost unlimited number
of solutions to a given problem that, in effect,
form a continuum of possible solutions. The key
to efficient systems planning is not examining each
of the many possible alternative measures but
rather examining alternatives that define the
boundaries of the continuum and that are truly
representative of the full range of available mea
sures within the continuum.

Preliminary Engineering
Although systems planning requires considerable
effort, it is not normally carried to the level of
detail needed to permit immediate implementation
of the recommended measures. In general, it is
essential that the analysis of the technical, eco
nomic, environmental, and other features of the
plan elements be carried into great detail and depth
as the first step toward implementation of the
system plan. The second phase of the three-phase
public works development process is referred to
as preliminary engineering and is most properly
carried out, subsequent to the adoption of the
areawide systems plan, by the implementing units
and agencies of government concerned.

The preliminary engineering phase begins where
the systems planning phase ends, and the analysis is
no longer comprehensive. Emphasis is now placed
on function in that the preliminary engineering
phase concentrates on the basic solution to the
problem at hand as that problem and its solution
have been identified in the systems planning phase.
The preliminary engineering phase of the three
phase public works development process presumes
that the optimum solution in terms of technical
practicality, economic feasibility, and environ
mental consequences and other considerations has
been identified under the previous systems plan
ning phase. Preliminary engineering concentrates
on examining variations of the recommended
solution and on examining the technical, eco
nomic, environmental, and other features of those
variations in depth in order to determine the best
way to carry out the recommended solution.

Final Design: Upon acceptance of the findings and
recommendations of the preliminary engineering
phase by the governmental units and agencies
affected, the third or final design phase of the
public works development process is initiated. This
work should also be carried out by the implemen
ting units and agencies of government concerned.
Starting with the solution to the problem at hand
as set forth in the final, approved version of the
preliminary engineering report, the final design
phase should move toward the development of the
detailed construction plans and specifications
needed to completely implement the recom
mended solution. In the case of a public works
project involving construction, the plans and
specifications should provide sufficient detail to
permit potential contractors to submit bids for the
project and to actually construct the recommended
works. Engineers responsible for carrying out the
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final phase should also have responsibility for
securing the necessary permits and other approvals
from regulatory and review agencies, for providing
supervisory and inspection services during the
actual construction process, and for certifying to
the governmental units and agencies involved that
the construction is carried out in accordance with
the design provisions and specifications.

Other Considerations: For many reasons, the
three-phased public works development process
does not always proceed in the simple three-step
fashion as described above. In some situations,
an iterative process is set in motion whereby
a reexamination of an earlier step is required. For
example during the preliminary engineering phase,
a new alternative, based on additional information,
may be developed that must be subjected to sys
tems analysis.

Ever changing federal and state regulations and
guidelines can disrupt the three-phased public
works development process. This is particularly
true if a significant change in those regulations and
guidelines occurs subsequent to the systems plan
ning phase and prior to or during the preliminary
engineering phase, thus necessitating an iteration to
the systems planning phase to reconsider measures
studied during that phase or to analyze additional
measures as may be necessitated by regulation and
guideline changes. As a result of the passage of
time between the systems planning phase and the
preliminary engineering phase, significant changes
may occur in the explicitly stated or implicitly
expressed values and objectives of elected officials
and concerned citizens. In an environment of
changing values and objectives, a solution to an
environmental problem that was originally accepted
as optimal, based on systems planning techniques
and an agreed-upon set of objectives, could later,
because of changing values and objectives, be
rejected or encounter considerable opposition,
necessitating an iteration to the systems plan
ning phase.

The effective functioning of the three-phase public
works development process is highly dependent on
close cooperation among governmental units and
agencies. For example, the systems level planning
conducted by the Southeastern Wisconsin Regional
Planning Commission must be acceptable to local
governmental units and agencies in order to prompt
them to undertake the necessary second or pre
liminary engineering phase and to make full use of
the recommendations resulting from the first or
systems planning phase of the public works devel
opment process.
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In some special situations, the public works devel
opment process can be carried out without pro
ceeding through the above three phases. For
example, systems planning in the area of floodland
management may lead to the recommendation that
structure floodproofing and removal be used to
resolve flood problems. In this instance, assuming
adoption of the plan recommendations by the
governmental units and agencies concerned, the
preliminary engineering phase can be combined
with the final design phase, the goal of which
would be to provide a precise identification of
structures requiring floodproofing and those
requiring removal, and of the manner in which
floodproofing and removal should be carried out.

In carrying out the three-phase process, there is
a tendency to circumvent a critical step, usually
the systems planning phase, in response to intense
public concern and controversy over a pressing
environmental or developmental problem. This
approach sometimes achieves short-term gains in
that it leads to prompt problem-solving activity
for example, minor channel work to "solve" a flood
problem-thereby satisfying the immediate public
concern. Unfortunately, circumvention of key
steps in the public works development process
often leads to long-term losses as a result of the
failure to fully identify and quantify the problem
at hand and to determine the most effective solu
tion to that problem in terms of technical prac
ticality, economic feasibility, and environmental
impact. Superimposition of man's works and activi
ties on the natural resource base produces an urban
ecosystem that is complicated in terms of its many
and varied components and processes and the inter
relationships between those components and
processes-an ecosystem that usually defies simple
solutions to the environmental and developmental
problems that arise.

Review Responsibility of the
Regional Planning Commission
Under the provisions of certain state and federal
regulations, applications by state and local units of
government for federal grants in partial support of
the planning, acquisition of land for and construc
tion of public works facilities such as sewerage and
water supply systems, parks, waste treatment facili
ties, and soil and water conservation projects, must
be submitted to an officially designated areawide
planning agency for review, comment, and recom
mendation before consideration by the administer
ing agency. The comments and recommendations
of the areawide planning agency must include
information concerning the extent to which the
proposed project is consistent with the compre-



hensive planning program for the region, including
the Pike River watershed planning program in
southeastern Wisconsin, and the extent to which
such a project contributes to the fulfillment of
such planning programs. The review comments and
recommendations by the areawide planning agency
are advisory to the local,state, and federal agencies
of government concerned and are intended to pro
vide a basis for achieving the necessary coordina
tion of public development programs in urbanizing
regions of the United States on a voluntary, coop
erative basis. If used properly , such reviews can be
of material assistance in achieving implementation
of the recommended Pike River watershed plan.

In this respect, it should be noted that the Regional
Planning Commission has formally adopted a policy
statement on the review of applications submitted
to the Commission for grants-in-aid. This policy
requires that adopted plan elements, such as
a comprehensive watershed plan, form the basis
for review and comment of applications by the
Commission. All projects that are the subject of
applications are thus either certified as being in
conformance with and serving to implement, not in
conflict with, or in conflict with adopted regional
plan elements. In considering the Regional Plan
ning Commission's findings in this respect, it is
important that local public officials and concerned
citizens recognize that the failure to implement
any major element of the recommended compre
hensive watershed plan will proportionately reduce
the capability of the watershed to provide a plea
sant, safe, and healthful place in which to live and
work. In addition, it is essential that the state and
federal implementing agencies recognize that the
watersheds of southeastern Wisconsin, in particular
the Pike River watershed, are located in that part
of the State where the concentration of people is
the largest, where the degree of natural resource
base destruction has been greatest, and where
existing demands on the resource base are highest.

PLAN IMPLEMENTATION ORGANIZATIONS

Although the Regional Planning Commission can
promote and encourage watershed plan implemen
tation in various ways, the completely advisory
role of the Commission makes actual implementa
tion of the recommended Pike River watershed
plan entirely dependent upon action by local, area
wide, state, and federal agencies of government.
Examination of the various agencies that are avail
able under existing enabling legislation to imple
ment the recommended watershed plan reveals an

array of departments, commISSIons, committees,
boards, and districts at all levels of government.
These agencies range from general-purpose local
units of government -counties, cities, villages, and
towns-to special-purpose districts, such as metro
politan sewerage districts; to state regulatory
bodies, such as the Wisconsin Department of
Natural Resources; and to federal agencies that
provide financial and technical assistance for plan
implementation, such as the U. S. Soil Conserva
tion Service.

Because of the many and varied public agencies in
existence, it becomes important to identify those
agencies having the legal authority and financial
capability to most effectively implement the rec
ommended watershed plan elements. Accordingly,
those agencies whose actions will have significant
effect either directly or indirectly upon the success
ful implementation of the recommended compre
hensive watershed plan and whose full cooperation
in plan implementation will be essential are listed
and discussed below.2 The agencies are, for con
venience, discussed by level of government; how
ever, the interdependence between the various
levels, as well as between agencies of government
and the need for close intergovernmental coopera
tion, cannot be overemphasized. The creation of
new agencies for watershed plan implementation
should be considered only if the existing agencies
fail to carry out the plan in a timely manner; and,
if found necessary, new agencies should be created
in such form as to effectively complement and sup
plement the plan implementation activities of the
agencies already in existence.

Watershed Committee
Since planning at its best is a continuing function,
a public body should remain on the scene to coor
dinate and advise on the execution of the water
shed plan and to undertake plan updating and
renovation as necessitated by changing events.
Although the Regional Planning Commission is
charged with, and will perform, this continuing

2 A more detailed discussion of the duties and func
tions of local, areawide, and state agencies as they
relate to plan implementation may be found in
SEWRPC Technical Report No.2, Water Law in
Southeastern Wisconsin, 2nd Edition, April 1977,
and SEWRPC Technical Report No.6, Planning
Law in Southeastern Wisconsin, 2nd Edition,
April 1977.
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areawide planning function, it cannot do so prop
erly without the active participation and support
of local governmental officials through an appro
priate advisory committee structure. It is, there
fore, recommended that the Pike River Watershed
Committee be reconstituted as a continuing inter
governmental advisory committee to provide
a focus for the coordination of all levels of govern
ment in the execution of the Pike River watershed
plan. The Pike River Watershed Committee would
thus continue to be a creation of the Southeastern
Wisconsin Regional Planning Commission, pursuant
to Section 66.945(7) of the Wisconsin Statutes,
and would report directly to the Commission. It is
recommended that all agency representatives and
individuals currently serving on the Pike River
Watershed Committee remain as members of the
continuing committee and that the question of
committee membership be left open so that addi
tional members could be added to the Committee
as appropriate.

Local Level Agencies
Statutory provisions exist for the creation at the
county and municipal level of the following agen
cies having planning and plan implementation
powers, including police powers and acquisition,
condemnation (eminent domain), and construction
(tax appropriation) powers, important to compre
hensive watershed plan implementation.

County Park and Planning Agencies: County gov
ernment has considerable latitude available in
forming agencies to perform the park and outdoor
recreation and zoning and planning functions
within the county. Counties may organize park
commissions or park and planning commissions
pursuant to Section 27.02 of the Wisconsin
Statutes. Instead of organizing such commissions,
counties may elect to utilize committees of the
county board to perform the park and outdoor
recreation and zoning and planning functions. The
powers are, however, essentially the same no
matter how an individual county chooses to
organize these functions. If, however, a county
elects to establish a county park or county park
and planning commission, these commissions have
the obligation to prepare a county park system
plan and a county street and highway system plan.
There is no similar mandate for plan preparation
when a county elects to handle these functions
with committees of the county board.

In Racine County, responsibility for the acquisi
tion, development, operation, and maintenance
of parks and parkways is assigned to the Racine
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County Highway and Parks Committee of the
County Board. Staff services with respect to park
and parkway matters are provided by the County
Parks Department which reports to the referenced
County Board Committee. Planning, zoning, and
subdivision plat review functions in Racine County
are the responsibility of the Land Use, Agricultural,
Environmental, and Extension Education Com
mittee of the County Board. Staff activities in this
area are provided by the County Planning and
Zoning Department which reports to the refer
enced County Board Committee. The regulation of
onsite sewage disposal systems is also the respon
sibility of the Land Use, Agricultural, Environ
mental, and Extension Education Committee of
the County Board with staff services in this area
provided by the County Department of Environ
mental Control.

In Kenosha County, responsibility for park and
parkway acquisition, development, operation, and
maintenance rests with the County Park Commis
sion, which employs a staff. The planning, zoning,
plat review, and onsite sewage disposal regulatory
functions in Kenosha County are assigned to the
Kenosha County Office of Planning, Zoning, and
Sanitation under the supervision of the Kenosha
County Planning and Zoning Committee.

County Highway Committees: County highway
committees of the county board are required in
every county of Wisconsin, pursuant to Section
83.015 of the Wisconsin Statutes. This require
ment is met in the Pike River watershed through
the Racine County Highway and Parks Committee
and the Kenosha County Highway Committee.
Each county highway committee is responsible for
laying out, constructing, and maintaining all county
highways as authorized by the County Board of
Supervisors. County highway committees work
in close cooperation with the Wisconsin Depart
ment of Transportation. The Racine and Kenosha
County Highway Committees have important
responsibilities in implementation of the Pike River
watershed plan with respect to the construction
and reconstruction of certain highway bridges
within the watershed.

County Land Conservation Committees: In 1982
the State Legislature abolished the former system
of county soil and water conservation districts.
These districts, while closely allied with county
government operations, were in fact separate gov
ernmental units. In place of that system, the new
legislation requires that the county boards of
supervisors create within each county of the State



a land conservation committee. In so doing, the
State Legislature recognized that the county is the
dominant local unit of government responsible for
natural resource protection-related programs, and
in particular for soil and water conservation pro
grams. The new land conservation committees
have a broad range of powers and duties, including
the development and adoption of standards and
specifications for management practices to control
erosion, sedimentation, and nonpoint sources of
water pollution; the distribution and allocation
of available federal and state cost-sharing funds
relating to soil and water conservation; the conduct
of research and educational information programs
relating to soil and water conservation; the conduct
of programs designed to prevent flood damage,
drainage, irrigation, groundwater, and surface water
problems; the provision of financial, technical, and
other assistance to landowners; the acquisition of
land and other interests and property; the acqui
sition of machinery, equipment, and supplies
required to carry out various land conservation
programs; the construction, improvement, opera
tion, and maintenance of structures needed for
land conservation, flood prevention, and nonpoint
source pollution control; and the preparation of
a long-range natural resource conservation plan for
the county, including an erosion control plan and
program. As a committee of the county board, all
of its activities are closely supervised by the county
board and subject to the fiscal resources made
available by the county board. Pursuant to the new
law, both Racine and Kenosha Counties have
created Land Conservation Committees to perform
these various functions. Through these committees,
both Racine and Kenosha Counties could have
important implementation responsibilities not only
for land conservation but for flood control mea
sures in the Pike River watershed.

Municipal Planning Agencies: Municipal planning
agencies include city, village, and town plan com
missions created pursuant to Sections 62.23(1) and
61.35 of the Wisconsin Statutes. Such agencies are
important to watershed plan implementation at
the local level. All seven communities within the
watershed have established plan commissions in
accordance with Section 62.23(1) or 61.35 of the
Wisconsin Statutes.

Municipal Utility and Sanitary Districts: Municipal
utility districts may be created by cities, villages,
and towns pursuant to Section 66.072 of the
Wisconsin Statutes. Town sanitary districts may be
created pursuant to Section 60.30 of the Wisconsin
Statutes. Such special districts are authorIzed to

plan, design, construct, operate, and maintain
various public utility systems, including sanitary
sewerage, water supply, and stormwater drainage
systems. At the present time, there exist within
the Pike River watershed five such districts: the
Town of Mt. Pleasant Utility District No.1, the
Town of Mt. Pleasant Storm Water Drainage Dis
trict, the Town of Pleasant Prairie Sewer Utility
District D, the Town of Somers Utility District
No.1, and the Town of Somers Sanitary District
No. 1. All but the Mt. Pleasant Storm Water Drain
age District have been formed for the purpose of
providing sanitary sewer service. The boundaries
of these districts are shown on Map 8, page 34, of
this report.

Areawide Agencies
Statutory provisions exist for the creation of the
following areawide agencies having both general
and specific planning and plan implementation
powers potentially applicable to the implementa
tion of the Pike River watershed plan.

Metropolitan Sewerage Districts: Sections 66.20
through 66.26 of the Wisconsin Statutes enables
the creation of metropolitan sewerage districts
outside of Milwaukee County. Such districts may
be formed by the Wisconsin Department of Natural
Resources (DNR) upon a request by resolution of
the governing body of any municipality sought
to be served by such a district. As noted in Chap
ter IX of this report, the DNR is required to hold
a public hearing on the proposal to create a district
and, in order for the DNR to order the creation of
a district, must make certain findings. Cities and
villages owning or operating sewage collection or
disposal systems may object to being included in
such a district in which case the DNR must honor
such objection. No such metropolitan districts have
been created to date to serve any portion of the
Pike River watershed. In addition to being capable
of properly carrying out projects relating to the
conveyance and treatment of sanitary sewage,
metropolitan sewerage districts may build storm
water drainage and flood control facilities.

County Drainage Boards and Districts: Chapter 88
of the Wisconsin Statutes authorizes landowners
to petition the county court to establish a drain
age district under the control of the County
Drainage Board. Such districts are intended to
provide for the execution of specific areawide
drainage improvements. A drainage district may
lie within more than one municipality and in
more than one county. The costs of any drainage
improvements are assessed against the lands which
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are specifically benefited. The boundaries of the
existing drainage districts are shown on Map 3,
page 20, of this report.

Flood Control Boards: Chapter 87 of the Wiscon
sin Statutes provides that property owners living in
a single, common drainage area may petition the
Wisconsin Department of Natural Resources for
the formation of a flood control board for the sole
purpose of effecting flood control measures. The
flood control boards are empowered to straighten,
widen, deepen, and otherwise alter watercourses
and build flood control works. All activities of
such boards are subject to review by, and approval
of, the Wisconsin Department of Natural Resources.

Comprehensive River Basin District: Areawide
flood control, water quality, and land use plan
implementation could be achieved through the
establishment of a special comprehensive river
basin district encompassing the entire watershed
and capable of: raising revenues through taxation
and bonding; land acquisition; construction and
operation of any necessary facilities; and otherwise
dealing with the wide range of problems, alterna
tives, and projects inherent in comprehensive water
shed planning. Such a district might be specifically
charged in the enabling legislation by which it is
created with carrying out the plans formulated
under the Pike River watershed study. Although
enabling legislation to permit the creation of such
districts has been proposed to the Wisconsin Legis
lature in the past, such legislation has not, to date,
been adopted, and thus is not presently available as
a means of dealing with the watershed plan imple
mentation problem.

Cooperative Contract Commissions: Section 66.30
of the Wisconsin Statutes provides that municipali
ties3 may contract with each other to form coop
erative service commissions for the joint provision
of any services or joint exercise of any powers that
each municipality may be authorized to exercise
separately. Such commissions have been given
bonding powers for the purposes of acquiring,
developing, and equipping land, buildings, and
facilities for areawide projects. Economies can
often be effected through the provision of govern-

3 The term municipality under this section of the
statutes is defined to include the state, any agency
thereof, cities, villages, towns, counties, school
districts, and regional planning commissions.
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mental services and facilities on a cooperative,
areawide basis. Moreover, the nature of certain
developmental and environmental problems often
requires that solutions be approached on an
areawide basis. Such an approach may be effici
ently and economically provided through the use
of a cooperative contract commission.

Intergovernmental cooperation under such coop
erative contract commissions may range from
the sharing of expensive public works equipment
to the construction, operation, and maintenance
of major public works facilities on an areawide
basis. A cooperative contract commission may
be created for the purpose of watershed plan
implementation and may be utilized in lieu of
any of the aforementioned areawide organizations
for such implementation.

Regional Planning Commission: Although not a plan
implementation agency as such, one other areawide
agency warrants comment: the Regional Planning
Commission. As already noted, the Commission
has no statutory plan implementation powers. In
its role, however, as a coordinating agency for
planning and development activities within the
Southeastern Wisconsin Region, the Commission
may play an important role in plan implementation
through community planning assistance services
and through the review of federal and state grant
in-aid applications, using adopted plan elements
as a basis for this review. In addition, the Com
mission provides a basis for the creation and
continued functioning of the Pike River Water
shed Committee, which should remain as an impor
tant continuing public planning organization in
the watershed.

State Level Agencies
In existence at the state level are the following
agencies that have either general or specific plan
ning authority and hold certain plan implemen
tation powers important to the adoption and
implementation of the comprehensive Pike River
watershed plan.

Wisconsin Department of Natural Resources
(DNR): The DNR has broad authority and respon
sibility in the areas of park development, natural
resources protection, water quality control, and
water regulation. The DNR has the obligation to
prepare a comprehensive statewide plan for out
door recreation; and to develop long-range, state
wide conservation and water resource plans. In
addition, it has the authority to designate such



sites as necessary to protect, develop, and regulate
the use of state parks, forests, fish, game, lakes,
streams, certain plant life, and other outdoor
resources; and to acquire conservation and scenic
easements. The Secretary of the DNR has, pur
suant to federal planning guidelines, the respon
sibility of certifying to the U. S. Environmental
Protection Agency (EPA) areawide plans for water
quality management. Without such certification
and subsequent acceptance by the EPA, local units
of government within the watershed would lose
their eligibility for federal grants-in-aid for the
construction of sewerage facilities.

As already noted in Chapter IX of this report, the
responsibility for water pollution control in Wis
consin is centered in the Wisconsin Department of
Natural Resources. The basic authority and accom
panying responsibilities relating to the water pollu
tion control function of the DNR are set forth in
Chapter 144 of the Wisconsin Statutes. Under this
chapter, the DNR is given broad authority to pre
pare water use objectives and supporting water
quality standards; to issue general and specific
orders relating to water pollution abatement; to
review and approve all plans and specifications for
components of sanitary sewerage systems; to con
duct research and demonstration projects on
sewerage and waste treatment matters; to operate
an examining program for the certification of
sewage treatment plant operators; to order the
installation of centralized sanitary sewerage sys
tems; to review and approve the creation of joint
sewerage systems and metropolitan sewerage dis
tricts; and to administer a financial assistance
program for the construction of pollution preven
tion and abatement facilities. In addition, under
Chapter 147 of the Wisconsin Statutes, the DNR is
given broad authority to establish and carry out
a pollutant discharge elimination program in accor
dance with the policy guidelines set forth by the
U. S. Congress under the Federal Water Pollution
Control Act Amendments of 1972. This legislation
establishes a waste discharge permit system and
provides that no permit may be issued by the DNR
for any discharge from a point source of pollution
which is in conflict with any areawide waste water
treatment and water quality management plan
approved by the DNR. Also under this legislation,
the DNR is given rule-making authority to establish
effluent limitations, water quality-related limita
tions, performance standards related to classes or
categories of pollution, and toxic and pretreatment
effluent standards. All permits issued by the DNR

.must include the conditions that waste discharges
must meet, as applicable, and all effluent limita-

tions, performance standards, effluent prohibitions,
and pretreatment standards and any other limita
tions which must be met to comply with the
established water use objectives and supporting
water quality standards as developed under area
wide waste treatment management planning pro
grams. As appropriate, the permits may require
periodic water quality monitoring to determine
compliance, and may include a timetable for appro
priate action on the part of the owner or operator
of any point waste discharge. This legislation and
accompanying procedures is the primary enforce
ment tool of the Wisconsin Department of Natural
Resources in achieving the established water use
objectives and supporting water quality standards.

The DNR also has the obligation to establish stan
dards for floodplain and shoreland zoning and the
authority to adopt, in the absence of satisfactory
local action, shoreland and floodplain zoning ordi
nances. In addition, the DNR has authority to
prohibit the installation or use of onsite soil
absorption sewage disposal systems and to approve
the regulation of such systems as promulgated by
the Wisconsin Department of Health and Social
Services. The DNR also has authority to regulate
the following: water diversions, shoreland grading,
dredging, encroachments, and deposits in navigable
waters; the construction of neighboring ponds,
lagoons, waterways, stream improvements, and
pierhead and bulkhead lines; the construction,
maintenance, and abandonment of dams; and water
levels of navigable lakes and streams and lake and
stream improvements, including the removal of
certain lake bed materials. Finally, the DNR has
authority to require abatement of water pollution,
to administer state financial aid programs for water
resource protection; to assign priority for federal
aid applications for sewerage facilities; to review
and approve water supply and sewerage systems;
and to license well drillers and issue permits for
high-capacity wells. With such broad authority for
the protection of the natural resources of the State
and theRegion, this DNR will be extremely impor
tant to the implementation of nearly all of the
major elements of the comprehensive Pike River
watershed plan.

Wisconsin Department of Transportation (Wis
DOT): This Department is broadly empowered to
provide the State with an integrated transportation
system. The WisDOT is responsible for adminis
tering all state and federal aid and highway and
airport improvement; for planning, designing, con
structing, and maintaining all state highways; and
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for planning, laying out, reVIsmg, constructing,
reconstructing, and maintaining the national inter
state and defense highway system, the federal aid
primary system, the federal aid secondary system,
the forest highway system, and the airport aid
system, all subject to federal regulation and con
trol. The WisDOT is also responsible for reviewing
and approving changes in county trunk highway
systems. As such, the WisDOT along with the
respective county highway committees of the
county boards of supervisors concerned, can con
tribute to full implementation of the Pike River
watershed plan with respect to the construction
and reconstruction of certain bridges and highway
and airport facilities within the watershed.

Wisconsin Department of Agriculture, Trade, and
Consumer Protection: Under the new Wisconsin
Soil and Water Conservation Law, state-level soil
and water conservation responsibilities have been
placed in the Wisconsin Department of Agricul
ture, Trade, and Consumer Protection. Within that
Department, the new law created a seven-member
advisory Land Conservation Board. The Land Con
servation Board reviews and comments on rules
relating to soil and water conservation, adminis
ters the state's farmland preservation program,
reviews all county erosion control plans and the
annual county and long-range county land con
servation plans, and generally advises the Secretary
of the Wisconsin Department of Agriculture, Trade,
and Consumer Protection and the University of
Wisconsin on matters relating to soil and water
conservation. As such, the Department and its
Land Conservation Board will have plan implemen
tation responsibilities relative to the Pike River

watershed plan.

University of Wisconsin-Extension: A University of
Wisconsin-Extension office is located within each
county. Although the Extension has no statutory
plan implementation powers, the Extension can aid
communities in solving environmental problems
by providing educational and informational pro
grams to the general public, and by offering advice
to local decision-makers and community leaders.
The Extension carries out these responsibilities
by conducting meetings, tours, and consultations,
and by providing newsletters, bulletins, and
research information.

Federal Level Agencies
There exist at the federal level the following agen
cies which administer federal aid and assistance
programs that can have important implications for
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implementation of the recommended Pike River
watershed plan because of their potential impact
on the financing of both actual land acquisition
and construction of specific facilities.

U. S. Environmental Protection Agency (EPA):
The U. S. Environmental Protection Agency admin
isters water quality management planning grants
and sanitary sewerage facility construction grants.
The latter can be particularly important to imple
mentation of the water quality management ele
ment of the Pike River watershed plan. In addition,
this agency is responsible for the ultimate achieve
mEmt and enforcement of water quality standards
for all interstate waters, should the states not ade
quately enforce such standards. In this respect, the
EPA has delegated authority over the National
Pollutant Discharge Elimination Systems (NPDES)
permit issuance process whereby the Wisconsin
Department of Natural Resources issues discharge
permits under both state and federal authorities.
Under guidelines promulgated by the EPA, area
wide water quality management and sanitary sewer
age facilities plans must be prep¥ed as prerequisites
to the receipt of federal capital grants in support
of sewerage works construction. As a designated
areawide water quality management planning
agency under Section 208 of the Federal Water
Pollution Control Act, the Regional Planning Com
mission is engaged in a continuing areawide water
quality management planning program for south
eastern Wisconsin.

U. S. Geological Survey: This agency conducts
continuing programs on water resource appraisal
and monitoring. The programs of the U. S. Geo
logical Survey are important to the implementation
of the continuous streamflow gaging program
recommended in the Pike River watershed plan.

U. S. Department of Agriculture, Agricultural
Stabilization and Conservation Service: This
agency administers the Federal Agricultural and
Conservation Program (ACP). This program pro
vides grants to rural landowners in partial support
of carrying out approved land and water conser
vation practices. Grants from this program could
contribute to implementation of the land use and
water quality elements of the Pike River water
shed plan.

U. S. Soil Conservation Service: This agency admin
isters resource conservation and development
projects and watershed projects under federal
Public Law 566 and provides technical and finan-



cial assistance through county land conservation
committees to landowners in the planning and
construction of measures for land treatment, agri
cultural water management, and flood prevention
and for public fish, wildlife, and recreational
development. This agency also conducts detailed
soil surveys and provides interpretations as a guide
to utilizing soil survey data in local planning and
development. Certain programs administered by
this agency can contribute to implementation of
the land management and treatment measures
recommended in the Pike River watershed plan.

Federal Emergency Management Agency: The
Federal Emergency Management Agency serves as
the primary federal agency responsible for emer
gency matters, including emergencies relating to
flooding. Among its activities are the provision of
technical assistance programs to state and local
governments to reduce or eliminate flood risks and
the administration of programs to assist individuals
and businesses in obtaining insurance protection
against floods. In order to ensure that its residents
are eligible for the purchase of flood insurance,
local communities must ensure that their floodland
zoning regulations meet the minimum standards set
forth in rules published by the Federal Emergency
Management Agency.

U. S. Army Corps of Engineers: The U. S. Army
Corps of Engineers can conduct planning studies
and construct flood control facilities as authorized
by the U. S. Congress. There are two programs
which could be used by the Corps to undertake
plan implementation activities in the Pike River
watershed. Under Section 205 of the Federal
Flood Control Act of 1948, as amended, the Corps
is authorized under its small continuing authorities
program to contribute to the design and construc
tion phases of certain flood control projects, pro
vided the maximum cost to the Corps is $4 million
or less. Projects to be included under this program
may be authorized by the Chief of Engineers.
A second program, the general investigation pro
gram, requires explicit congressional authorization
and appropriation. This type of project would be
done in several phases, including a three-stage
feasibility study followed by a construction phase.
Both the feasibility study and the construction
phase require explicit congressional approval, and
implementation of projects under the program can
require more than a decade to accomplish. There
is no statutory limit to the funding which can be
made available under this program. However, both
of the programs require that the projects be
demonstrated to be economically feasible and
environmentally sound.

While the structural flood control elements com
prising the recommended Pike River watershed
floodland management plan can be implemented
by existing local units and agencies of government,
the Corps of Engineers could participate in the
implementation of the plan provided that respon
sible local agencies or units of government are
determined to pursue participation in implementa
tion. This would require strong congressional, as
well as local, support. Local implementation would
be more certain and expeditious, but this cer
tainty and expediency must be weighed by the
governing bodies concerned against the poten
tial financial support that may be available for
plan implementation.

The Corps of Engineers also administers a regula
tory program relating to the discharge of dredge
and fill materials into the waters of the United
States and adjacent wetlands. This program is
administered pursuant to Section 404 of the
Federal Water Pollution Control Act as amended
in 1972. The administration of this program will
have importance with respect to the land use,
park and open space, floodland management, and
water quality management elements of the Pike
River watershed plan.

PLAN ADOPTION AND INTEGRATION

Upon adoption of the Pike River watershed plan
by formal resolution of the Southeastern Wisconsin
Regional Planning Commission, in accordance with
Section 66.945(10) of the Wisconsin Statutes, the
Commission will transmit a certified copy of the
resolution adopting the watershed plan, together
with the plan itself, to all local legislative bodies
within the Pike River watershed and to all of the
existing federal, state, areawide, and local units and
agencies of government that have potential plan
implementation functions. Adoption, endorse
ment, or formal acknowledgment of the compre
hensive watershed plan by the local legislative
bodies and the existing local, areawide, state, and
federal level agencies concerned is highly desirable
to assure a common understanding among the
several governmental levels and to enable their
staffs to program the necessary implementation
work. This acceptance or acknowledgment is, in
some cases, required by the Wisconsin Statutes
before certain planning actions can proceed; such
a requirement holding in the case of city and
village plan commissions created pursuant to
Section 62.23 of the Wisconsin Statutes. In addi
tion, formal plan adoption may also be required
for state and federal financial aid eligibility.
A model resolution for adoption of the compre-
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hensive plan for the Pike River watershed is
included in Appendix J. Adoption of the recom
mended Pike River watershed plan by any unit or
agency of government pertains only to the statu
tory duties and functions of the adopting agencies
and such adoption does not and cannot in any way
preempt or commit action by another unit or
agency of government acting within its own area of
functional and geographic jurisdiction.

Upon adoption or endorsement of the Pike River
watershed plan by a unit or agency of government,
it is recommended that the policy-making body of
the unit or agency direct its staff to review in
detail the plan elements of the comprehensive
watershed plan. Once such review is completed,
the staff can propose to the policy-making body
for its consideration and approval the steps neces
sary to fully integrate the watershed plan elements
into the plans and programs of the unit or agency
of government.

Local Level Agencies

1. It is recommended that the Kenosha County
Board of Supervisors formally adopt the
Pike River watershed plan by resolution,
pursuant to Section 66.945(12) of the Wis
consin Statutes, after a report and recom
mendation by the County Park Commission,
the County Planning and Zoning Committee,
the County Highway Committee, and the
County Land Conservation Committee.

2. It is recommended that the Racine County
Board of Supervisors formally adopt the
Pike River watershed plan by resolution,
pursuant to Section 66.945(12) of the Wis
consin Statutes, after a report and recom
mendation by the County Highway and
Parks Committee; the County Land Use,
Agricultural, Environmental, and Extension
Education Committee; and the County Land
Conservation Committee.

3. It is recommended that the Plan Commis
sions of the Cities of Kenosha and Racine,
the Villages of Elmwood Park and Sturte
vant, and the Towns of Mt. Pleasant, Plea
sant Prairie, and Somers adopt the Pike
River watershed plan as it affects them by
resolution, pursuant to Section 62.23(3)(b)
of the Wisconsin Statutes, and certify such
adoption to their respective governing
bodies, and that upon such certification
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the governing bodies also adopt the recom
mended plan.

4. It is recommended that the governing boards
and commissions of the Town of Mt. Pleasant
Utility District No.1, the Town of Pleasant
Prairie Sewer Utility District D, the Town of
Somers Utility District No.1, the Town of
Somers Sanitary District No.1, and the
Town of Mt. Pleasant Stormwater Drainage
District No.1 adopt the Pike River water
shed plan as it affects them by resolution,
pursuant to Section 66.945(12) of the
Wisconsin Statutes.

Areawide Agencies

1. It is recommended that the Kenosha and
Racine County Drainage Boards formally
acknowledge the Pike River watershed
plan by resolution, pursuant to Section
66.945(12) of the Wisconsin Statutes.

State Level Agencies

1. It is recommended that the Wisconsin Natu
ral Resources Board endorse the compre
hensive Pike River watershed plan as an
amendment to the previously endorsed
regional water quality management plan,
certify the plan as an amendment to the
regional water quality management plan
to the U. S. Environmental Protection
Agency, and direct the staff of the Wis
consin Department of Natural Resources
to integrate the recommended watershed
plan elements into its broad range of agency
responsibilities, as well as to assist in coor
dinating plan implementation activities over
the next 20 years. In particular, it is recom
mended that the Board, through its staff,
coordinate the recommended Pike River
watershed plan with those activities relating
to water regulation and control; floodland,
shoreland, and wetland zoning; and water
quality management planning and water
pollution abatement activities.

2. It is recommended that the Secretary of the
Wisconsin Department of Transportation
endorse the Pike River watershed plan and
direct the department staff to give due con
sideration to the plan in the exercise of its
various responsibilities governing the con-



struction and reconstruction of highway and
attendant drainage facilities in the watershed.

3. It is recommended that the Secretary of the
Wisconsin Department of Agriculture, Trade,
and Consumer Protection, upon recommen
dation of the Land Conservation Board,
endorse the Pike River watershed plan and
direct the department staff to give due con
sideration to the plan in the exercise of its
various responsibilities governing farmland
preservation and soil and water conservation.

Federal Level Agencies

1. It is recommended that the U. S. Environ
mental Protection Agency formally accept
and endorse the Pike River watershed plan as
an amendment to the regional water quality
management plan upon certification as such
by the State of Wisconsin.

2. It is recommended that the U. S. Geological
Survey endorse the Pike River watershed
plan and continue its cooperative stream
gaging program within the watershed.

3. It is recommended that the U. S. Depart
ment of Agriculture, Agricultural Stabil
ization and Conservation Service, formally
acknowledge the Pike River watershed plan
and utilize the plan recommendations in its
administration of the federal agricultural and
conservation program.

4. It is recommended that the U. S. Soil Con
servation Service formally acknowledge the
Pike River watershed plan and utilize the
plan recommendations in the administration
of its various technical assistance programs
relating to soil and water conservation.

5. It is recommended that the Federal Emer
gency Management Agency formallyacknow
ledge the Pike River watershed plan and use
the floodland data contained in that plan as
a basis for reviewing and updating its series
of federal flood insurance studies.

6. It is recommended that the U. S. Army
Corps of Engineers formally acknowledge
the Pike River watershed plan. It is further
recommended that the Corps of Engineers
cooperate with any local or state units and
agencies of government in any requests for
assistance in the review, design, and con-

struction phases of the floodland manage
ment elements of the recommended Pike
River watershed plan. It is also recommended
that the Corps of Engineers use the land use
and environmental corridor elements of the
plan in carrying out its regulatory program
relative to the placement of fill and the con
duct of other activities in wetlands.

SUBSEQUENT ADJUSTMENT OF THE PLAN

No plan can be permanent in all of its aspects
or precise in all of its elements. The very defini
tion and characteristics of areawide planning sug
gest that an areawide plan, such as a comprehensive
watershed plan, to be viable and of use to local,
state, and federal units and agencies of government,
be continually adjusted through formal amend
ments, extensions, additions, and refinements to
reflect changing conditions. The Wisconsin Legis
lature clearly foresaw this when it gave to regional
planning commissions the power to " ... amend,
extend, or add to the master plan or carry any part
or subject matter into greater detail ... " in Sec
tion 66.945(9) of the Wisconsin Statutes.

Amendments, extensions, and additions to the Pike
River watershed plan will be forthcoming not only
from the work of the Commission under various
continuing regional planning programs but also
from state agencies as they adjust and refine state
wide plans and from federal agencies as national
policies are established or modified, as new pro
grams are created, or as existing programs are
expanded or curtailed. Adjustments must also
come from local planning programs which, of
necessity, must be prepared in greater detail and
result in greater refinement of the watershed plan.
This is particularly true of the land use element of
the watershed plan. Areawide adjustments may
come from subsequent regional or state planning
programs, which may include additional compre
hensive or special-purpose planning efforts, such
as the preparation of regional sanitary sewerage
service plans, regional water supply plans, and
regional or county park and open space plans.

All of these adjustments and refinements will
require the utmost cooperation by the local, area
wide, state, and federal agencies of government, as
well as coordination by the Southeastern Wisconsin
Regional Planning Commission, which has been
empowered under Section 66.945(8) of the Wis
consin Statutes to act as a coordinating agency for
programs and activities of the local units of govern-
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ment. To achieve this coordination between local,
state, and federal programs most effectively and
efficiently and, therefore, to assure the timely
adjustments of the watershed plan, it is recom
mended that all of the foresaid state, areawide, and
local agencies having various plan and plan imple
mentation powers advise and transmit all sub
sequent planning studies, plan proposals and
amendments, and plan implementation devices to
the Southeastern Wisconsin Regional Planning
Commission for consideration as to integration
into, and adjustment of, the watershed plan. Of
particular importance in this respect will be the
continuing role of the Pike River Watershed
Committee in intergovernmental coordination.

LAND USE PLAN ELEMENT IMPLEMENTATION

The implementation of the land use plan element
including the overall land use, open space preserva
tion, and outdoor recreation components-of the
comprehensive Pike River watershed plan is of
central importance to the realization of the overall
watershed plan. This element, moreover, requires
the most intricate implementation actions and
utmost cooperation between the local units of
government and the areawide, state, and federal
agencies concerned if the watershed development
objectives are to be fully achieved. This is true
not only because the land use plan elements are
closely interrelated in nature and support and
complement one another, but because they are
closely related to the floodland management and

. water quality management elements of the plan.

If, for example, urban residential, commercial, and
industrial growth is properly located within the
watershed and is not allowed to further preempt
the natural floodland areas, a great deal will be
achieved with respect to flood damage mitigation.
Similarly, the maintenance and preservation of
primary environmental corridors for natural
resource protection and conservancy purposes will,
in turn, assure the preservation of many of the
best park sites remaining within the watershed.
Although all of the plan implementation recom
mendations are closely interrelated, this section
has been divided for convenience in presentation
and use into the following major subject areas:
overall land use plan element, open space preser
vation plan element, and outdoor recreation plan
element. A schedule of capital and operation and
maintenance costs for this plan element is set forth
in Table 112.
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Overall Land Use Plan Element
The overall land use plan element of the Pike River
watershed plan is a refinement of the year 2000
regional land use plan which in turn was included
within the year 2000 regional water quality man
agement plan. The overall land use plan element
deals with land use both within and outside the
riverine areas of the watershed.

Implementation of the overall land use plan ele
ment can best be accomplished through the
adoption of the Pike River watershed plan and
the implementation of that plan through local,
state, and federal land use and land use-related
regulations. The following methods are suggested
for use in this respect.

Zoning Ordinances: Of all the land use plan imple
mentation devices, the most readily available, most
important, and most versatile are zoning ordinances,
including zoning district regulations and zoning
district delineations. Within incorporated munici
palities in the Pike River watershed, zoning is the
responsibility of the Cities of Kenosha and Racine
and the Villages of Sturtevant and Elmwood Park.
Within the unincorporated portions of the water
shed, zoning responsibilities are jointly shared by
the Town of Mt. Pleasant and Racine County, and
the Towns of Pleasant Prairie and Somers and
Kenosha County. In general, it is recommended
that each of these local governments with zoning
responsibility review and, as necessary, revise their
existing zoning ordinances and zoning district maps
so as to seek to implement the land use plan ele
ment of the Pike River watershed plan. The follow
ing suggestions are made to all zoning agencies
within the watershed to assist them in this task.

Residential and Related Urban Areas: Not all of
the areas shown as devoted to residential and other
urban uses in the recommended watershed land use
plan should be initially placed in urban land use
districts. Only existing and platted but not yet
fully developed residential areas and those areas
that have immediate development potential which
can be economically served by municipal utilities
and facilities, and in particular sanitary sewerage
and water supply facilities, should be placed in
exclusive residential districts related to the devel
opment densities indicated on the recommended
watershed land use plan.

The balance of the proposed future residential land
use areas should be placed in exclusive agricultural
districts so as to act as a holding zone for future



Table 112

SCHEDULE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS
OF THE PARKAND OPEN SPACE PLAN ELEMENT OF THE RECOMMENDED

COMPREHENSIVE PLAN FOR THE PIKE RIVER WATERSHED BY YEAR: 1984-2000

Primary Sanders Park Recreational Additional Urban
Environmental Corridor Expansion Corridor Development Parks (Local Un its

(Kenosha County) (Racine County) (Kenosha County) of Government) Total

Operation Operation Operation Acqu isition Operation Acquisition Operation
Calendar Project and and and and and and and

Year Year AcquisitionS Maintenanceb AcquisitionC
Maintenanced

Developmente Maintenancef Development9 Maintenanceh Development Maintenance

1984 1 $ 205,600 $ 3,060 $ 47,000 $ 5,000 $ -- $ -- $ 149,100 $ 9,100 $ 401,700 $ 17,160
1985 2 205,600 6,120 47,000 10,000 -- -- 149,100 18,200 401.700 34,320
1986 3 205,600 9,180 47,000 15,000 -- -- 149,100 27,300 401,700 51,480
1987 4 205,600 12,240 47,000 20,000 -- -- 149,100 36,400 401.700 68,640
1988 5 205,600 15,300 -- 20,000 -- -- 149,200 45,500 354,800 80,800
1989 6 205,600 18,360 -- 20,000 -- -- 149,100 54,600 354,700 92,960
1990 7 205,600 21,420 -- 20,000 -- -- 149,100 63,700 354,700 105,120
1991 8 205,600 24,480 -- 20,000 -- -- 149,100 72,800 354,700 117,280
1992 9 205,600 27,540 -- 20,000 -- -- 149,100 81,800 354,700 129,340
1993 10 205,600 30,600 -- 20,000 -- -- 149,100 90,900 354,700 141,500
1994 11 -- 30,600 -- 20,000 -- -- 149,200 100,000 149,200 150,600
1995 12 -- 30,600 -- 20,000 -- -- 149,100 109,100 149,100 159,700
1996 13 -- 30,600 -- 20,000 45,900 840 149,100 118,200 195,000 169,640
1997 14 -- 30,600 -- 20,000 45,900 1,680 149,100 127,300 195,000 179,580
1998 15 -- 30,600 -- 20,000 45,900 2,520 149,100 136,300 195,000 189,420
1999 16 -- 30,600 -- 20,000 45,900 3,360 149,100 145,400 195,000 199,360
2000 17 -- 30,600 -- 20,000 45,900 4,200 149,200 154,500 195,100 209,300

Watershed Total $2,056,000 $382,500 $188,000 $310,000 $229,500 $12,600 $2,535,000 $1,391,100 $5,OOB,500 $2,096,200

Annual Average $ 120,900 $ 22,500 $ 11,100 $ 18,200 $ 13,500 $ 800 $ 149,100 $ 81,800 $ 294,600 $ 123,300

NOTE: All costs are estimated in constant 1980 dollars.

aAssumes that 10 percent of the recommended 612 acres of primary environmental corridor land would be acquired in each of the first 10 years of plan implementation at an estimated average cost of about $3,400 per acre.

bBased on an annual operation and maintenance cost of $50 per acre for primary environmental corridor land.

cAssumes that 25 percent of the 40-acre Sanders Park addition would be acquired in each of the first four years ofplan implementation at an estimated average cost of about $4.700 per acre.

dBased on an annual operation and maintenance cost of $500 per acre for major park land.

eAssumes that 20 percent of the recommended seven-rnile recreation corridor along the main stem of the Pike River between Petrifying Springs County Park and the existing Kenosha County Bikeway would be developed in
each of the final five years ofplan implementation at an estimated average cost of about $32jJoo per mile.

fBased on an annual operation and maintenance cost of $600 per mile for recreational trails.

gAssumes that the acquisition and development costs for the 12 proposed additional urban parks would be evenly distributed over the 17-year plan implementation period.

hBased on an annual operation and maintenance cost of$750 per acre for urban parks.

Source: SEWRPC.

development. Such holding districts should be
rezoned into the appropriate residential zoning
district or supporting land use district, such as
business or industrial districts, only when the
community can economically and efficiently
accommodate the proposed development. Certain
residential areas may be initially zoned for very
low density "country estate" and related rural and
outdoor recreational uses. All residential zoning,
however, should be properly related to the inherent
suitabilities of the underlying soil resource base.

Agricultural Areas: Areas shown as prime agricul
tural land in the recommended watershed land use
plan should be placed in an exclusive agricultural
use district which essentially permits only agricul
tural uses and which prohibits land division into
parcels of less than 35 acres in size. The enactment
of such zoning will serve to qualify farmers whose
lands are so zoned and who farm at least 35 acres

for available state income tax credits. Significant
wetlands, woodlands, and wildlife habitat areas
that may lie outside the primary environmental
corridors but within the general agricultural use
areas on the land use plan map should be placed in
appropriate conservancy zoning districts.

Primary Environmental Corridors: The primary
environmental corridors shown on the recom
mended watershed land use plan should be placed
into one of several zoning districts as dictated by
consideration of existing development; the char
acter of the specific resource values to be protected
within the corridor; and the attainment of the out
door recreation, open spa.ce preservation, and
resource base conservation objectives of the water
shed plan. Prime wildlife habitat areas, wetlands,
woodlands, and undeveloped floodlands lying in
corridors generally should be placed in conservancy
districts. Existing and potential park sites lying in
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the corridors should be placed in park districts
which permit the development of appropriate pri
vate and public recreational facilities. The remain
ing area lying in the corridors may then be placed
in agricultural or rural residential use districts,
depending upon the limitations of the soils for the
use of onsite sewage disposal systems.

Floodlands: Floodland regulations should be
reviewed and updated as necessary in order to
ensure the substantial maintenance in open uses of
all undeveloped floodways and floodplains in the
watershed. Either a basic floodland use district or
an overlay floodland use district approach may
be taken, depending upon local preference. In
those cases where urban development already
exists in the floodplain and where the watershed
plan recommends structural measures for abate
ment of flood damages, including structure flood
proofing and elevation, the construction of dikes,
and the undertaking of channel improvements, it
will be necessary to identify for selected stream
reaches floodway districts so as to permit the
placement of such existing urban development into
floodplain fringe overlay districts, thereby avoiding
rendering such uses nonconforming and at the
same time ensuring that appropriate regulations are
in place attendant to any future development.

Sanitary Sewer Extension Review: The Wisconsin
Department of Natural Resources (DNR) must
review and approve all locally proposed extensions
of public sanitary sewer systems. It is recom
mended that the DNR review all such extensions
against the basic land use recommendations con
tained in the Pike River watershed plan, ensuring
that the development proposed to be served by
extended sanitary sewers is compatible with the
plan recommendations. Sanitary sewer extensions
should not be approved in those instances where,
for example, they are intended to serve urban
development that might be located within pri
mary environmental corridors or on prime agri
cultural lands.

Wetland Regulation: It is recommended that the
DNR and the U. S. Army Corps of Engineers, in
the administration of their various wetland regula
tory programs, take into account the land use
development, park and open space preservation
and protection, and floodland management recom
mendations contained in the Pike River watershed
plan. It should be noted that the plan recommen
dations include some that would seek to preserve
and protect ex.isting wetlands, and others that
could result in the destruction of certain wetlands.
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It is accordingly recommended that the state and
federal agencies concerned recognize the compre
hensive nature of the Pike River watershed plan,
making agency decisions on wetland regulation
in a manner consistent with that plan. It is also
recommended that counties, cities, and villages-all
of which are now mandated by state law to enact
protective wetland zoning attendant to all wetlands
five acres or more in size within shoreland areas
take steps to adopt local zoning regulations to
protect wetlands in a manner consistent with the
recommended plan.

Open Space Preservation Plan Element
Implementation of the foregoing recommendations
relating to the enactment of proper zoning atten
dant to primary environmental corridors, agricul
tural areas, woodlands, wetlands, and wildlife
habitat areas will substantially contribute to imple
mentation of the open space preservation plan
element. In addition to the aforenoted regulatory
actions, however, the plan recommends that those
primary environmental corridor lands not already
in public ownership-such as the corridor lands on
the University of Wisconsin-Parkside campus---"Or in
compatible private ownership-such as the corridor
lands located through the Kenosha Country Club
be publicly acquired through whatever means
possible, including purchase, dedication, and gift.
Such lands total 612 acres in area and lie primarily
along the Pike River from the mouth upstream
to Petrifying Springs County Park, along the Soren
son Creek upstream from the confluence with the
Pike River, and along Pike Creek upstream from
the confluence with the Pike River. It is recom
mended that the Kenosha County Park Commis
sion gradually acquire these undeveloped primary
environmental corridor lands and preserve such
lands in their natural state. This land acquisition
recommendation was previously made in the
regional park and open space plan and the more
detailed park and open space plan prepared by the
Commission jointly for the City of Kenosha and
the Towns of Somers and Pleasant Prairie.

Secondary environmental corridors in the water
shed are located along the Pike River through the
Town of Mt. Pleasant, along the Pike Creek in the
Towns of Somers and Pleasant Prairie, and along
many of the more minor streams tributary to the
Pike River and Pike Creek. Such secondary corri
dors are important, particularly since they serve as
drainageways, and within developing urban areas
can provide urban open spaces and locations for
local parks. It is recommended that the local
municipalities involved appropriately zone such



secondary environmental corridor lands through
the use of conservancy and floodland zoning and
take such corridors into account in the land
development process, perhaps incorporating such
corridors into urban stormwater detention areas,
associated drainageways, and neighborhood parks
as may be required.

Outdoor Recreation Plan Element
In addition to continuing to maintain Petrifying
Springs County Park as a large multipurpose out
door recreation facility, it is recommended that
the Kenosha County Park Commission assume
responsibility for development of an approxi
mately seven-mile recreational corridor along the
main stem of the Pike River from Petrifying Springs
County Park to Lake Michigan. It is recommended
that Racine County, through its Highway and
Parks Committee, continue to maintain Sanders
Park in the Town of Mt. Pleasant and expand the
site through the acquisition of about 40 acres.
Finally with respect to the major parks in the
watershed, it is recommended that the City of
Kenosha complete the development of outdoor
recreation facilities at Sam Poerio Park.

It is also recommended that the City of Kenosha,
the Villages of Elmwood Park and Sturtevant, and
the Towns of Mt. Pleasant and Somers continue
to maintain the four existing community and
neighborhood parks in the watershed, and over
time, as the need for parks becomes evident,
acquire and develop 12 new community and neigh
borhood parks.

FLOODLAND MANAGEMENT
PLAN ELEMENT IMPLEMENTATION

The major floodland mangement recommendation
contained in the Pike River watershed plan is the
institution of sound floodland zoning regulations
throughout the watershed and the acquisition for
public park and open space use of primary environ
mental corridor lands along the Lower Pike River
and Sorenson Creek. The application of floodland
zoning was discussed in the previous section of this
chapter. It is important to note, however, that the
floodland zoning measures to be applied need to be
coordinated with the implementation of the struc
tural flood control measures described below. That
is, the local zoning agencies, and in particular the
Counties of Kenosha and Racine, need to apply
appropriate floodland zoning to the existing flood
lands in the watershed, particularly along the Pike
Creek and the Upper Pike River, based upon future

land use and existing channel conditions until such
time as the recommended flood control measures
in the form of channel improvements are under
taken. At that time, the floodland zoning regula
tions may be adjusted to reflect the improvements
that have actually been put in place.

In addition to implementing sound floodland
zoning, implementation of the floodland manage
ment plan element requires consideration of the
structural measures for flood damage abatement,
bridge replacement, maintenance of stream chan
nels and hydraulic structure waterway openings,
flood insurance, lending institution and realtor
policies, and the maintenance of a stream gaging
network. The implementation of each of these
items is discussed below, while a schedule of the
capital and operation and maintenance costs for
this plan element is set forth in Table 113.

Pike Creek Channel Improvements
It is recommended that the Town of Somers create
a sanitary district to undertake the necessary chan
nel improvements, including bridge replacement,
along Pike Creek. This includes the undertaking of
channel cleaning and debrushing activities along
Pike Creek from the confluence with the Pike
River upstream to the confluence with Somers
Branch, and the channel widening and deepening
and bridge replacement activities required along the
Pike Creek upstream from the confluence with the
Somers Branch.

Airport Branch Channel Improvements
It is recommended that the City of Kenosha
undertake any future channel improvements and
related bridge replacement along the Airport
Branch and the Tributary to Airport Branch. As
noted in Chapter XIV, the undertaking of these
channel improvements would be necessary only if
it were to be ultimately determined to develop the
lands generally lying east of the Kenosha Municipal
Airport for industrial purposes, and then only if it
were to be determined that it was desirable to fill
the existing floodplains to permit additional indus
trial land use development. Those determinations
can only be made at such time as the City of
Kenosha makes a decision to extend its industrial
park in a westerly direction from the Chicago &
North Western Railroad tracks to the Kenosha
Municipal Airport. The proposed channel improve
ments along the Airport Branch and the Tribu
tary to Airport Branch should not, however, be
undertaken without prior implementation of the
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Table 113

SCHEDULE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS
OF THE FLOODLAND MANAGEMENT ELEMENT OF THE RECOMMENDED

COMPREHENSIVE PLAN FOR THE PIKE RIVER WATERSHED BY YEAR: 1984·2000

Channel Improvements Channel Improvements Dike Upstream of
Channel Improvements and Bridge Replacement and Bridge Replacement Spring Street on the

and Bridge Replacement Along the Airport Branch and Along the Upper Pike River Bartlett Branch

Along Pike Creek Tributary to Airport Branch (Mt. Pleasant Stormwater (Mt. Pleasant Stormwater
(New Sanitary District) (City of Kenosha) Drainage District) Drainage District)

Operation Operation Operation Operation

Calendar Project and and and and
Year Year Construction Maintenance Construction Maintenance Construction Maintenance Construction Maintenance

1984 1 $ -- $ -- $ -- $ -- $ -- $ -- $37,900 $ 300
1985 2 -- -- -- -- -- -- -- 300
1986 3 225,200 1,600 -- -- 277,200 1,500 -- 300
1987 4 225,200 3,200 -- -- 277,200 3,000 -- 300
1988 5 225,200 4,800 -- -- 277,200 4,500 -- 300
1989 6 225,200 6,400 -- -- 277,200 6,000 -- 300
1990 7 225,200 8,100 171,400 200 277,200 7,600 -- 300
1991 8 -- 8,100 171,400 400 -- 7,600 -- 300
1992 9 -- 8,100 171,400 600 -- 7,600 -- 300
1993 10 -- 8,100 171,400 800 -- 7,600 -- 300
1994 11 -- 8,100 171,400 1,000 -- 7,600 -- 300
1995 12 -- 8,100 -- 1,000 -- 7,600 -- 300
1996 13 -- 8,100 -- 1,000 -- 7,600 -- 300
1997 14 -- 8,100 -- 1,000 -- 7,600 -- 300
1998 15 -- 8,100 -- 1,000 -- 7,600 -- 300
1999 16 -- 8,100 -- 1,000 -- 7,600 -- 300
2000 17 -- 8,100 -- 1,000 -- 7,600 -- 300

Watershed Total $1,126,000 $105,100 $857,000 $9,000 $1,386,000 $98,600 $37,900 $5,100

Annual Average $ 66,200 $ 6,200 $ 50,400 $ 500 $ 81,500 $ 5,800 $ 2,200 $ 300

Jetties and Dredging at
Kenosha Country Dike System on Mouth of Pike River
Club Dike System Lower Pike River (City of Kenosha

Structure Structure
(Kenosha Country Club) (New Drainage District) Park Commission)

F loodproofing Floodproofing
Operation Operation Operation and Elevation and Elevation oli

Calendar Project and and and on Somers Branch Bartlett Branch
Year Year Construction Maintenance Construction Maintenance Construction Maintenance (Town of Somers) (Town of Mt. Pleasant)

1984 1 $ $ $ $ $ $ $ $
1985 2 47,500 10,700 19,300
1986 3 181,500 1,700 294,300 3,100 47,500 1,100 10,700 19,300
1987 4 181,500 3,500 294,300 6,200 1,100 10,700 19,300
1988 5 3,500 294,300 9,300 1,100 10,700 19,300
1989 6 3,500 9,300 1,100 10,700 19,300
1990 7 3,500 9,300 1,100
1991 8 3,500 9,300 1,100
1992 9 3,500 9,300 1,100
1993 10 3,500 9,300 1,100
1994 11 3,500 9,300 1,100
1995 12 3,500 9,300 1,100
1996 13 3,500 9,300 1,100
1997 14 3,500 9,300 1,100
1998 15 3,500 9,300 1,100
1999 16 3,500 9,300 1,100
2000 17 3,500 9,300 1,100

Watershed Total $363,000 $50,700 $882,900 $130,200 $95,000 $16,500 $53,500 $96,500

Annual Average $ 21,400 $ 3,000 $ 51,900 $ 7,700 $ 5,600 $ 1,000 $ 3,100 $ 5,700

Structure
Total

Floodproofing Chicory Road
and Elevation on Bridge Replacement Streamflow Gaging Operation

Calendar Project Lower Pike River (Mt. Pleasant Stormwater (City of Kenosha and
Year Year (Town of Somers) Drainage District) Water Utility) Capital Maintenance

1984 1 $ -- $ -- $ 7,000 $ 37,900 $ 7,300
1985 2 16,900 90,300 7,000 184,700 7,300
1986 3 16,900 -- 7,000 1,072,600 16,300
1987 4 16,900 -- 7,000 1,025,100 24,300
1988 5 16,900 -- 7,000 843,600 30,500
1989 6 16,900 -- 7,000 549,300 33,600
1990 7 -- -- 7,000 673,800 37,100
1991 8 -- -- 7,000 171,400 37,300
1992 9 -- -- 7,000 171,400 37,500
1993 10 -- -- 7,000 171,400 37,700
1994 11 -- -- 7,000 171,400 37,900
1995 12 -- -- 7,000 -- 37,900
1996 13 -- -- 7,000 -- 37,900
1997 14 -- -- 7,000 -. 37,900
1998 15 -- -- 7,000 -- 37,900
1999 16 -- -- 7,000 -- 37,900
2000 17 -- -- 7,000 -- 37,900

Watershed Total $84,500 $90,300 $119,000 $5,072,600 $534,200

Annual Average $ 5,000 $ 5,300 $ 7,000 $ 298,400 $ 31,400

Source: SEWRPC.
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recommended channel improvements along the
Pike Creek.

Upper Pike River Channel Improvements
It is recommended that the Mt. Pleasant Storm
water Drainage District undertake the necessary
channel improvements and related bridge replace
ment along the Upper Pike River. Such improve
ments would extend from CTH C downstream to
the confluence with the Pike River in Petrifying
Springs County Park. In this respect, the coopera
tion of the Kenosha County Park Commission will
be required in order to ensure that the channel
improvements at and immediately upstream from
the confluence with the Pike Creek are carried out
in a manner compatible with preservation to the
maximum extent practicable of the natural envi
ronment in this area.

Bartlett Branch Dike
It is recommended that the Mt. Pleasant Storm
water Drainage District undertake the construction
of a dike along the Bartlett Branch upstream of
Spring Street. This would include acquisition of
land for the dike, as well as any additional adja
cent land necessary to permit local stormwater
drainage behind the dike to percolate into the
groundwater system.

Lower Pike River Dike System
As described in Chapter XIV, the watershed plan
recommends the construction of a system of dikes
on the Lower Pike River extending downstream
from CTH G to about one-quarter mile down
stream of the Chicago & North Western Railroad
crossing. This reach includes the Pike River through
the Kenosha Country Club grounds. Such a system
of dikes would be advantageous to the operations
of the Kenosha Country Club, eliminating inunda
tion from floods having a recurrence interval of up
to and including 10 years; reducing the damages to
golf course tees, greens, and traps; reducing grounds
maintenance costs after flood events; and increas
ing the average number of days during the year in
which the course can be played. Upstream and
downstream of the Kenosha Country Club the
system of dikes would protect existing farms from
agricultural flood damages caused by floods having
a recurrence interval of up to 10 years. The bene
fits and costs of the system of dikes upstream and
downstream of the Kenosha Country Club are
described in Chapter XIV of this report, together
with other considerations, such as the planned
conversion of many of the farms currently experi
encing flood damages along the Lower Pike River
from rural to urban use over the next two decades.

It is recommended that the Town of Somers
assume the leadership required to facilitate further
consideration of the construction of the recom
mended dike system along the Lower Pike River,
including through the Kenosha Country Club
grounds. More specifically, it is recommended that
the Town of Somers undertake the necessary pre
liminary engineering study to select a final level of
protection and configuration for the dike system
and prepare final cost estimates. Upon completion
of the preliminary engineering studies, should it
be determined to be desirable to proceed with
construction of the dike system, it is recommended
that a Lower Pike River Drainage District be
created under the aegis of the Kenosha County
Drainage Board to include all of the benefited
properties. The potential boundaries of such a dis
trict are shown on Map 92. The dike construction
would be carried out by the Drainage District with
the necessary funds provided by assessment of
the benefited properties.

Should there be no consensus among the interests
concerned on when to proceed with construction
of the dike system following the preliminary engi
neering study, then each individual property owner
would have to decide whether or not to individu
ally undertake construction of portions of the dike
system. Such an approach would be feasible for
most property holdings, and particularly so for
the Kenosha Country Club since the proposed
dike system through the Country Club grounds
could be constructed entirely by the Country
Club without need for cooperative action by adja
cent land owners.

Pike River Mouth Jetties and Dredging
It is recommended that the City of Kenosha Park
Commission undertake the construction of the
two parallel jetties and the dredging of the channel
bottom between the jetties required to maintain
channel flow capacity at the mouth of the Pike
River at the shoreline of Lake Michigan. The City
of Kenosha Park Commission has jurisdiction over
the adjacent lands and is in the best position to
carry out these particular flood control recom
mendations. It is further recommended that the
City of Kenosha Park Commission seek a lake
bed grant from the State Legislature for the lands
that would be involved in the jetty construction
and channel maintenance project. Securing such
a lakebed grant would ensure that the City of
Kenosha Park Commission would be free from
any requirement to obtain a state permit to under
take the jetty construction and channel mainte
nance activities.
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Map 92

BOUNDARIES OF THE MT. PLEASANT STORMWATER DRAINAGE DISTRICT
AND THE POTENTIAL DRAINAGE DISTRICT ALONG THE LOWER PIKE RIVER

".

t
If it is ultimately determined to construct a system of
dikes along the Lower Pike River-either including or

excluding the Kenosha Country Club-then it will likely
be necessary to create a Lower Pike River Drainage
District under the aegis of the Kenosha County Drain
age Board. The above map identifies one potential
configuration of such a drainage district, together with
the boundaries of the existing drainage district in
the watershed.
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Chicory Road Bridge Replacement
It is recommended that the Mt. Pleasant Storm
water Drainage District undertake the proposed
replacement of the Chicory Road bridge on Soren
son Creek. Replacement of this bridge would
significantly abate the backwater effects that are
currently caused by the inadequate structure.

Structure Floodproofing and Elevation
The recommended plan calls for structure flood
proofing and elevation measures to be undertaken
at several locations in the watershed, including
along the Somers Branch and the Lower Pike River
in the Town of Somers and City of Kenosha; and
along the Bartlett Branch in the Town of Mt. Plea
sant. Structure floodproofing and elevation would
be undertaken by the property owners directly
affected; as, for example, by Carthage College with
respect to its field house located near the Lower
Pike River, and the former Valley Supper Club
with respect to its building also located near the
Lower Pike River. It is recommended, however,
that the two towns involved and the City of
Kenosha make available at the request of, and at
no cost to, the property owners concerned through
their town engineers the professional services
required to prepare plans for floodproofing and
elevation of the individual buildings involved. In
addition, it is recommended that the Towns of
Somers and Mt. Pleasant and the City of Kenosha
review their local building ordinances to ensure that
appropriate regulations dealing with structure
floodproofing are included. In addition, it is recom
mended that these local units of government
explore on behalf of the property owners directly
affected any available state and/or federal aids for
such floodproofing measures.

Stream Flow Gaging
It is recommended that the City of Kenosha
Water Utility, the U. S. Geological Survey, and the
Regional Planning Commission continue the coop
erative effort involved in maintaining the existing
continuous recorder stream gaging station on the
Pike River at the University of Wisconsin-Parkside
campus. It is also recommended that the U. S. Geo
logical Survey and the Wisconsin Department of
Transportation continue to maintain the partial
record peak-flow gage on Pike Creek at STH142.

Bridge Replacement
It is recommended that the Wisconsin Department
of Transportation, the Racine and Kenosha County
Highway Committees, and any local units of gov
ernment constructing or financing new bridges
or replacing existing bridges over the stream chan-

nel system of the Pike River watershed design and
construct such bridges in accordance with the
water control facility objectives set forth in Chap
ter X of this report. It is further recommended that
the highway agencies involved coordinate the
replacement of any highway bridges with the
agencies designated as being responsible for the
construction of recommended channel improve
ments, particularly along Pike Creek and the Upper
Pike River.

Flood Insurance
It is recommended that Kenosha and Racine
Counties and the local units of government in the
watershed continue to participate in the Federal
Flood Insurance Program. It is further recom
mended that the Federal Emergency Management
Agency take the data and information developed
under the Pike River watershed study into account
at such time as it may undertake revisions to the
federal flood insurance studies that have been
completed for the communities in the Pike River
watershed. It is also recommended that owners of
property in flood-prone areas purchase flood insur
ance for protection against losses sustained in
future floods.

Lending Institutions and Realtor Policies
It is recommended that lending institutions con
tinue to determine the flood-prone status of prop
erties prior to granting of a mortgage. It is also
recommended that real estate brokers and their
agents continue to inform potential purchasers of
property of any flood hazard which may exist at
the site.

Maintenance of Stream Channels and
Hydraulic Structure Waterway Openings
It is recommended that all governmental units and
agencies in the watershed having jurisdiction over
the highway and stream system, and in particular
the Mt. Pleasant Stormwater Drainage District,
carry out periodic cleaning and maintenance of
both the stream channels and of the bridge and
culvert waterway openings.

WATER QUALITY
MANAGEMENT PLAN ELEMENT

The major water quality management recommen
dations contained in the Pike River watershed plan
relate to the abandonment of the Somers sewage
treatment facility, the elimination of the remaining
six sanitary sewerage system flow relief devices in
the watershed, the abatement of pollution from
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Table 114

SCHEDULE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS
OF THE WATER QUALITY MANAGEMENT PLAN ELEMENT OF THE RECOMMENDED

COMPREHENSIVE PLAN FOR THE PIKE RIVER WATERSHED BY YEAR: 1984-2000

Abandonment of Somers Urban and Rural Diffuse
Sewage Treatment Plant Water Pollution Source Water Quality
(Town of Somers Utility Management Practices Monitoring Program

District No.1 and {designated (Wisconsin Department
City of Kenosha) management agencies} of Natural Resourcesl Total

Operation Operation Operation Operation
Calendar Project and and and and

Year Year Capital Maintenance Capital Maintenance Capital Maintenance Capital Maintenance

1984 1 $ 100,000 $ .• $ 583,000 $ 30,000 $ .. $ .. $ 683,000 $ 30,000
1985 2 744,000 .. 583,000 60,000 .. .. 1,327,000 60,000
1986 3 743,000 16,000 583,000 90,000 .. 17,000 . 1,326,000 106,000
1987 4 .. 16,000 583,000 120,000 .. " 583,000 136,000
1988 5 . - 16,000 583,000 150,000 .. .. 583,000 166,000
1989 6 .. 16,000 583,000 152,000 .. .. 583,000 168,000
1990 7 . - 16,000 584,000 152,000 .. .. 584,000 168,000
1991 8 .. 16,000 584,000 152,000 _ . 17,000 584,000 168,000
1992 9 .. 16,000 427,000 152,000 .. -- 427,000 168,000
1993 10 . - 16,000 427,000 152,000 _ . .. 427,000 168,000
1994 11 .. 16,000 427,000 152,000 . - .. 427,000 168,000
1995 12 . , 16,000 427,000 152,000 .. .. 427,000 168,000
1996 13 . , 16,000 427,000 152,000 .. 17,000 427,000 168,000
1997 14 _. 16,000 427,000 152,000 .. -- 427,000 168,000
1998 15 _. 16,000 427,000 152,000 .. '- 427,000 168,000
1999 16 .. 16,000 427,000 152,000 .. .. 427,000 168,000
2000 17 _. 16,000 427,000 152,000 -- .. 427,000 168,000

Watershed Total $1,587,000 $240,000 $8,509,000 $2,274,000 $ .. $51,000 $10,096,000 $2,565,000

Annual Average $ 93,400 $ 14,100 $ 500,500 $ 133,800 $ .. $ 3,000 $ 593,900 $ 150,900

Source: SEWRPC.

industrial waste discharges, the abatement of pol
lution from diffuse sources, and the conduct of
a water quality monitoring program. The following
addresses each of these subelements of the plan by
responsible unit or agency of government, while
a schedule of the capital and operation and main
tenance costs for this plan element is set forth in
Table 114.

Abandonment of Somers
Sewage Treatment Facility
It is recommended that the Town of Somers
Utility District No. 1 and the City of Kenosha
cooperatively work toward abandonment of the
Somers sewage treatment facility as soon as pos
sible. Owing to funding constraints, it' is recog
nized that the construction of the long-planned
extension of the Parkside trunk sewer, as envi
sioned in the areawide water quality management
plan, may have to be deferred perhaps beyond the
planning period for the watershed plan. Accord
ingly, it is recommended that consideration be
given by the Town of Somers and the City of
Kenosha to immediate construction of an interim
connection that would provide for abandonment
of the Somers sewage treatment facility by means
of a combination gravity flow sewer and pump
ing station and force main system. The implemen-
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tation of this measure would remove the last
sewage treatment plant discharge from the Pike
River system.

Elimination of Sewage Flow Relief Devices
The only remaining devices providing sanitary
sewerage system flow relief by discharging new
sewage to the stream system of the Pike River
watershed are five crossovers from the sanitary
sewer system to the storm sewer system in the
City of Kenosha, two of which are proposed to
be maintained to serve pumping stations in emer
gency purposes. It is recommended that the City
of Kenosha take timely action to eliminate the
remaining three crossovers, including the construc
tion of relief sewers as may be necessary .

Abatement of Pollution from
Industrial Waste Discharges
It is recommended that the five existing, and any
future, industrial point sources of pollution dis
charging directly or indirectly to the Pike River
watershed stream system be controlled. The
method of control is the setting of discharge limi
tations for each outfall by the Wisconsin Depart
ment of Natural Resources under the Wisconsin
Pollutant Discharge Elimination System (WPDES).



Abatement of Pollution From Diffuse Sources
It is recommended that the communities within
the watershed use a judicious blend of education
and regulation to encourage citizens to apply low
cost measures such as, for urban areas, control
of litter and pet waste; proper application of
chemical and organic fertilizers and pesticides to
lawns and shrubbery; and, for rural areas, mini
mum soil conservation practices. All critical areas
of upland, shoreland, and stream bank erosion
should be identified and protected in both urban
and rural areas. It is also recommended that,
through local building codes, builders be required
to control soil erosion during demolition and con
struction activities, and that proper storage and
runoff control be provided for all facilities hand
ling materials which may be hazardous to the envi
ronment. The University of Wisconsin-Extension
should provide assistance in the public education
process required to control litter and pet wastes
and in the application of fertilizers and pesticides.
The U. S. Soil Conservation Service should provide
technical assistance in the development of specific
diffuse source pollution control measures by local
communities. In addition, it is recommended that
Kenosha and Racine Counties continue to regulate
the installation and maintenance of septic tank
systems through their respective sanitary codes. It
is further recommended that local public works
departments examine the manner in which munici
pal services, such as street and storm sewer system
cleaning and maintenance and garbage collection,
are performed to determine if the amount of dust,
dirt, and litter that accumulates on the road sur
faces and adjacent areas and that is, therefore,
subject to washoff to the stream system can be
significantly reduced, particularly in advance of
major runoff events, with marginal increases in
cost. Finally, it is recommended that proper
application and control of street deicing material
be practiced by the necessary agencies within the
watershed to minimize the chloride loadings to the
surface waters of the Pike River watershed.

Continuing Water Quality Monitoring Program
It is recommended that the Regional Planning
Commission in cooperation with the Wisconsin
Department of Natural Resources and the major
units of government in the Pike River watershed
develop and implement a continuing water quality
monitoring program. Such a program would demon
strate and document the changes in surface water
quality attendant to implementation of the Pike
River watershed plan and would help detect,
locate, and control future sources of pollution.

FINANCIAL AND TECHNICAL ASSISTANCE

Upon adoption of the various land use, park and
open space, floodland management, and water
quality management plan elements and any neces
sary schedules of capital costs and operation and
maintenance expenditures, it becomes important
for the local units of government within the
watershed to utilize effectively all sources of
financial and technical assistance available for the
timely execution of the recommended plan. In
addition to using current tax revenue sources, such
as property taxes, fees, fines, public utility earn
ings, highway aids, and state-shared taxes, the local
units of government can make use of such revenue
sources as borrowing, special taxes and assessments,
state and federal grants, and gifts. Various types of
technical assistance useful in plan implementation
are also available from county, state, and federal
agencies. The type of assistance available ranges
from the technical advice on land and water man
agement practices provided by the U. S. Soil Con
servation Service to the educational, advisory, and
review services offered by the University of Wis
consin-Extension Service and the Regional Plan
ning Commission itself.

Borrowing
Local units of government are normally authorized
to borrow so as to effectuate their powers and
discharge their duties. Chapter 67 of the Wisconsin
Statutes generally empowers counties, cities, vil
lages, and towns to borrow money and to issue
municipal obligations not to exceed 5 percent of
the equalized assessed valuation of their taxable
property, with certain exceptions, including school
bonds and revenue bonds. Such borrowing powers,
which are related directly to implementation of the
comprehensive Pike River watershed plan, include
the following:

1. Counties may issue bonds for county park
and related open space land acquisition
and development.

2. Cities and villages may borrow and issue
bonds for the construction of water supply
and distribution systems, for sewage treat
ment plants, and for park and related open
space land acquisition and development.

3. Section 60.307 of the Wisconsin Statutes
specifically authorizes town sanitary districts
to borrow money and to issue bonds for the
construction or extension of storm sewer,
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sanitary sewer, and water supply systems.
Sections 66.202 and 59.96(7) of the Wis
consin Statutes authorize metropolitan sew
erage districts to borrow money and to issue
bonds for the construction of sanitary sew
erage facilities. Farm drainage boards are
authorized under Section 88.12 of the Wis
consin Statutes to issue bonds for any and
all of their functions.

Special Taxes and Assessments
Counties and cities have special assessment powers
for park and parkway acquisition and improve
ments under Sections 27.065 and 27 .10(4), respec
tively, of the Wisconsin Statutes. Counties are
empowered under Section 27.06 of the Wisconsin
Statutes to levy a mill tax to be collected into
a separate fund and to be paid out only upon order
of the county park commission for the purchase
of land and other commission expenses. Farm
drainage boards, town sanitary districts, metro
politan sewerage districts, cities, and villages also
have taxing and special assessment powers under
Sections 88.06, 63.06, 60.39, 59.96(9), and
62.18(16) of the Wisconsin Statutes.

Community Development Block Grant Program
This program, authorized under Title I of the
Housing and Community Development Act of
1974, Public Law 93-383, and administered by the
U. S. Department of Housing and Urban Develop
ment, provides grants to local units of government
for a variety of purposes, including the construc
tion or improvement of public utilities and facili
ties, economic development activities, and housing
rehabilitation. These grants are available as entitle
ment grants to cities with populations in excess of
50,000 and are available as "small city grants" to
communities of less than 50;000 persons. The
latter are made in Wisconsin through the Wisconsin
Department of Development.

State Water Pollution Prevention
and Abatement Program
A state water pollution prevention and abatement
program was established in 1978. This program is
referred to as the "Wisconsin Fund" and is admin
istered by the Wisconsin Department of Natural
Resources pursuant to rules set forth in Chapter
NR 128 of the Wisconsin Administrative Code. The
program provides financial assistance to local gov
ernments for the cost of approved pollution abate
ment and prevention projects. Eligible projects
include waste treatment facilities; trunk, relief, and
intercepting sewers; outfall sewers; certain sewage
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collection systems where new sewage treatment
plants are being built in unsewered communities;
and other appurtenances. Only that portion of the
project required to accommodate 10 years of
development in the tributary area is eligible for
assistance. For nonfederally aided projects, the
state grant may cover as much as 75 percent of the
total cost of facilities planning activities, and up to
60 percent of the eligible costs of construction.
For projects receiving federal aid, the state grant
may be combined with federal assistance to pro
vide a maximum of 75 percent of the eligible cost
of the project.

State Water Quality Nonpoint
Control Grants Program
As an element of the Wisconsin Fund, this program
is administered by the Wisconsin Department of
Natural Resources to provide grants for urban and
rural nonpoint source controls. The grant share
is not to exceed 50 percent of the cost of imple
menting the eligible land management practices.
However, when combined with federal grant
assistance, up to 70 percent grant shares may
be provided.

Federal Agricultural Conservation Program
This program, administered by the U. S. Depart
ment of Agriculture, Agricultural Stabilization and
Conservation Service, provides grants to farmers
for carrying out approved soil, water, woodland,
and wildlife conservation practices.

Federal Water Resources Investigation Program
The U. S. Geological Survey administers a coopera
tive water resources investigation program that
provides federal matching funds in amounts up to
50 percent of the cost of projects under the pro
gram. This program includes the installation,
calibration, operation, and maintenance of stream
gage recording stations.

General Works Projects-
U. S. Army Corps of Engineers
Substantial federal financial and technical assis
tance is available for the construction of approved
flood control works under the general works
projects program carried out by the U. S. Army
Corps of Engineers upon approval of a particular
project by the U. S. Congress. After feasibility
studies and public hearings, the U. S. Army Corps
of Engineers will undertake the construction of
such flood control works as channel improvements,
dikes and floodwalls, and reservoirs. Costs for all
lands, easements, and necessary rights-of-way and



all other such costs, however, must be provided by
the local unit of government in accordance with
established cost-sharing policies. In addition, the
local unit of government must agree to maintain
and operate all facilities constructed under the
program in accordance with regulations prescribed
by the Secretary of the Army.

The U. S. Army Corps of Engineers can undertake
flood control projects under two separate authori
ties. Under Section 205 of the Federal Flood
Control Act of 1948 as amended, the Corps is
authorized to contribute to the design and con
struction phases of relatively small-scale flood
control projects, provided that the maximum cost
to the Corps is $4 million or less. Projects eligible
under this program can be authorized directly by
~he Chief of Engineers and, therefore, project
Implementation times are shorter than under the
other Corps' program, typically approximately five
to 10 years. A second program, the general inves
tigation program, requires explicit congressional
authorization and appropriation. This type of
project requires implementation in several phases
over many years, including completion of a three
stage feasibility study followed by a construction
phase. Both the feasibility study and the construc
tion phase require explicit congressional approval
and implementation of projects under this pr()gra~
typically require from 20 to 30 years to accom
plish. Under both Corps' programs, the projects
must be demonstrated to be economically feasible
and environmentally sound. Flood control projects
within the Pike River watershed are relatively small
and could possibly be undertaken under the small
scale program of the Corps noted above.

Technical Assistance
Certain federal, state, regional, and county agencies
provide various levels and types of technical assis
tance useful in watershed plan implementation to
local units of government upon request. Limited
guidance and assistance are usually provided with
out cost, or such assistance may be provided for
a nominal fee. In some cases, the local unit of
government may contract with the agency for
more extensive technical assistance services. A sum
mary of the various levels and types of assistance
available by agency follows.

Federal Agencies: The U. S. Soil Conservation Ser
vice, provides technical assistance to local units of
government and soil and water conservation dis
tricts for resource conservation, development and
utilization programs. '

The U. S. Environmental Protection Agency pro
vides technical assistance and advice on request at
no cost to state and local units of government and
private firms relative to water quality problems.

State Agencies: The University of Wisconsin
Extension Service, through the county agents and
extension specialists, provides important educa
tional and technical assistance to farmers and to
local units of government in public affairs, soil and
water conservation, and outdoor recreation. Since
the work of the Commission is entirely advisory,
the importance of organized educational efforts
directed at achieving public understanding and
acceptance of the regional plans cannot be over
estimated. The University Extension can, in this
respect, fulfill an indirect, yet most important,
plan implementation function.

The Wisconsin Department of Natural Resources
provides advice on water problems; fish manage
ment; and forest planting, protection, manage
ment, and harvesting. The Wisconsin Department
of Natural Resources also provides plan review
services and supervision of the operation of public
water supply and sewage treatment facilities and is
authorized to provide technical assistance to local
units of government and private groups in their
efforts to initiate or engage in specific types of
development, such as parks, recreation, resource
development, water supply, and sewage disposal.

Areawide Agencies: The Southeastern Wisconsin
Regional Planning Commission provides educa
tional, advisory, and review services to the local
units of government, including participation in
educational programs, such as workshops; provi
sion of speakers; sponsorship of regional planning
conferences; publication of bimonthly newsletters;
selection of staff and consultants; preparation of
planning programs; preparation of special base and
soil mapping; preparation of suggested zoning,
official mapping, and land division ordinances·
provision of information regarding federal and
state aid programs; and review of local planning
programs, plan proposals, ordinances, and most
state and federal grant applications. In addition ,
the Commission is empowered to contract with
local units of government under Section 66.30 of
the Wisconsin Statutes to make studies and offer
advice on land use, transportation, community
facilities, and other public improvements.

County Agencies: The county land conservation
committees are authorized to cooperate in fur
nishing technical assistance to landowners or
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occupiers and any public or private agency in
preventing soil erosion and floodwater and sedi
mentation damage, and in furthering water con
servation and development.

SUMMARY

This chapter has described the various means avail
able and recommended specific procedures for
implementation of the recommended comprehen
sive Pike River watershed plan. The most impor
tant recommended plan implementation actions
are summarized ·in the following paragraphs by
level of government and responsible agency or unit
of government.

Local Level
The local level agencies involved in implementa
tion of the Pike River watershed plan consist of
Kenosha and Racine Counties; the Cities of
Kenosha and Racine; the Villages of Elmwood Park
and Sturtevant; the Towns of Mt. Pleasant, Plea
sant Prairie, and Somers; and the special sanitary,
utility, and drainage districts formed in the three
towns. The specific recommended actions for
each of these units and agencies of government are
as follows:

Kenosha County: It is recommended that Kenosha
County, through its various committees, commis
sions, boards, and the County Board of Supervi
sors, act to implement the recommended watershed
plan in the following manner:

1. That the County Board of Supervisors adopt
the recommended Pike River watershed plan
after a report and recommendation by the
County Park Commission, the County Plan
ning and Zoning Committee, the County
Highway Committee, the County Land Con
servation Committee, and the County Drain
age Board, as a guide to land use, park and
open space, floodland management, and
water quality management in the Pike River
watershed;

2. That the County Drainage Board acknow
ledge the comprehensive Pike River water
shed plan and use the plan as a frame of
reference in any future activities regarding
drainage;

3. That the County Planning and Zoning Com
mittee and County Board review and revise
as necessary the Kenosha County Zoning
Ordinance to implement the recommenda-
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tions set forth in the land use, floodland
management, and water quality management
elements of the Pike River watershed plan;

4. That the County Park Commission acquire
over time through purchase, dedication, and
gift as may be timely and appropriate, the
remaining undeveloped primary environ
mental corridor lands along the Pike River
and Sorenson Creek and preserve such lands
in their natural state;

5. That the County Park Commission design,
construct, and maintain the recommended
seven-mile recreation trail along the main
stem of the Pike River from Petrifying
Springs County Park to Lake Michigan;

6. That the County Park Commission cooperate
with the Town of Mt. Pleasant Stormwater
Drainage District in designing, constructing,
and maintaining the recommended stream
channel improvements along the Upper Pike
River from CTH KR downstream to the
confluence with the Pike Creek in Petrifying
Springs County Park;

7. That the County Highway Committee, as
the highway system under its jurisdiction is
maintained and reconstructed over time,
construct new and replace existing bridges
over the Pike River stream channel system
in accordance with the recommended water
control facility objectives and standards; and

8. That the County Land Conservation Com
mittee assume the lead responsibility for
nonpoint source water pollution control
throughout the Kenosha County portion of
the watershed.

Racine County: It is recommended that Racine
County, through its various committees, commis
sions, boards, and the County Board of Supervisors,
act to implement the recommended watershed plan
in the following manner:

1. That the County Board of Supervisors
adopt the recommended Pike River water
shed plan after a report and recommenda
tion by the County Highway and Parks Com
mittee; the County Land Use, Agricultural,
Environmental, and Extension Education
Committee; the County Land Conservation
Committee; and the County Drainage Board,
as a guide to land use, park and open space,



floodland management, and water quality
management in the Pike River watershed;

2. That the County Drainage Board acknow
ledge the comprehensive Pike River water
shed plan and use the plan as a frame of
reference in any future activities regarding
drainage;

3. That the County Land Use, Agricultural,
Environmental, and Extension Education
Committee and the County Board review
and revise as necessary the Racine County
Zoning Ordinance to implement the rec
ommendations set forth in the land use,
floodland management, and water quality
management elements of the Pike River
watershed plan, and cooperate with the
Town of Mt. Pleasant in similarly reviewing
and revising as necessary the Town Zoning
Ordinance;

4. That the County Highway and Parks Com
mittee acquire land for and develop the
recommended expansion of Sanders Park;

5. That the County Highway and Parks Com
mittee, as the highway system under its juris
diction is maintained and reconstructed over
time, construct new and replace existing
bridges over the Pike River stream channel
system in accordance with the recommended
water control facility objectives and stan
dards; and

6. That the County Land Conservation Com
mittee assume the lead responsibility for
diffuse source pollution control throughout
the Racine County portion of the watershed.

City of Kenosha: It is recommended that the City
of Kenosha, through its various committees, com
missions, boards, and the Common Council, act to
implement the recommended watershed plan in the
following manner:

1. That the Common Council adopt the recom
mended Pike River watershed plan after
a report and recommendation by the Board
of Public Works, City Plan Commission, and
City Park Commission, as a guide to land
use, park and open space, floodland man
agement, and water quality management in
the Pike River watershed;

2. That the City Plan Commission and the
Common Council review and revise as neces
sary the City of Kenosha Zoning Ordinance
to implement the recommendations set forth
in the land use, floodland management, and
water quality management elements of the
Pike River watershed plan;

3. That the City Plan Commission and the
Common Council review the City building
code to ensure that appropriate regulations
are included dealing with structure flood
proofing, and provide professional engineer
ing assistance to landowners affected by the
structure floodproofing recommendations of
the plan;

4. That the City Park Commission complete
development of the Sam Poerio Park;

5. That the City Park Commission acquire and
develop as necessary over time the recom
mended system of neighborhood parks in
the watershed;

6. That the City Park Commission design, con
struct, and maintain the recommended jet
ties at the mouth of the Pike River on Lake
Michigan and periodically maintain the Pike
River channel between the jetties;

7. That the Board of Public Works determine
the desirability of undertaking the channel
improvements on the Airport Branch and
the Tributary to Airport Branch as the
Kenosha industrial park is expanded over
time and, if found to be desirable, undertake
such improvements. In the alternative, the
Board may require preservation of the
natural floodlands and attendant floodwater
storage capacity along these stream channels
as an integral part of the design of indus
trial parks or other urban development in
the area;

8. That the Board of Public Works cooperate
with the Town of Somers Utility District
No.1 in facilitating the abandonment of the
Somers sewage treatment facility;

9. That the Board of Public Works eliminate
three crossovers that divert sanitary sewage
into the Pike River stream system;
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10. That the Board of Public Works carry out
responsibilities as the designated manage
ment agency for diffuse source pollution
control; and

11. That the Kenosha Water Utility continue the
cooperative stream gaging program involving
the continuous stage recorder stream gage on
the Pike River.

City of Racine: It is recommended that the City
of Racine through its various committees, com
missions, boards, and the Common Council, act to
implement the recommended watershed plan in
the following manner:

1. That the Common Council adopt the rec
ommended Pike River watershed plan
after a report and recommendation by
the Board of Public Works and the City
Plan Commission;

2. That the City Plan Commission and the
Common Council review and revise as nec
essary the City of Racine Zoning Ordinance
to implement the recommendations set forth
in the land use, floodland management, and
water quality management elements of the
Pike River watershed plan; and

3. That the Board of Public Works carry out
the responsibilities as the designated man
agement agency for diffuse source pollu
tion control.

Village of Elmwood Park: It is recommended that
the Village of Elmwood Park through its various
committees, commissions, boards, and the Village
Board, act to implement the recommended water
shed plan in the following manner:

1. That the Village Board adopt the recom
mended Pike River watershed plan after
a report and recommendation by the Village
Plan Commission, as a guide to land use,
park and ope~ space, floodland manage
ment, and water quality management in the
Pike River watershed;

2. That the Village Board carry out responsi
bilities as the designated management agency
for diffuse source pollution control;

3. That the Village Plan Commission and Vil
lage Board' review and revise as necessary the
Village of Elmwood Park Zoning Ordinance
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to implement the recommendations set forth
in the land use, floodland management, and
water quality management elements of the
Pike River watershed plan; and

4. That the Village Park Commission provide
a neighborhood park as recommended in
the plan.

Village of Sturtevant: It is recommended that the
Village of Sturtevant, through its various commit
tees, commissions, boards, and the Village Board,
act to implement the recommended watershed plan
in the following manner:

1. That the Village Board act to adopt the rec
ommended Pike River watershed plan after
a report and recommendation by the Vil
lage Plan Commission as a guide to land use,
park and open space, floodland manage
ment, and water quality management in the
Pike River watershed;

2. That the Village Board carry out responsi
bilities as the designated management agency
for diffuse source pollution control;

3. That the Village Plan Commission and Vil
lage Board review and revise as necessary the
Village of Sturtevant Zoning Ordinance to
implement the recommendations set forth in
the land use, floodland management, and
water quality management elements of the
Pike River watershed plan; and

4. That the Village Park and Recreation Com
mittee and Village Board acquire and develop
as necessary over time the recommended
system of local or neighborhood parks in
the watershed.

Town of Mt. Pleasant: It is recommended that the
Town of Mt. Pleasant, through its various com
mittees, commissions, boards, and the Town Board,
act to implement the recommended watershed plan
in the following manner:

1. That the Town Board adopt the recom
mended Pike River watershed plan after
a report and recommendation by the Town
Plan Commission, Town Park Commission,
Town Utility District No.1, and Town
Stormwater Drainage District No. 1 as
a guide to land use, park and open space,
floodland management, and water quality
management in the Pike River watershed.



2. That the Town Plan Commission and Town
Board review and revise as necessary the
Town Zoning Ordinance to implement the
recommendations set forth in the land use,
floodland management, and water quality
management elements of the Pike River
watershed plan.

3. That the Town Plan Commission and Town
Board review the town building code to
ensure that appropriate regulations are
included dealing with structure floodproof
ing, and provide professional engineering
assistance to landowners affected by the
structure floodproofing recommendations of
the plan;

4. That the Town Board carry out responsibili
ties as the designated management agency
for diffuse source pollution control;

5. That the Town Park Commission acquire
and develop as necessary over time the
recommended system of local or neighbor
hood parks in the watershed;

6. That the Commission of the Town of
Mt. Pleasant Utility District No.1 adopt the
recommended Pike River watershed plan as
a guide to land use and sewerage facility
development in the district;

7. That the Commission of the Town of
Mt. Pleasant Stormwater Drainage District
No. 1 adopt the recommended Pike River
watershed plan as a guide to land use and
stormwater management in the district;

8. That the Commission of the Town of
Mt. Pleasant Stormwater Drainage District
No. 1 design, construct, and maintain the
recommended channel improvements, includ
ing bridge replacement, along the Upper
Pike River;

9. That the Commission of the Town of
Mt. Pleasant Stormwater Drainage District
No. 1 design, construct, and maintain the
recommended dike along the Bartlett
Branch; and

10. That the Commission of the Town of
Mt. Pleasant Stormwater Drainage District
No. 1 design and construct the replace
ment bridge at Chicory Road over the Soren
son Creek.

Town of Pleasant Prairie: It is recommended that
the Town of Pleasant Prairie, through its various
committees, commissions, boards, and the Town
Board, act to implement the recommended water
shed plan in the following manner:

1. That the Town Board adopt the recom
mended Pike River watershed plan after
a report and recommendation by the Town
Plan Commission, Town Park Commission,
and Town Sewer Utility District D as a guide
to land use, park and open space, floodland
management, and water quality management
in the Pike River watershed;

2. That the Town Plan Commission and Town
Board assist Kenosha County in the review
and revision of the Kenosha County Zoning
Ordinance to reflect the recommendations
set forth in the land use, floodland manage
ment, and water quality management ele
ments of the Pike River watershed plan; and

3. That the Town Board carry out the respon
sibilities as the designated management
agency for diffuse source pollution control.

Town of Somers: It is recommended that the
Town of Somers, through its various committees,
commissions, boards, and the Town Board, act to
implement the recommended watershed plan in the
following manner:

1. That the Town Board adopt the recom
mended Pike River watershed plan after
a report and recommendation by the Town
Plan Commission, Town Utility District
No.1, and Town Sanitary District No. 1 as
a guide to the land use, park and open space,
floodland management, and water quality
management in the Pike River watershed;

2. That the Town Plan Commission and Town
Board assist Kenosha County in the review
and revision of the Kenosha County Zoning
Ordinance to reflect the recommendations
set forth in the land use, floodland manage
ment, and water quality management ele
ments of the Pike River watershed plan;

3. That the Town Plan Commission and Town
Board review the town building code to
ensure that appropriate regulations are
included dealing with structure floodproof
ing, and provide professional engineering
assistance to landowners affected by the
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structure floodproofing recommendations of
the plan;

4. That the Town Board abandon the Somers
sewage treatment plant, connecting the
existing sanitary sewerage system to the City
of Kenosha system;

5. That the Town Board carry out responsibili
ties as the designated management agency
for nonpoint source water pollution control;

6. That the Town Board take the lead in spon
soring the necessary preliminary engineering
studies of the system of dikes proposed to
protect floodprone lands along the Lower
Pike River, cooperating with the agricultural
landowners and the Kenosha Country Club
in conducting the studies and in forming
a new drainage district;

7. That the Town Park Commission acquire
and develop as necessary over time the
recommended system of local or neighbor
hood parks in the watershed;

8. That the Commission of the Town of
Somers Utility District No. 1 adopt the
recommended Pike River watershed plan
as a guide to land use and sewerage facility
development in the watershed;

9. That the Commission of the Town of
Somers Sanitary District No. 1 adopt the
recommended Pike River watershed plan
as a guide to land use and sewerage facility
development; and

10. That the Town Board create a new sanitary
district to design, construct, and maintain the
recommended channel improvements, includ
ing bridge replacement, along the Pike Creek.

State Level
The state level agencies involved in implementation
of the Pike River watershed plan consist of the
Wisconsin Departments of Natural Resources,
Transportation, and Agriculture, Trade, and Con
sumer Protection. The specific recommended
actions for each of these state agencies are as
follows:

Wisconsin Department of Natural Resources: It
is recommended that the Wisconsin Department of
Natural ResourcEl.S:
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1. Endorse the comprehensive Pike River water
shed plan as an amendment to the previously
endorsed areawide water quality manage
ment plan for the Southeastern Wisconsin
Region and certify the plan as such through
the Governor to the U. S. Environmental
Protection Agency.

2. Direct the staff of the Wisconsin Department
of Natural Resources to integrate the water
shed plan recommendations into its broad
range of agency responsibilities and to assist
in coordinating plan implementation over
the next two decades. In particular, those
department decisions to be made with
respect to the extension of locally proposed
sanitary sewers, wetland regulation, and the
regulation of industrial waste discharges
should be made in a manner fully consistent
with the recommended plan.

3. Cooperate with the Southeastern Wisconsin
Regional Planning Commission and the local
units of government in the watershed in
designing and carrying out a continuing
water quality monitoring program.

Wisconsin Department of Transportation: It is rec
ommended that the Wisconsin Department of
Transportation:

1. Endorse the recommended Pike River water
shed plan.

2. Continue to cooperate in the stream gaging
program by financially supporting a partial
record peak-flow gage on the Pike Creek at
STH 142.

3. Construct new and replace existing bridges
over the Pike River stream channel system in
accordance with the recommended water
control facility objectives and standards as
the highway system under its jurisdiction is
maintained and reconstructed over time.

Wisconsin Department of Agriculture, Trade, and
Consumer Protection: It is recommended that the
Wisconsin Department of Agriculture, Trade, and
Consumer Protection:

1. Endorse the Pike River watershed plan.

2. Refer the plan to the Land Conservation
Board and direct that Board to utilize the



plan recommendations, as appropriate, in its
various responsibilities governing farmland
preservation and soil and water conservation.

Federal Level
The federal agencies involved or potentially
involved in implementation of the Pike River
watershed plan consist of the U. S. Environmental
Protection Agency; the U. S. Geological Survey;
the U. S. Department of Agriculture, Agricultural
Stabilization and Conservation Service; the U. S.
Soil Conservation Service; the Federal Emergency
Management Agency; and the U. S. Army Corps of
Engineers. The specific recommended actions for
each of these federal agencies are as follows:

U. S. Environmental Protection Agency: It is
recommended that the U. S. Environmental Pro
tection Agency formally accept and endorse the
Pike River watershed plan as an amendment to the
regional water quality management plan upon
certification as such by the Governor of the
State of Wisconsin.

U. S. Geological Survey: It is recommended that
the U. S. Geological Survey endorse the Pike
River watershed plan and continue to work with
the Regional Planning Commission and state and
local units of government in conducting the coop
erative stream gaging program in the watershed.

U. S. Department of Agriculture, Agricultural
Stabilization and Conservation Service: It is rec-

ommended that the U. S. Department of Agricul
ture, Agricultural Stabilization and Conservation
Service formally acknowledge the Pike River water
shed plan and utilize the plan recommendations in
the administration of the federal agricultural and
conservation program.

U. S. Soil Conservation Service: It is recommended
that the U. S. Soil Conservation Service formally
acknowledge the Pike River watershed plan and
utilize the plan recommendations in· the adminis
tration of its various technical assistance programs
relating to soil and water conservation.

Federal Emergency Management Agency: It is
recommended that the Federal Emergency Man
agement Agency formally acknowledge the Pike
River watershed plan and use the floodland data
contained in the plan as a basis for reviewing and
updating federal flood insurance studies.

U. S. Army Corps of Engineers: It is recommended
that the U. S. Army Corps of Engineers formally
acknowledge the Pike River watershed plan; coop
erate upon request with any local or state units and
agencies of government for assistance in the review,
design, and construction phases of the floodland
management element of the recommended plan;
and use the land use and environmental corri
dor elements of the plan in carrying out its regu
latory program relative to the placement of fill
in wetlands.
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Chapter XVI

SUMMARY AND CONCLUSIONS

This report presents the major findings and recom
mendations of the Southeastern Wisconsin Regional
Planning Commission Pike River watershed plan
ning program. The report sets forth the basic con
cepts underlying the study and the factual findings
of the extensive inventories conducted under the
study. It identifies and, to the extent possible,
quantifies the existing water-related developmental
and environmental problems of the watershed, and
sets forth forecasts of future economic activity,
population growth, and land use and concomitant
probable future water-related developmental and
environmental problems. The report presents alter
native plan elements relating to floodland manage
ment, water pollution abatement, and land use,
and sets forth a recommended plan for the devel
opment of the watershed and the resolution of
its existing flood damage and water pollution
problems based upon regional and watershed
development objectives adopted by the water
shed committee, and for avoiding the creation
of future flood damage and water pollution prob
lems. In addition, it contains financial analyses
related to, and specific recommendations for,
plan implementation.

STUDY ORGANIZATION AND PURPOSE

The Pike River watershed study, which resulted in
the preparation of this report, is the sixth compre
hensive watershed planning program to be under
taken by the Southeastern Wisconsin Regional
Planning Commission. This watershed study was
undertaken within the statutory authority of the
Commission and upon the specific request of the
Counties of Kenosha and Racine. Funding for the
study was provided by Kenosha and Racine Coun
ties. The study was guided from its inception by
the Pike River Watershed Committee, an advi
sory committee to the Commission composed of
24 local, state, and federal public officials, techni
cians, and concerned citizen leaders from through
out the watershed. The technical work was carried
out by the Commission staff with the assistance of
cooperating governmental agencies, including the
U. S. Geological Survey; the U. S. Department of
Agriculture, Soil Conservation Service; the Wiscon
sin Department of Natural Resources; and private

consultants engaged by the Commission, including
Hydrocomp, Inc., specialists in hydrologic simula
tion modeling, and Alster-Ayres & Associates, Inc.,
photogrammetric and control survey engineers. The
disciplines provided by the cooperating govern
mental agencies and private consultants included
groundwater and surface water hydrology and
hydraulics, environmental protection and natural
resource conservation, mathematical simulation
madeling, and control survey and photogram
metric engineering.

The study was founded upon the recognition by
concerned public officials that such water-related
resource problems as flooding and water pollution
are directly and inextricably interrelated, not only
with each other, but also with problems of area
wide urbanization which transcend local govern
mental boundaries and that solutions to SUch
areawide problems must be sought on a water
shed basis. Therefore, the primary purpose of
the Pike River watershed planning program is to
help abate the serious water resource and water
resource-related problems of the Pike River basin
by developing a workable plan to guide the staged
development of multipurpose water resource facili
ties and related resource conservation and manage
ment programs for the watershed. More specifically,
the objectives of the planning program are to:

• Prepare a plan for the management of the
floodlands along the major waterways of the
Pike River watershed, including measures for
the mitigation of existing flood problems
and measures for the minimization of future
flood problems.

• Prepare a plan for surface water quality man
agement within the Pike River watershed,
incorporating measures to abate existing pol
lution problems and measures intended to
prevent future pollution problems.

• Refine and adjust the regional land use
and park and open space plans within the
watershed to help promote a more rational
adjustment of land uses to the surface water
resources of the watershed.
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The problems to be addressed in the watershed
study were articulated by the Watershed Com
mittee in the prospectus for the study published
on April 1 , 1979.1 An initial public hearing on the
need for, and proposed scope and content of, the
study held on February 7, 1980, reinforced the
findings of the Watershed Committee that flooding
and pollution were the two problems of greatest
concern to residents of the watershed. To beeffec
tive in abating problems of flooding, water pollu
tion, and improper and changing land use within
the watershed, the watershed plan was developed
to be amenable to cooperative adoption and joint
implementation by all levels and agencies' of gov
ernment concerned.

This report can only summarize briefly the large
volume of information assembled in the extensive
data collection, analysis, and forecasting phases
of the Pike River watershed study. However, all of
the basic data are on file in the Commission offices
and are available to member units and agencies of
government and to the general public upon specific
request. This report, therefore, serves the additional
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 development within
the Region.

INVENTORY, ANALYSIS,
AND FORECAST FINDINGS

Geography
The Pike River watershed is a surface water drain
age unit approximately 52 square miles in areal
extent, lying in both Kenosha and Racine Coun
ties. The Pike River from its source in Section 10,
Township 3 North, Range 22 East, in the Town of
Mt. Pleasant flows southerly to Petrifying Springs
County Park in the Town of Somers, Kenosha
County, while being joined by several perennial
and intermittent tributaries. In Petrifying Springs
County Park, the river is joined by a major tribu
tary ,Pike Creek. The river then flows generally
easterly' to within approximately one mile of the
Lake1\1ichigan shoreline where it is joined from the
north by Sorenson Creek. The river then flows
southerly about four miles until it discharges to
Lake Michigan approximately one mile north of
the City of Kenosha harbor.

1 See Pike River Watershed Planning Program Pros
pectus, SEWRPC, April 1979.
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"illjl'ne boundaries of the watershed and its salient
hydrographic and cultural features are shown on
Map!3, page 20, of this report. The watershed
lies in two counties-Kenosha and Racine-three
towns-Mt. Pleasant, Somers, and Pleasant Prairie
two cities-Kenosha and Racine-and two villages
Elmwood Park and Sturtevant. The area of each
civil' division within the watershed, the percent of
the watershed area within each civil division, and
the percent of each civil division area within the
watershed is shown in Table 1, page 21,of·this
report. The population in the watershed by civil
division is shown in Table 3, page 25. These local
units of government have the basic responsibility
for land use control and land cover management
within the watershed and for the provision of basic
community services. The seven communities located
wholly or partly in the watershed are responsible
for the provision of sanitary trunk sewer service,
sewage treatment, and water pollution control
within the entire Pike River watershed. These com
munities are joined by three drainage districts
located wholly or partly in the watershed with
responsibility for drainage and flood control, as
well as by three sanitary or utility districts having
reponsibility for sewerage facilities. The Kenosha
County Park Commission and the Racine County
Highway and Parks Committee are responsible for
providing park and related open space lands within
the watershed. Certain state and federal government
agencies, including, importantly, the Wisconsin
Department of Natural Resources and the U. S.
Environmental Protection Agency, also have impor
tant responsibilities for water resource conserva
tion and management within the watershed.

Population and Economic Activity
The 1975 population of the watershed was esti
mated at about 29,000 persons, or about 2 per
cent of the population of the Region. The resident
population of the watershed is expected to increase
to about 56,000 persons by the year 2000, an
increase of about 27,000 persons, or 93 percent. 2

Employment in the watershed is expected to
increase during the next two decades at a rate
greater than that of the Region as a whole, reflect
ing a continued decentralization of, economic
activity from the established urban areas of ,the
Region to suburban and rural locations. Employ
ment within the watershed in 1970 totaled about
8,30()' Jobs, and is expected to increase to about

2 }, }}" .•
The 1980 population of the watershed is esti-

mated at 33,400.



25,200 jobs by the year 2000, an increase of about
16,900 jobs, or about 204 percent, over the
30-year period. This large anticipated job increase
is primarily related to the location in the Pike
River watershed of the two major regional indus
trial land use centers called for in the adopted
regional land use plan to serve the metropolitan
Racine and Kenosha areas.

Land Use
As shown on Map 7, page 32, of this report, the
Pike River watershed is still predominantly rural
with over 37 square miles, or 72 percent, of the
total watershed area being in rural land use. Agri
culture is the predominant land use in the water
shed, occupying over 32 square miles, or about
63 percent, of the total watershed area. In 1975
urban land uses within the watershed occupied
about 14 square miles, or 28 percent of the total
area of the watershed. The dominant urban land
use categories in the basin are residential and trans
portation-communication-utility facilities which
encompass, respectively, 12 and 9 percent of the
total watershed area; and 44 and 34 percent, respec
tively, of the urban area of the watershed.

Public Utility Service and Transportation Facilities
The pubhc utility base of the waterShed is well
developed. Electric power is supplied throughout
the watershed by the Wisconsin Electric Power
Company and natural gas service is supplied by the
Wisconsin Natural Gas Company. Sanitary sewer
age service is supplied by eight sanitary sewerage
entities which serve about 84 percent of the total
resident population of the watershed. Public water
supply, utilizing Lake Michigan as a source, is also
available throughout the watershed through four
public water supply entities.

The Pike River watershed is served by a well
developed surface transportation system consist
ing of a particularly good network of all-weather
streets and highways, and urban mass transit ser
vice. The watershed is traversed by a network of
railway lines which provide freight service; one line
also provides scheduled Amtrak passenger service
between Milwaukee and Chicago. The Kenosha
Municipal Airport, lying almost entirely within the
Pike River watershed, is the only airport located in
the basin.

Climate
The Pike River watershed has a climate character
ized by a progression of markedly different seasons
because of its midcontinental location, far removed
from the moderating effect of the oceans. An essen-

tially continuous pattern of distinct weather
changes occurring at about three~ay intervals is
superimposed on the seasonal pattern. Air tempera
tures in the watershed range from a daily average
of about 220 F in January to 720 F in July, while
the extremes range from a low of about -250 F to
a high of approximately 1050 F.

The average annual precipitation within the water
shed is 32.4 inches, and the average total monthly
precipitation ranges from a low of 1.27 inches in
February to a high of 3.89 inches in June. The
watershed receives, on the average, 46.3 inches of
snow and sleet per year, which, when converted
to its water equivalent, constitutes 14 percent of
the total annual precipitation. The average annual
snowfall ranges from a low of five inches to a high
of approximately 109 inches. As a result of its
proximity to Lake Michigan, the eastern part of
the watershed experiences an average of about five
inches more seasonal snow and sleet accumulation
than does the western part of the watershed.

Prevailing winds follow a clockwise pattern over
the seasons of the year, being generally north
westerly in the late fall and in winter, northeasterly
in the spring, and southwesterly in the summer and
early fall. Daylight hours in the basin range from
a minimum of about nine hours on or about
December 22, to a maximum of about 15 hours on
or about June 21. During the summer months,
about one-third of the days may be expected to be
categorized as clear, one-third as partly cloudy, and
one-third as cloudy. Greater sky cover occurs in
the winter, when more than one-half of the days
are classified as cloudy, with the remainder being
approximately equally divided between partly
cloudy and clear.

Physiography and Geology
The Pike River watershed is an irregularly shaped
drainage basin with its major axis lying in an
approximately north-south direction. The water
shed has a total area of approximately 52 square
miles, with a length-measured from the northern to
the southern extremities of the basin-of approxi
mately 13.3 miles and a maximum width of about
5.6 miles. The Pike River watershed is bounded on
the north by the Root River watershed, on the west
by the Des Plaines River watershed, and on the
south by lands that drain directly to Lake Michigan.

The Pike River begins its 18.39-mile route to Lake
Michigan from its origin near the intersection of
Airline Road and CTH C in the northwest one
quarter of Section 10, Township 3 North, Range
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22 East, in the Town of Mt. Pleasant. From its
source, the river flows in a generally easterly direc
tion for about one mile before turning south and
flowing to Petrifying Springs Park in the Town of
Somers in Kenosha County. From there, the river
flows in a generally easterly direction to approxi
mately one mile from the Lake Michigan shoreline,
where it turns south and flows to its confluence
with Lake Michigan. The Pike River acts as an
estuary of Lake Michigan from its mouth to the
lagoon located on the Carthage College Campus,
a distance of about 1.4 miles. Pike Creek, the
largest tributary to the Pike River, begins its
5.28-mile route to the Pike River from its point of
origin near the intersection of the Chicago & North
Western Railway and STH 158 in the northwest
one-quarter of Section 33, Township 2 North,
Range 22 East, in the Town of Somers. From there
it flows in a north-northeasterly direction to its
confluence with the Pike River in Petrifying Springs
Park. Several other streams are tributary to the
Pike River or Pike Creek, including Bartlett Branch,
Waxdale Creek, Chicory Creek, Lamparek Ditch,
Sorenson Creek, Nelson Creek, Somers Branch, and
Airport Branch. The stream system selected for
detailed analysis and study totals 42.09 miles and
is shown on Map 26, page 124.

Watershed topography and physiographic features
have been largely determined by the underlying
bedrock and overlying glacial deposits. The Niagara
Cuesta, on which the watershed lies, is a gently
eastward sloping bedrock surface. Glacial deposits
overlying the bedrock formations from the surface
topography of the watershed consist primarily of
gently sloping ground moraine-heterogeneous
material deposited by the glacial ice. Surface
elevations within the watershed range from a high
of approximately 780 feet above National Geo
detic Vertical Datum (Mean Sea Level Datum) at
the border of the watershed west of the Village
of Sturtevant to approximately 590 feet above
National Geodetic Vertical Datum at the mouth,
a maximum relief of 190 feet.

Wildlife and Wildlife Habitat
As a result of urban and agricultural activity and
the associated decrease in woodlands, wetlands,
and other natural areas, wildlife habitat has sharply
decreased in the Pike River watershed. About
1,360 acres of significant wildlife habitat remain
within the watershed, of which about 73 percent is
rated as having a relatively low-value category. The
remaining wildlife resources are particularly impor
tant to the Pike River watershed because of. their
recreational, educational, and aesthetic values; and
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because of the element of naturalness and diversity
that they impart to both the urban and rural envi
ronments of the watershed.

Existing and Potential Park, Outdoor
Recreation, and Related Open Space Sites
A total of 35 existing park, outdoor recreation,
and related open space sites lie within the water
shed, encompassing a combined area of 1,918
acres, or about 6 percent of the total area of the
watershed. A watershedwide inventory indicated
that eight potential recreation and related open
space sites exist in the Pike River watershed. Four
of these sites, covering about 243 acres, are located
in the Town of Mt. Pleasant in Racine County, The
remaining four sites, covering about 610 acres, are
located in the Town of Somers in Kenosha County.

Environmental Corridors
The delineation of natural resource and natural
resource-related elements produces an essentially
lineal pattern of narrow, elongated areas which
have been termed "environmental corridors" by
the Commission. As of 1975, primary environ
mental corridors in the watershed occupied 1,189
acres, or 3 percent of the watershed area. By way
of contrast, primary environmental corridors total
about 20 percent of the entire seven-county South
eastern Wisconsin Region. Secondary environmental
corridors occupied 596 acres, or about 2 percent
of the watershed. Isolated natural features, other
smaller pockets of concentrations of natural
resource base elements, occupy about 654 acres,
or 2 percent of the watershed area. The continued
preservation of these corridors in park and related
open space uses is essential to maintaining the over
all quality of the environment in the watershed.

Water Law
With the passage of the Federal Water Pollution
Control Act Amendments of 1972, the U. S. Con
gress set in motion a series of actions which will
have many ramifications for water quality manage
ment within the Pike River watershed. Water use
objectives and supporting water quality standards
now are required for all navigable waters in the
United States, and it is a national goal to eliminate
the discharge of pollutants into the navigable
waters by 1985. To meet this goal, the Act requires
the enactment of specific effluent limitations for
all point sources of water pollution to be enforced
through a pollutant discharge permit system.

Responsibility for water quality management in
Wisconsini.s <centered in the Wisconsin Department
of Natural Resources. The Department is given



authority to prepare long-range water resources
plans, to establish water use objectives and sup
porting water quality standards applicable to all
waters of the State, to establish a pollutant dis
charge permit system, and to issue pollution abate
ment orders.

Surface Water Hydrology and Hydraulics
Quantitative knowledge of the complex hydrologic
cycle as it affects the watershed is necessary to
assess the availability of surface water and ground
water for various uses and to improve the water
resources management potential. 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 about
32 inches annually. Surface water runoff and
evapotranspiration losses constitute the primary
outflow from the basin. The average annual runoff
approximates 13 inches, and the annual evapo
transpiration loss totals about 12 inches.

The streamflow and flood stage records available
for the Pike River system reveal that two flooding
seasons exist. The period February through April is
a high runoff period because of the effects of snow
accumulation and frozen ground in February and
March, and the effects of snowmelt or rainfall on
near-saturated soils in March and April when the
drying effects of transpiration are still minimal and
when air and surface temperatures still inhibit
evaporation. The other period in June experiences
frequent severe thunderstorms occurring before the
peak period of summer evapotranspiration and
heavy foliation.

The Pike River watershed is comprised of three
subwatersheds, as shown on Map 30, page 139.
These subwatersheds are: 1) the Lower Pike River
subwatershed which encompasses 15.00 square
miles, or 29.1 percent of the total watershed area;
2) the Upper Pike River subwatershed which
encompasses 17.34 square miles, or 33.6 percent
of the total watershed area; and 3) the Pike Creek
subwatershed which encompasses 19.20 square
miles, or 37.3 percent of the total watershed area.
The streams studied in the Lower Pike River
subwatershed included the Pike River, Sorenson
Creek, Nelson Creek, and Kenosha Branch; in the
Upper Pike River subwatershed, the Pike River,
Bartlett Branch, Waxdale Creek, Tributary to
Waxdale Creek, Chicory Creek, and Lamparek
Ditch; and in the Pike Creek subwatershed, the
Pike Creek, Somers Branch, Airport Branch, and
Tributary to Airport Branch.

Hydrologic-hydraulic information, including land
use, channel slope, hydraulic structure, and channel
modification data, was inventoried and analyzed for
each of the subwatersheds of the basin. Approxi
mately 42 lineal miles of streams within the water
shed were selected for development of detailed
flood hazard information, including discharge
frequency relationships, flood stage profiles, and
mapped areas of inundation for selected flood
recurrence intervals. Detailed data were obtained
for 71 hydraulically significant bridges, culverts,
and sills-out of a total of 115 such structures on
the stream system studied-and 700 floodland
cross-sections were prepared for that portion of the
stream system modeled under the Pike River water
shed study.

Of the approximately 42 lineal mile stream system
studied, about 17 miles, or 41 percent, have .been
significantly modified through man-made channel
improvements, as shown on Map 28, page 132, of
this report. The modified stream reaches lie largely
along the Pike Creek, the Upper Pike River, Bart
lett Branch, Chicory Creek, Lamparek Ditch, and
Sorenson Creek.

Water Resources Simulation Model
A quantitative analysis of watershed surface water
hydrology, hydraulics, and water quality under
existing and alternative future conditions is a fun
damental requirement of any comprehensive water
shed planning effort. Hydrologic-hydraulic-water
quality-flood economics simulation, accomplished
with a set of interrelated digital computer pro
grams, is an effective way to conduct this quanti
tative analysis. The Water Resource Simulation
Model developed primarily from existing com
puter programs for use in the Pike River water
shed planning program consists of the following
five submodels: the hydrologic submodel, hydrau
lic submodel No.1, hydraulic submodel No.2,
the water quality submodel, and the flood eco
nomics submodel.

The principal function of the hydrologic submodel
is to determine the volume and temporal distribu
tion of runoff from the land to the stream system
using meteorological data and land data. Hydraulic
submodel No. 1 accepts as input the runoff from
the land surface for each hydrologic land segment
type in the watershed, as produced by the hydro
logic submodel, aggregates these data with point
source discharges and performs routing through the
stream system, thereby producing a continuous
series of discharge values at predetermined loca
tions along the surface water system of the water-
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shed. Hydraulic submodel No.2 computes flood
stages attendant to flood flows of specified recur
rence intervals as determined using hydraulic sub
model No. 1. This permits the ready preparation of
flood stage profiles to be used in the delineation of
flood hazard areas and as input to the flood econo
mics submodel. The flood economics submodel
performs two principal functions: the calculation
of average annual flood damages; and the calcula
tion of the cost of certain flood control measures,
such as floodproofing, elevation and removal of
structures, construction of earthen dikes and con
crete floodwalls, and major channelization works.
The water quality submodel simulates, at selected
locations on the surface water system, the time
varying concentrations, or levels, of water quality
indicators, including temperature, dissolved oxygen,
fecal coliform bacteria, phosphate-phosphorus,
total dissolved solids, carbonaceous biochemical
oxygen demand, ammonia-nitrogen, nitrate-nitro
gen, nitrite-nitrogen, and chloride.

Many of the algorithms incorporated into the
Water Resources Simulation Model are approxima
tions of complex natural phenomena; therefore, it
is necessary to calibrate the model. Calibration
consists of comparing simulated values, such as
flood discharges or flood stages, with observed
values of the same phenomena and, if a significant
difference exists, making adjustments in the model
so that it better simulates the actual conditions.
The hydrologic submodel and hydraulic submodels
Nos. 1 and 2 were calibrated by comparing the
simulated discharges and stages to measured dis
charges and stages at the stream flood and crest
stage gaging stations located on Pike Creek and the
Pike River, and by comparing simulation stages to
historic flood data available at several other loca
tions in the watershed. The water quality submodel
was calibrated using data obtained from the Com
mission extensive 1976 stream water quality moni
toring program.

Flood Characteristics, Damage and Risk
Flood damage in the Pike River watershed has been
largely a consequence of the failure to recognize
and account for the relationships which exist
between the use of land, both within and outside
the natural floodlands of the watershed, and the
flood flow behavior of the stream system of the
watershed. A distinction must be drawn in this
report between flood inundation problems-which
are among the most critical water resource prob
lems addressed in the watershed planning effort
and storm water drainage problems-which are
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beyond the scope of the Pike River watershed plan
ning program. Flood inundation problems are
defined as damaging inundation which occurs along
streams and watercourses as the direct result of
water moving out of, and away from, those streams
and watercourses and include both primary and
secondary flooding. The former is caused by the
flood waters directly entering structures resulting
in damage and hazards to public health and safety;
the latter consists of floodwaters entering and sur
charging sanitary sewers, thereby backing sewage
into basements and causing damage and hazards
to public health. In contrast, stormwater drainage
problems are defined as damaging inundation
which occurs when stormwater runoff en route to
streams and watercourses encounters inadequate
conveyance or storage facilities and, as a result,
causes localized ponding and surcharging of storm
and sanitary sewers.

Research of the available historic records indicated
the occurrence of 14 known major floods in the
Pike River watershed since 1960. These major
floods, each of which caused significant damage
to property as well as disruption of normal social
and economic activities in the watershed, were
the floods of March 30, 1960; March 29, 1962;
April 11, 1965; June 29, 1969; April 16, 1972;
July 14, 1972; September 13, 1972; April 21,
1973; February 21, 1974; March 5, 1976; July 2,
1978; July 21, 1978; August 19, 1978; and Sep
tember 13, 1978. The March 30, 1960, flood was
the largest flood in recent history, having a recur
rence interval ranging from about 40 years in the
upper reaches of the Pike River to about 60 years
at the mouth. The flood of June 29, 1969, was the
second most severe flood to occur on the Pike
River in recent history .

The principal types of damage experienced in the
Pike River watershed have been damage to crop
lands and damage to structures-private residences
and commercial buildings-and to their contents as
a result of overland and attendant secondary flood
ing. Bridges and culverts and sections of roadways
have also been damaged by the erosive action of
rapidly moving floodwaters so as to require exten
sive repair.

A costly type of disruption associated with major
flood events in the Pike River watershed has been
the interruption of business activities not only
during the flood events but also during the post
flood cleanup and repair period. In the public
sector, the routine operations of governmental



units usually are disrupted during flood events
as public officials attempt to provide immediate
relief to affected areas. Another form of disruption
directly attributable to major flood events is the
temporary closure of highways that have been
inundated at a relatively low place, or as a result
of damage to a river crossing. Although floodland
recreational areas and facilities, such as ballfields,
golf courses, and picnic grounds, typically incur
little physical damage as a result of flooding, use is
temporarily curtailed by inundation.

The stream reaches having potential for the heavi
est flood damages are shown on Map 93, along
with the estimated average annual flood damages
under both existing and probable future land use
conditions, as well as such damages for a flood
having a recurrence interval of about 100 years.
For the watershed as a whole, the average annual
flood damages under existing land use and channel
conditions are estimated to approximate $125,000.
Damages from a 100-year recurrence interval flood
over the entire watershed under existing land use
and channel conditions are estimated to approxi
mate $806,000. The reaches of heaviest flood
damage include the reach along Pike Creek between
CTH K and STH 50, where the average annual and
100-year recurrence interval flood damages under
existing land use and channel conditions are esti
mated to approximate $34,000 and $39,400,
respectively; the reach along the Pike Creek
between CTH Land STH 158, where the average
annual and 100-year recurrence interval flood
damages are estimated to approximate $29,500
and $160,000, respectively; and the reach along
the Pike River from CTH A and extending down
stream from the Chicago & North Western Railway
about one-quarter mile, where the average annual
and 100-year recurrence interval flood damages are
estimated to approximate $12,800 and $25,000,
respectively. On an average annual basis over the
entire watershed, these damages could be expected
to almost double under planned land use and exist
ing channel conditions.

For the watershed as a whole under existing land
use and channel conditions, a total of 81 existing
structures~omprised of 71 residential structures
and 10 nonresidential structures-would be subject
to flood damages under a 100-year recurrence
interval flood event. Under planned year 2000
land use and existing conditions, the number of
existing structures which may be expected to be
affected by flooding would increase to 151~on
sisting of 137 residential structures and 14 non
residential structures.

There is a tendency to consider and evaluate the
damage and disruption normally accompanying
flooding without due regard to the risk to human
life and health that exists during every major flood
event. Public officials and interested citizens
should be aware of this danger as one factor to be
weighed in making decisions that are directly or
indirectly related to riverine areas. The historic
record for the Pike River watershed contains
accounts of two incidents in which a total of three
people were drowned during flood events.

While the threat of flooding to human life can be
readily illustrated by reference to historic accounts
of flood-related rescues and deaths, the threat to
health is not so apparent. Nevertheless, it does
exist. Floodwaters can be the medium for trans
porting potentially harmful substances, such as
toxic materials from industrial operations· and
pathogenic-that is, disease-producing-organisms
from sanitary and combined sewers, septic tanks,
and animal waste storage areas into residences and
other structures where there is the possibility of
contact with, and harm to, the residents.

In addition to potential physiological harm, the
occurrence of floods, as well as the ever-present
threat of flooding, can adversely affect the psy
chological health and well being of riverine area
residents. Owners or tenants of flood prone struc
tures and properties are burdened with the need to
be in a constant state of readiness, particularly in
the urbanized areas of the watershed where major
floods can occur almost any time of the year and
with little warning. These owners or tenants occa
sionally must contend with the unpleasant task of
cleaning contaminated, flood-borne sediment and
debris from their homes and places of business.
Finally, even after the flood has passed and the
cleanup and repairs have been completed, lingering
odors and other evidence of the recent inundation
will impose an additional psychological stress on
the occupants of riverine area property.

Surface Water Quality and Pollution
The term "water quality" encompasses the phy
sical, chemical, and biological characteristics of the
water. Water is deemed to be polluted when foreign
substances caused by or related to human activity
are in such a form and concentration so as to render
the water unsuitable for a desired beneficial use.

An assessment of a variety of data sources dating
back to 1955 indicated that the water quality of
the Pike River watershed ranged from generally
poor from 1955 to 1964, to generally fair from
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Map 93
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The stream reaches in the Pike River watershed having
the heaviest flood damage potential are shown above,
along with the estimated average annual flood damages
under both existing and probable future land use con
ditions. as well as such damages for a flood having
a recurrence interval of about 100 years. For the water
shed as a whole, the average annual flood damages under
existing land use and channel conditions are estimated
at $125,000. Damages from a 100-year recurrence inter
val flood over the entire watershed under existing land
use and channel conditions are estimated at $806,000.
On an average annual basis over the entire watershed.
these damages could be expected to almost double
under planned land use and existing channel conditions.



1965 to 1975. However, many forms of pollution
toxic, organic, nutrient, pathogenic, sediment, and
aesthetic-are known to exist in the watershed. The
available studies indicate that the highest concen
trations of pollution and the worst stream water
quality conditions are more likely to occur during
periods of wet weather-that is, on days when 0.1
inch or more of precipitation occurs-and high
streamflows than during periods of dry weather
and low streamflows. This may be attributed to
the accumulation of pollutants on the surface of
the watershed between runoff events and the
subsequent transport of those pollutants to the
stream system during runoff.

The most serious type of pollution present in the
watershed is pathogenic, as evidenced by the wide
spread occurrence of high fecal coliform counts.
Other less extensive pollution problems include
the presence of toxic and hazardous materials,
depressed dissolved oxygen levels and excessive
nutrient concentrations, particularly phosphorus,
under wet weather conditions.

Pollutant loading analyses conducted under the
Commission's areawide water quality management
planning program, and confirmed under the water
shed study, indicate that nonpoint sources of
pollution-both rural and urban-together account
for the majority of pollutants that are transported
to the surface water system. Commission inven
tories indicated that an estimated 96 percent of
the nitrogen, 93 percent of the phosphorus, 95 per
cent of biochemical oxygen demand, 46 percent
of the fecal coliform, and virtually all of the sus
pended solids are contributed to the surface water
system of the watershed annually by these non
point sources of water pollution. These pollutant
loadings will occur during wet weather conditions
when surface water runoff acts to transport pollu
tants to the stream system of the watershed.

Point source pollution also exists in the Pike River
watershed. The sources of pollution identified as
point sources consist of one municipal sewage
treatment plant, five municipal sanitary sewerage
system flow-relief devices, and eight industrial
wastewater discharge outfalls.

About 40 percent of the urban area, and 11 per
cent of the total area of the Pike River watershed is
provided with engineered urban stormwater drain
age facilities. Therefore, much of the runoff from
urban areas, which is grossly polluted, enters the
surface water system directly through storm sewer
outfalls located along the major stream system

with the remammg direct runoff entering the
surface water system through open stormwater
channels or as sheet flow-that is, overland flow
not occurring in well-defined channels. Runoff
from rural areas enters the surface water system
through open stormwater channels, agricultural
drainage systems, or as sheet flow. As already
noted, water quality surveys indicate that high
concentrations of pollutants, such as biochemical
oxygen demand, nitrogen, phosphorus, and fecal
coliform bacteria, are most likely to occur during
wet weather conditions-that is the conditions in
which the surface water runoff from urban and
rural lands provides the dominant flow and pollu
tant loading to the river system.

The limited data available also indicate that exces
sive concentrations of toxic and hazardous sub
stances, including mercury, DDT, DDE, hep~chlor
epoxide, and dieldrin, may exist in the surface
water system of the Pike River watershed.

The quality of the surface waters in the Pike River
watershed does not satisfy the standards in the
support of the adopted water use objectives.
Improvement of surface water quality in the Pike
River watershed so as to achieve the water use
objectives will require a watershedwide water
quality management effort aimed at abatement of
both point and nonpoint sources of pollution.

WATERSHED DEVELOPMENT OBJECTIVES

The primary objective of the Pike River watershed
planning program is to assist the local, state, and
federal units and agencies of government in abating
the serious water and water resource-related prob
lems existing within the Pike River basin by
developing a workable plan to guide the staged
development of multipurpose water resource
facilities and related resource conservation and
management programs for the watershed. The
principal problems to be addressed include flood
damage and water pollution, and changing land use
as it relates to these two problems.

Following determination of present and probable
future conditions within the watershed, a frame
work of watershed development objectives and
supporting principles and standards was established
to guide the design of the alternative floodland
management measures and the water quality man
agement plan for the watershed and to provide
a basis for evaluation of the relative merits of
these alternatives. This framework of water
shed development objectives and standards envi-
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sions a future watershed environment that is safe,
healthful, and attractive, as well as more orderly
and efficient.

With respect to water use objectives, the Wisconsin
Department of Natural Resources currently has
placed the waters of the Pike River stream system
into four different categories, as shown on Map 40,
page 287, of this report. The main stem of the
Pike River from the mouth at Lake Michigan
upstream to the Kenosha County line, Sorenson
Creek, Nelson Creek, Bartlett Branch, Chicory
Creek, Lamparek Ditch, and the School Tributary
have all been assigned the highest water use objec
tives, providing for the maintenance of a warm
water fishery and full recreational use. The Pike
River upstream from the Racine-Kenosha County
line and the Pike Creek upstream from the conflu
ence with the Somers Branch have been assigned
the most limited water use objective, providing
only for restricted recreational use and minimum
standards. Waxdale Creek from the confluence
with the Pike River upstream to the Chicago, Mil
waukee, St. Paul & Pacific railroad crossing, and
Pike Creek from the confluence with the Pike
River upstream to the confluence with the Somers
Branch, have been assigned water use objectives
providing for the maintenance of an intermediate
fishery and limited recreational use; while Wax
dale Creek upstream from the Chicago, Milwaukee,
St. Paul & Pacific railroad crossing and Somers
Branch have been assigned water use objectives
providing for the maintenance of marginal aquatic
life and limited recreational use. The standards
supporting these water use objectives are identified
in Table 71, page 288, of this report.

In conformance with the national water quality
objectives set forth in the Federal Water Pollution
Control Act, all of the surface waters of the Pike
River watershed were initially assigned water use
objectives and supporting standards that would
provide fully "fishable and swimmable" conditions.
This would mean that the waters would be suitable
for full body contact recreational use and would
support a healthy warmwater fishery and related
aquatic life. Given the recommendations contained
in the plan relating to flood control and the
improvement of the fishery of the watershed, how
ever, the recommended water use objectives for the
surface waters of the Pike River watershed-which
are set forth on Map 91, page 528, of this report
were scaled back from that initial idealized set. The
water quality objectives and supporting standards
providing for maintenance of a warmwater fishery
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and full recreational use were retained for the main
stem of the Pike River upstream to the confluence
with Pike Creek; for Pike Creek from the conflu
ence with the Pike River upstream to the conflu
ence with Somers Branch; Somers Branch from the
confluence with Pike Creek upstream to the Chi
cago & North Western Railway crossing; the School
Tributary from the. confluence with Pike Creek
upstream to the Chicago & North Western Railway
crossing; Sorenson Creek from the confluence with
the Pike River upstream to Lathrop Avenue; and
Nelson Creek from the confluence with Sorenson
Creek upstream to the Kenosha County line. All of
the remaining stream reaches in the watershed were
assigned water use objectives and supporting stan
dards providing for the maintenance of a limited
fishery and limited recreational use.

ALTERNATIVE PLANS

The comprehensive plan for the Pike River water
shed was prepared within the context of an existing
set of adopted regional plan elements, including
importantly, the adopted regional land use plan,
the adopted regional park and open space plan, and
the adopted regional water quality management
plan. Accordingly, the major focus of the water
shed study in terms of alternative plan preparation,
test, and evaluation was on the floodland manage
ment plan element. The land use and park and
open space element of the watershed plan con
stituted a refinement of the adopted regional land
use and park and open space plans. The water
quality management element of the watershed plan
similarly constituted a refinement of the adopted
regional water quality management plan, although
with some changes in the water use objectives.

In developing alternative floodland management
plans, both structural and nonstructural measures
were considered. Seven structural floodland
measures were identified for possible application
either individually or in various combinations to
specific flood-prone reaches of the watershed:·
1) structure floodproofing and elevation, 2) deten
tion storage, 3) diking, 4) diversion, 5) bridge or
culvert modification or replacement, 6) channeliza
tion, and 7) onsite storage. In addition, two alter
natives were identified with respect to floodland
management problems at the mouth of the Pike
River on Lake Michigan, namely, dredging and
jetty construction. The nonstructural measures
identified for possible inclusion in the floodland
management plan element were: 1) reservation of
floodlands for recreational and related open space



uses, 2) floodland regulation, 3) channel mainte
nance, 4) flood insurance, 5) lending institution
policies, 6) realtor policies, 7) community utility
policies, and 8) emergency flood warning programs.

The various alternative structural floodland man
agement plans prepared and evaluated under
the Pike River watershed study are identified in
Table 115. For analysis purposes, the Pike River
stream system was divided into 16 individual seg
ments. Including the 16 "no action" alternative
plans prepared-one for each of the segments
59 separate alternative floodland management
plans were prepared and evaluated. Each of these
59 alternatives was evaluated with the assistance of
the water resources simulation models described
above, assuming planned year 2000 land use con
ditions and the effect of such conditions on the
flood flow regimen of the stream system. The
alternative plans are described and evaluated in
Chapter XII of this report, including the calcula
tion of benefit-cost ratios.

RECOMMENDED WATERSHED PLAN

A comprehensive watershed plan was synthesized
from the previously proposed regional and sub
regional plan elements, as these elements were
refined and detailed in the watershed study, and
from the alternative floodland management and
fishery development plans prepared under the
watershed study . The comprehensive plan consists
of a land use and park and open space element,
a floodland management element, and a water
quality management element. The plan, which is
recommended for adoption as a guide for the
physical development of the Pike River watershed,
contains the following salient proposals.

Land Use and Park and Open Space Element
The recommended land use and park and open
space element for the watershed was derived from
the previously prepared and adopted regional
land use and park and open space plans, as'well as
a more detailed park and open space plan prepared
by the Commission for the City of Kenosha and
the Towns of Pleasant Prairie and Somers, and
more detailed farmland preservation plans prepared
by the Commission for Kenosha and Racine Coun
ties. This recommended plan element proposes the
following measures:

1. The guidance of future land use develop
ment in the watershed through locally exer
cised land use controls into a more orderly
and economic pattern. This land use pat-

tern is graphically summarized on Map 44,
page 348, of this report. By so guiding
future development, the intensification of
existing, and the creation of new, develop
mental and environmental problems would
be avoided. The primary environmental cor
ridors of the watershed, together with the
remaining undeveloped floodlands, would be
protected from incompatible urban develop
ment, thereby assuring continuing enjoyment
of the recreational, aesthetic, ecological, and
cultural values associated with the riverine
areas, while avoiding intensification of flood
damage and water pollution problems. In
addition, the plan would seek to preserve, to
the greatest extent possible, the prime agri
cultural lands in the watershed. The recom
mended plan would accommodate a planned
year 2000 population in the watershed of
about 56,300 persons, an increase of 32,100
persons over the 1970 level; and a planned
employment of about 25,200 jobs, an
increase of 16,900 jobs over the 1970 level.
To accommodate the increase in population
and employment, an additional 15.1 square
miles of land would be converted from rural
to urban use between 1975 and 2000, bring
ing the total urban land to 29.3 square miles,
or 57 percent of the total area of the water
shed. New urban development in the water
shed is proposed to occur primarily at
medium population densities, with gross
residential population densities ranging from
about 3,000 to about 8,000 persons per
square mile. The new urban development
would be located in areas served, or pro
posed to be served, by a full range of public
utilities and essential urban services, parti
cularly public sanitary sewer and water
supply services.

2. The eventual public acquisition through
purchase, dedication, or gift of the remain
ing primary environmental corridor lands in
the watershed. The primary environmental
corridors of the Pike River watershed total
about 1,189 acres located generally along
the Pike River from the mouth upstream to
and within Petrifying Springs County Park;
along Sorenson Creek from the confluence
with the Pike River upstream to the Kenosha
Racine County line; and along Pike Creek
from the confluence with the Pike River
upstream to CTH E. Of the total corridor
lands, 439 acres, or about 37 percent, are
already in public ownership and consist
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Table 115

ALTERNATIVE STRUCTURAL FLOODLAND MANAGEMENT PLANS
PREPARED AND EVALUATED UNDER THE PIKE RIVER WATERSHED STUDY

Individual Structural Measures

Bridge or
Pike River Structure Detention Culvert

Stream System No Floodproofing Storage Diversion Replacement or Jetty
Segment Action and Elevation Reservoir Diking Channel Modification Channelization Dredging Construction

Bartlett Branch X X
Waxdale Creek and

Tributary to Waxdale Creek X X
Ch ieary Creek. X X
Lamparek 0 itch. X
Somers Branch-

Downstream of CTH EA X
Somers Branch-

Upstream of CTH EA . X X X X
Airport Branch and

Tributary to Airport Branch X
Nelson Creek X X
Sorenson Creek-CTH KR to

Abandoned Chicago, North
Shore & Milwaukee Railroad. X X

Sorenson Creek-Chicory Road
to Pleasant Lane. X X X

Sorenson Creek-Taylor Avenue
to Meachem Road. X X

Kenosha Branch. X
Pike Creek. X X
Upper Pike River X
Lower Pike River. X X X X
Pike River Estuary X X X

Combination Structural Measures

Channelization,
Diking, Diking, Diking, Bridge or Structure Bridge or

Diking Channelization, Detention Structure Channelization Culvert Floodproofing Detention Culvert
and and Bridge Storage F loodproofing and Bridge Replacement and Storage Replacement

Structure or Culvert Reservoir, and or Culvert Channelization or Elevation Reservoir or
Pike River FJoodproofing Replacement and Elevation, Replacement and Modification and and Modification

Stream System and or Onsite and Onsite or Onsite and Onsite Onsite Onsite and Onsite
Segment Elevation Modification Storage Storage Modification Storage Storage Storage Storage Storage

Bartlett Branch ..... X X X X
Waxdale Creek and

Tributary to Waxdale Creek X
Chicory Creek ..
Lamparek Ditch ..
Somers Branch-

Downstream of CTH EA X
Somers Branch-

Upstream of CTH EA .. X X
Airport Branch and

Tributary to Airport Branch X X
Nelson Creek .......... X
Sorenson Creek-CTH KR to

Abandoned Chicago, North
Shore & Milwaukee Railroad. X

Sorenson Creek-Chicory Road
to Pleasant Lane . X X

Sorenson Creek-Taylor Avenue
to Meachem Road. X

Kenosha Branch ..
Pike Creek ..... X X X X
Upper Pike River. X X X X X
Lower Pike River. X X
Pike River Estuary

Source: SEWRPC.
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I.

largely of lands on the University of Wiscon
sin-Parkside Campus and in Petrifying Springs
County Park. An additional 138 acres, or
about 12 percent, consist of lands held in
compatible nonpublic open space and out
door recreational uses, including lands lying
on the grounds of the Kenosha Country
Club and the Hawthorne Hollow Nature
Preserve along the Pike Creek west of
STH 31. Accordingly, the plan recom
mends that the remaining 612 acres, or
51 percent of the total corridor lands, be
acquired for public use over time through
purchase, dedication, or gift as urbanization
in the watershed proceeds.

3. The development of a seven-mile recreation
trail along the main stem of the Pike River
from Petrifying Springs County Park to Lake
Michigan. This trail would be linked to an
existing five-mile Kenosha-Racine County
bike trail.

4. The continued prOVISIon of park and out
door recreational facilities throughout the
watershed, including the maintenance of
the Petrifying Springs County Park as the
largest, most significant park in the water
shed; the expansion of Sanders Park in the
Town of Mt. Pleasant through the acquisi
tion of 40 additional acres; the development
of additional facilities at Sam Poerio Park in
the City of Kenosha; and the acquisition and
development of 12 new local neighborhood
parks as the need for such parks becomes
evident over time.

Floodland Management Plan Element
The recommended floodland management plan
element for the Pike River watershed consists of
a carefully selected combination of structural and
nonstructur.al measures. As a matter of policy, the
Watershed Committee recommended that the
design of all structural flood control works be
based upon anticipated flood flows and stages
under land use development conditions as reflected
in the watershed land use plan. Furthermore, the
Committee recommended that, should any local
unit of government subsequently determine to
permit new urban development in those portions
of the watershed not recommended for urban
development in the watershed land use plan, as
a matter of policy such development should be
permitted only upon the condition that either
onsite stormwater detention be provided to assure

that runoff from the developed land not exceed
runoff under predevelopment conditions; or it be
shown that the development will not increase
downstream discharges and stages over those set
forth in the watershed plan.

In the development of the floodland management
plan, the Watershed Committee also considered
a policy approach to floodland management that
would attempt to use onsite storage to ensure that
runoff from developing areas, as recommended
in the land use plan, not exceed runoff under
predevelopment conditions. The Committee con
cluded that, while such a policy may in some site
specific situations have local stormwater drainage
and water quality benefits, the flood control
benefits would be marginal. In its analyses, the
Committee determined that, with the exception
of a few tributary streams having very small catch
ment areas, increases in flood stages attendant to
undetained flows from incremental urban develop
ment may be expected to be limited to less than
one foot, well within the limits of the normal
freeboard provisions used in the design of flood
control works. Accordingly, the Committee rec
ommended that such a policy be applied only on
a case-by-case, site-specific basis whereby indivi
dual benefit-cost analyses are undertaken to deter
mine whether or not it is fiscally sound to apply
the policy to obtain stormwater drainage and water
quality benefits.

While the basic floodland management plan ele
ment is nonstructural, consisting of the land use
development proposals contained in the land use
element of the watershed plan, a number of specific
structural measures are recommended for inclusion
in the Pike River watershed plan. These measures
are best understood by grouping them within the
three subwatersheds used in the planning process.
These three subwatersheds are shown on Map 30,
page 139, and consist of the Pike Creek, Upper
Pike River, and Lower Pike River subwatersheds.

Pike Creek Subwatershed: The following structural
flood control measures are recommended for the
streams in the Pike Creek subwatershed:

1. Channel cleaning and debrushing activities
along the 1.8-mile reach of the Pike Creek
extending from the confluence with the
Pike River in Petrifying Springs County Park
upstream to the confluence with Somers
Branch, as shown on Map 80, page 502.
Such cleaning and debrushing activities
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should be undertaken in a manner com
patible with preserving to the maximum
extent practicable the natural environment
along that reach of the Creek.

2. Major channel improvements, consisting of
channel widening and deepening, along Pike
Creek extending from the confluence with
Somers Branch upstream for about 5.7 miles
to a point just north of STH 50, as shown
on Map 80, page 502. The proposed channel
would be turf lined; would have bottom
widths ranging from five feet to 20 feet; and
would have side slopes of one on three. The
proposed improvements lie along reaches of
Pike Creek that have been previously chan
nelized and along which there exist no sig
nificant wetlands, woodlands, or wildlife
habitat areas. The proposed improvements
would be designed to carry within the new
channel all floods up to and including the
100-year recurrence interval flood. The pro
posed improvements would resolve existing
and potential agricultural and structural
flooding problems along Pike Creek. The
channel improvements would require the
replacement of nine existing bridges across
the Pike Creek: STH 142; STH 158; CTH E;
CTH K; the Chicago, Milwaukee, St. Paul &
Pacific railroad bridge downstream of
CTH K; the Town of Somers solid waste
transfer station bridge upstream of CTH L;
and three farm bridges upstream of STH 142.

3. The floodproofing of three structures and
the elevation of two additional structures
along the Somers Branch upstream of the
Chicago, Milwaukee, St. Paul & Pacific rail
road crossing as shown on Map 81, page 504.

4. Major channel improvements, including chan
nel widening and deepening, along both the
Airport Branch and the Tributary to Airport
Branch, including replacement of the Chi
cago, Milwaukee, St. Paul & Pacific railroad
crossing of the Airport Branch, as shown on
Map 82, page 505. This recommendation is
conditioned, however, on a finding in the
design phase of the proposed industrial park
along these branches between STH 31 and
the Kenosha Municipal Airport north of
STH 158 that the channel improvements are
desirable. It may be possible through good
industrial park design to develop the remain-

ing area along the Airport Branch and the
Tributary to the Airport Branch for indus
trial use without filling of the floodplain,
retaining the floodlands in open uses in
which case none of the structural flood con
trol measures would be required. The condi
tionally proposed channel improvements
would consist of new turf-lined channels,
with the existing drainageways being deep
ened by an average of about five feet, and
a maximum of about eight feet; with the
new channels having a bottom width ranging
from 10 feet to 15 feet, and with the new
channels having side slopes of one on three.
Should it be ultimately determined to be
desirable to undertake these channel
improvements to facilitate the expansion of
the industrial land use complex in this area,
the analyses made under the watershed plan
preparation indicate that such improvements
would not significantly change any of the
recommended downstream structural flood
control on Pike Creek. Conversely, however,
it would not be possible to undertake the
tentatively proposed channel improvements
on the Airport Branch and the Tributary to
the Airport Branch without first having
implemented the channelization recommen
dations on the Pike Creek downstream from
the confluence with the Airport Branch.

Upper Pike River Subwatershed: The following
structural flood control measures are recom
mended for the streams in the Upper Pike River
subwatershed:

1. Major channel improvements, consisting of
channel widening, deepening, and partial
realignment, along the Upper Pike River
extending from CTH C downstream to the
confluence with the Pike Creek in Petrifying
Springs County Park, a distance of about
6.9 miles, as shown on Map 84, page 510.
The proposed channel would be turf lined,
would be lowered by an average of about
four feet, and a maximum of about six feet;
would have bottom widths ranging from
10 feet to 20 feet; and would have side
slopes of one on three. With the exception
of the southernmost portion of the reach
proposed to be improved, these channel
improvements lie along reaches of the Pike
River that have been previously channelized
and along which there exist no significant



wetlands, woodlands, or wildlife habitat
areas. An environmental corridor does exist,
however, within the Petrifying Springs
County Park at the confluence of the Pike
River and Pike Creek and extends upstream
along the Pike River to STH 31. The recom
mended intrusion of channel improvements
into the primary environmental corridor is
unavoidable, however, if the flooding prob
lems along the Pike River from STH 31 to
the confluence with Lamparek Ditch are to
be abated. The proposed improvements
would be designed to carry within the new
channel all floods up to and including the
100-year recurrence interval flood, and
would resolve the existing and potential
agricultural and structural flooding problems
along the Upper Pike River. The channel
improvements would include the replace
ment or modification of 11 existing bridges
across the Upper Pike River: STH 11,
STH 20, STH 31, CTH KR, Oakes Road,
Spring Street, Braun Road, two private
bridges upstream of STH 20, a farm bridge
downstream of STH 11, and a farm bridge
downstream of the confluence with Lam
parek Ditch. In addition, the Chicago, Mil
waukee, St. Paul & Pacific railroad crossing
upstream of STH 11 would be removed
since the line has been abandoned.

2. The construction of a dike upstream of
Spring Street to protect existing residential
development from flooding along the Bart
lett Branch, as shown on Map 85, page 513.
The dike would have a total length of about
500 feet, an average height of about four
feet, and a maximum height of about six
feet. Water impounded behind the dike
from local drainage would be permitted to
be dissipated slowly through infiltration into
the groundwater reservoir.

3. The floodproofing of two structures and the
elevation of four additional structures along
the Bartlett Branch downstream of Spring
Street, as shown on Map 85, page 513.

Lower Pike River Subwatershed: The following
structural measures for flood control are recom
mended for streams in the Lower Pike River
subwatershed:

1. The floodproofing of the Carthage College
Field House and the former Valley Restau-

rant and Supper Club and the elevation of
a residence located just upstream of CTH G,
as shown on Map 86, page 516.

2. The possible construction of a system of low
level dikes through the Kenosha Country
Club grounds along the Pike River from
22nd Avenue downstream to the former
Chicago, North Shore & Milwaukee Railroad
right-of-way, as shown on Map 87, page 517.
The dikes would be designed to provide
protection from floods up to and including
the 10-year recurrence interval flood and
would abate the problems attendant to
flooding along the Pike River through the
Country Club. Such flooding can not only
disrupt normal use of the golf course, but
can also damage tees, greens, and traps, and
cause maintenance problems, includiJ:;lg the
deposition of debris over the course. Such
a system of dikes would average about four
feet in height, and could be either of con
ventional design, or be constructed in such
a manner as to extend back to where the
dike elevation intersects with the golf
course fairways to facilitate drainage. The
recommended system of dikes would not
have any adverse effects on regulatory flood
flows upstream or downstream of the
Country Club site and, if carefully designed,
need not entail any significant loss of flood
water storage during a 100-year recurrence
interval flood. The dikes would require care
ful, detailed design by a skilled landscape
architect, since the fairways for eight of the
holes of the Country Club golf course cross
the Pike River. Some tees or greens may
have to be elevated, or relocated, to permit
construction of the dike system. The bene
fits of such a system would be limited to
those perceived by the members of the
Kenosha Country Club, and, therefore, the
dikes would be constructed only if the
Club determined those perceived benefits
exceeded the costs.

3. The possible construction of a series of low
level dikes along the main stem of the Lower
Pike River, both upstream and downstream
of the Kenosha Country Club in order to
abate agricultural crop damages, as shown on
Map 88, page 519. The plan does not speci
fically recommend that these dike systems
be constructed because of a long-term com
mitment to convert the lands affected from
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rural to urban use. However, such a long
term commitment to urban land use devel
opment should not be construed to prohibit
farmers along these stream reaches from
individually or collectively undertaking the
construction of low level dikes to abate
agricultural flood damage problems so long
as the land continues to be farmed. Such
a system of dikes could be designed to
prevent flooding from up to and including
the 10-year recurrence interval flood. In the
long term, however, the plan envisions that
the entire 100-year recurrence interval flood
plain be maintained in essentially natural,
open uses as the lands adjacent to the Lower
Pike River become urbanized over the next
several decades. In some cases, the nature of
the floodplain is such that wetlands will be
reestablished along the stream system and
the primary environmental corridor along
the Lower Pike River will be consequently
enriched. Whether or not to construct the
low level dikes in the interim for agricultural
land protection would be a decision to be
made by the farmers involved either indivi
dually or collectively.

4. The replacement of the existing Chicory
Road crossing of Sorenson Creek with a new
clear span bridge having an opening of about
30 feet, as shown on Map 89, page 520. The
new bridge would eliminate the backwater
effects of the existing hydraulically inade
quate crossing and thereby resolve upstream
structure flooding problems.

5. The construction of two parallel jetties and
the periodic dredging of the channel bottom
between the jetties to maintain channel flow
capacity at the mouth of the Pike River on
the Lake Michigan shoreline, as shown in
Figure 64, page 518. These measures would
abate the flooding problems that are caused
by the formation of a sandbar across the
mouth of the Pike River.

Concluding Remarks-Floodland Plan Element: In
addition to the foregoing structural measures, the
floodland management element of the plan includes
recommended standards relative to bridge replace
ment to ensure that major streets and highways
remain operable during flood events. The plan also
includes several supplemental measures intended
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to mmllmze the monetary losses associated with
flooding, including participation in the Federal
Flood Insurance Program and continuation of desir
able lending institution and realtor policies con
cerning the sale of riverine properties. Maintenance
of a basic cooperative stream gaging program is
also recommended.

Finally, the plan recommends that each of the
units of government in the watershed carefully
review their floodland zoning regulations to ensure
that such regulations complement the recom
mended watershed land use plan element and are
coordinated with the structural flood control mea
sures recommended in the plan. In general, those
floodlands lying within the 100-year recurrence
interval flood hazard lines under year 2000 planned
land use conditions that are presently neither
developed for urban use nor committed to such
development by the recordation of land sub
division plats and the installation of municipal
improvements should be zoned so as to prohibit
incompatible future urban development. Those
existing urban land uses in the floodlands sched
uled to be floodproofed, elevated, or protected
through future structural flood control measures
should be placed in a flood hazard district until
implementation of the recommended flood control
measures, at which time the lands should be appro
priately rezoned.

Water Quality Management Plan Element
Drawing from the previously adopted regional
water quality management plan, the recommended
watershed plan proposes the abatement of. surface
water pollution problems within the Pike River
watershed through the following measures:

1. The abandonment of the single remaining
sewage treatment plant in the watershed
which is serving the Town of Somers Utility
District No. 1. Abandonment of this treat
ment plant and connection of its service area
to the Kenosha sanitary sewerage system
would be effected by an interim connection
using a combination gravity flow sewer and
pumping station and force main system, as
shown on Map 90, page 526.

2. The elimination of three of the five sewage
flow relief devices in the City of Kenosha
that permit the discharge of raw sewage



from the sanitary sewer system to the storm
sewer system and the Pike River. The remain
ing two flow relief devices would be main
tained to function as emergency overflow
outlets for pumping stations but only uti
lized in extreme emergencies when the
pumping station would be inoperable.

3. The elimination of the direct or indirect
discharge of industrial wastes to the Pike
River and its tributaries while allowing the
continued discharge of clear water, such as
spent cooling water, to the stormwater
drainage system.

4. The abatement of pollution from nonpoint
sources throughout the Pike River watershed
through implementation of a combination of
the following land management measures:
proper material storage and runoff control
on industrial and commercial sites; control
of sediment and debris during demolition
and construction activities; septic tank
system management; public education pro
grams to promote proper use of fertilizers
and pesticides; litter and pet waste control;
the application of soil conservation prac
tices on rural land; improved timing and
efficiency of street sweeping, leaf collection,
and catch basin cleaning; and streambank
erosion control.

5. The undertaking of a cooperative, con
tinuing water quality monitoring program.

COST ANALYSIS

In order to assist public officials in evaluating the
recommended comprehensive Pike River watershed
plan, a preliminary capital improvement program
with attendant operation and maintenance costs
was prepared which, if followed, would result in
total watershed plan implementation by the year
2000. In addition, an analysis was made of recent
public expenditures in the watershed for major
flood control and drainage purposes in order to
determine if sufficient monies were likely to be
available to implement the floodland management
portion of the recommended watershed plan.
Similar analyses were not completed for the
land use, park and open space, and water quality
management recommendations set forth in the
watershed plan, since those analyses were per
formed as part of the regional land use, park and
open space, and water quality management plans

and do not represent newly developed recom
mendations nor new costs for the implementation
of the Pike River watershed plan.

The schedule of capital and operation and main
tenance costs for the recommended watershed plan
is set forth in Table 108, page 531. This schedule
assumes a 17-year plan implementation period
beginning in 1984 and extending through the year
2000. The total capital cost of implementing the
entire Pike River watershed plan is estimated at
$20.3 million, representing an average annual
capital expenditure over the 17-year period of
nearly $1.2 million. Of this total, about $5 million,
or 25 percent representing an annual average
expenditure of $294,600, is required to implement
the park and open space element of the plan,
including the acquisition of primary environmental
corridor lands; about $10.1 million, or 50 percent
representing an annual average expenditure of
$593,900, is required for implementation of the
water quality management element of the plan;
and about $5.2 million, or 26 percent of the total
representing an annual average expenditure of
about $305,600, is required for implementation of
the floodland management element of the plan.

Thus the total capital investment and operation
and maintenance cost required for plan implemen
tation may be expected to approximate $1.5 mil
lion on an average annual basis, or about $37.27
per capita per year over the 17-year plan imple
mentation period. This per capita cost is based on
a resident watershed population of about 40,000
persons which is equal to the anticipated average
resident population in the watershed between the
1970 population level of about 24,000 persons and
the planned year 2000 population level of about
56,000 persons. The average annual cost of imple
mentation of the land use and park and open
space element, the water quality management ele
ment, and the floodland management element are
estimated at, respectively, about $417,900, or
$10.38 per capita per year; $744,800, or $18.51
per capita per year; and $337,000, or $8.37 per
capita per year.

As noted above, the only significant, newly pro
posed projects and accompanying expenditures in
the Pike River watershed plan are those associated
with the floodland management element. Accord
ingly, an analysis was conducted to determine the
level of public expenditures for flood control and
related improvements in the watershed in recent
years in order to determine whether or not the
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recommended flood control improvements set
forth in the plan could likely be accomplished by
continuing the historic pattern of expenditures, or
whether a change in that historic pattern would be
required. A survey was made of the flood control
expenditures by the local units of government in
the Pike River watershed over the period 1972
through 1982. The results of this survey are set
forth in Table 109, page 533. As indicated in this
table, the local units of government in the water
shed have collectively expended nearly $1.1 mil
lion over the last 11 years for major flood control
and drainage improvements, representing an
average annual expenditure of about $100,000.
As noted above, the estimate of the capital expen
ditures required to implement the floodland ele
ment of the plan over the next 17 years would
require an average annual expenditure of slightly
over $300,000. Thus, it may be concluded that
for full implementation of the flood control rec
ommendations of the plan to occur by the plan
design year 2000, an increase in the average annual
expenditures would be required from about
$100,000 to about $300,000 annually.

The foregoing analysis, however, pertains to the
entire set of flood control recommendations set
forth in the Pike River watershed plan irrespective
of location within the watershed and irrespective
of the type of improvement proposed. Of the total
estimated capital cost of nearly $5.2 million, about
$360,000 represents the capital costs for structure
floodproofing and elevation. Since these expendi
tures would occur on private property, it may be
assumed that these measures would be undertaken
by the private property owners concerned and
would not involve any significant public expendi
tures. It is useful to view the remaining approxi
mately $4.8 million in capital requirements for
flood control by geographic subarea of the water
shed. Those expenditures attendant to the channel
improvements along the Upper Pike River, to the
dike along the Bartlett Branch, and to the replace
ment bridge at Chicory Road total about $1.5 mil
lion. These recommended improvements would all
be located in the Town of Mt. Pleasant. Full imple
mentation of these three projects over the 17-year
plan implementation period would require an
average annual expenditure of about $90,000 per
year. At the present time, the Town of Mt.Pleasant
is expending monies for major flood control pur
poses at a rate of about $73,000 per year. By
continuing the current rate of expenditure, then,
the structural measures set forth in the Pike River
watershed plan that pertain to the Town of Mt.
Pleasant could be substantially implemented over
a period of about 21 years.
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The remaining $3.3 million of capital required for
flood control works lie in the Kenosha County
portion of the watershed. Of this total, nearly
$860,000 represents the capital required for
implementation of the channel improvements
along the Airport Branch and the Tributary to the
Airport Branch. As noted above, these improve
ments need not be undertaken unless it is deemed
desirable to undertake such improvements in con
junction with an industrial park development
project, and unless it can be shown that the land
made available for development would have a value
exceeding the cost of the flood control works. Any
costs associated with such improvements, accord
ingly, should be borne as a part of the cost of
developing the industrial park and should be
recovered through land sales recorded therein, if
indeed they are undertaken at all. Of the remaining
$2.4 million in expenditures, about half would be
required for the low level dike system above,
within, and below the Kenosha Country Club.
The responsibility for the construction of these
dikes would fall to the membership of the Kenosha
Country Club and the farmers along the Lower
Pike River as the benefited parties may individually
or collectively deem it desirable. The remaining
$1.2 million in capital requirements, then, repre
sents the public cost of plan implementation in the
Kenosha County portion of the watershed. This
would require an average annual expenditure over
the plan implementation period of about $70,000.
This may be compared with the average annual
expenditure over the last 11 years of about
$23,500. Consequently, it would be necessary to
substantially increase the historic rate of expendi
tures of the Kenosha County portion of the water
shed if the recommended improvements to be
publicly funded are to be put in place over the
next two decades.

The foregoing discussion assumes that all of the
costs necessary to implement the floodland man
agement element of the watershed plan would be
borne locally. It may be possible to secure some
federal funding in partial support of the imple
mentation of one or more of the recommended
flood control measures. Although there are no
federal or state grant-in-aid programs available at
the present time to assist local units of government
in undertaking flood control improvements, the
U. S. Army Corps of Engineers, as discussed in
Chapter XV of this report, administers a federally
implemented flood control program. Under this
program, the Corps can directly build needed flood
control works provided that the local units of
government concerned secure all of the lands,
easements, and necessary rights-of-way required



and further agree to maintain and operate the
facilities once constructed. Under the Corps pro
gram, all projects must be demonstrated to be
economically feasible and environmentally sound.
The system level analyses conducted as part of the
Pike River watershed study provided an assessment
of such economic feasibility and environmental
soundness; however, under federal regulations, the
Corps must conduct its own detailed feasibility
studies and must find in all cases that the benefits
associated with the project at least equal the costs.

Based upon the preliminary analyses conducted
under the Pike River watershed study, it would
appear that at least one of the recommended flood
control works may qualify as aU. S. Army Corps
of Engineers project under that agency's small-scale,
general works project program. This recommended
project involves the channelization measures rec
ommended for the Pike Creek in the Town of
Somers. The benefit-cost ratio for these recom
mended channelization measures was estimated
at 1.1.

Another flood control measure recommended in
the watershed plan which may also qualify as
a Corps project is the diking system through the
Kenosha Country Club. Because of the rigorous
way in which benefits were estimated under the
watershed study, it was not possible to take into
account the indirect costs incurred by members
of the Kenosha Country Club in terms of loss of
opportunity to use the facility during the rela
tively frequent periods of flooding, nor the loss
of revenue resulting from the inability to operate
the facility during those flooding periods. Under
the rules governing the conduct of the Corps
feasibility studies, such indirect costs may well
qualify for inclusion in a federal benefit-cost analy
sis. The average annual cost estimated for the
diking project through the Kenosha Country Club
grounds is about $23,000. Documentation pro
vided by the Club during the conduct of the water
shed study did indicate that the Club suffered
substantial damages over the four-year period 1975
through 1978 from a number of floods, with such
damages averaging from $15,000 to $20,000
annually. With the inclusion of some indirect costs
as benefits in a Corps analysis, it may be possible
to achieve a positive benefit-cost ratio for that
project as well.

Should it be possible to obtain U. S. Army Corps
of Engineers involvement in the projects in the
Kenosha County portion of the watershed, this
would, of course, reduce the local expenditures
required for implementation of the plan. As noted
above, and not including the Kenosha Country

Club project nor the low level agricultural dikes
upstream or downstream of the Kenosha Country
Club, about $1.2 million in capital costs would be
required to implement the Kenosha County por
tion of the watershed plan. The great majority
of that cost, or $1.1 million, is required for the
Pike Creek channel improvement project. Since
all of the construction costs would be borne by
the federal government under aU. S. Army Corps
of Engineers project, it may be possible, given
that federal involvement, to reduce the local
expenditures required to approximate the average
annual expenditure found over the last 11 years
of about $23,500.

PLAN IMPLEMENTATION

A complete identification of the plan implemen
tation responsibilities by level and unit of govern
ment is set forth in Chapter XV of this report.
Most of the major recommendations contained in
the comprehensive Pike River watershed plan can
be undertaken by the existing state, county, and
local units of government. If it is determined
desirable by those directly affected to construct
a system of dikes along the Lower Pike River
for recreational and agricultural land protection
against flooding, a new special unit of government
namely, a drainage district-would be required. In
addition, the Town Board of Somers will need to
create a new sanitary district to carry out the flood
control recommendations along the Pike Creek.

At the local governmental level, plan implementa
tion entities include Kenosha and Racine Counties;
the Cities of Kenosha and Racine; the Villages of
Elmwood Park and Sturtevant; the Towns of Mt.
Pleasant, Pleasant Prairie, and Somers; and the
existing sanitary and utility districts within those
three towns. At the state level, implementation
entities include the Wisconsin Departments of
Natural Resources, Transportation, and Agricul
ture, Trade and Consumer Protection. At the
federal level, plan implementation entities include
the U. S. Environmental Protection Agency, the
U. S. Geological Survey, the Federal Emergency
Management Agency of the U. S. Department of
Agriculture, and potentially the U. S. Army Corps
of Engineers.

Primary emphasis in implementation of the newly
developed recommendations contained in the
comprehensive plan for the Pike River watershed,
that is those dealing with flood control, is based on
actions by the Kenosha County Park Commission,
the Town of Mt. Pleasant Stormwater Drainage
District, the City of Kenosha Park Commission, the
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City of Kenosha Board of Public Works, and the
Town Board of the Town of Somers. The specific
listing of the detailed plan actions required to
implement the watershed plan by level, unit, and
agency of government is set forth on pages 568
through 573 of this report.

PUBLIC REACTION TO THE RECOMMENDED
PLAN AND SUBSEQUENT ACTION OF THE
PIKE RIVER WATERSHED COMMITTEE

A formal public hearing was held upon completion
of the preliminary plan for the watershed. The
hearing was conducted on behalf of the Regional
Planning Commission by the Pike River Watershed
Committee with the Chairman of the Watershed
Committee presiding. The purpose of the hearing
was to present the preliminary findings and recom
mendations of the watershed study for review and
consideration by public officials and interested
citizens. The hearing was announced through news
releases sent to all media serving the watershed
area, through letters to the heads of the local units
of government in the watershed, and through
publication and distribution of a Commission
Newsletter summarizing the preliminary findings
and recommendations of the study.3 The hearing
was held at 7:30 p.m., on December 16, 1982, at
the Somers Town Hall.

Minutes of the public hearing were published by
the Commission and provided to both the Pike
River Watershed Committee and the Regional
Planning Commission for review and consideration
prior to final adoption of the recommended plan. 4

The minutes of the public hearing contain a com
plete record of all comments made at the hearing.
In addition, the document includes written com
ments submitted at or after the public hearing.

The record of the public hearing indicated a gen
erally favorable reaction to the plan with, however,
concerns being expressed by a number of indi
viduals, organizations, and agencies with 'respect
to the following four matters:

3See SEWRPC Newsletter, Volume 22, No.5,
September-November 1982.

4 See Minutes of Public Hearing, A Comprehensive
Plan for the Pike River Watershed.
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1. The primary environmental corridor preser
vation recommendations along the main
stem of the Pike River downstream of the
Petrifying Springs County Park, including
the alignment of the recommended recrea
tional trail through the grounds of the
Kenosha Country Club.

2. The proposed low-level dikes to protect agri
cultural lands along the Lower Pike River
both upstream and downstream of the
Kenosha Country Club.

3. The proposed channelization projects along
the Pike Creek and the Upper Pike River,
with respect to the potential affects of such
projects on the adjacent wetlands and the
aquatic habitat and fishery, and upon the
water use objectives for these stream reaches.

4. Several specific urban floodland manage
ment measures, particularly the proposed
dike along Bartlett Branch, the proposed
jetties at the mouth of the Pike River, and
the proposed dikes through the grounds of
the Kenosha Country Club.

Each of these four areas of concern is discussed
below, together with the Advisory Committee's
response thereto. Any changes to the preliminary
plan as proposed by the Advisory Committee and
presented in Chapter XIV of this report are specifi
cally noted.

Primary Environmental Corridor
and Related Concerns
Several landowners living along the Lower Pike
River expressed concern over the plan recom
mendation to ultimately acquire the remaining
undeveloped primary environmental corridor lands
downstream of Petrifying Springs County Park,
and in particular over the development of a recrea
tional trail along that corridor. Some of these
concerns related to the costs involved, while other
concerns related to the lack of detail with respect
to the specific lands that would be acquired and
the specific location and alignment of any recrea
tional trail. Representatives of the Kenosha Coun
try Club indicated that the Club objected to the
alignment of any recreational trail along the Pike
River through its grounds.

In response to these concerns, the Committee
reviewed that element of the plan dealing with the
primary environmental corridor along the Lower



Pike River. The Committee reaffirmed its position
that the lands lying along the Lower Pike River are
among the most significant in terms of remaining
wetlands, woodlands, and wildlife habitat in the
entire watershed and, accordingly, should continue
to be recommended for preservation through
public acquisition for open space, outdoor recrea
tion, and flood control purposes. In taking this
position, the Committee noted that this particular
recommendation is not new, having previously
been made in the comprehensive plan for the
Kenosha Planning District completed in the mid
1960s, and reaffirmed in the park and open space
plan for the City of Kenosha and Towns of Plea
sant Prairie and Somers completed in 1980.

The Committee further noted that some of the
concerns expressed by residents over the lack of
precision in the plan would be addressed at such
time as the designated implementing agency-the
Kenosha County Park Commission-was to under
take the detailed identification of the lands that
should be acquired either through public purchase
or through dedication at such time as some of the
major parcels lying along the Lower Pike River
may be developed for urban purposes. The Com
mittee noted that there will be opportunity for
further public participation in such a plan refine
ment process and any site-specific concerns can be
addressed at that time by the implementing agency.

With respect to the alignment of the recreational
trail along the Pike River from Petrifying Springs
County Park to the Kenosha Country Club and
a junction at that point with the existing trail along
the alignment of the abandoned Chicago, North
Shore and Milwaukee Railroad, the Committee
noted that the Pike River watershed plan is a system
level plan and that further, more detailed studies
will be required to identify alignments for such
facilities as recreational trails. The responsibility
for such studies also lies in this instance with the
Kenosha County Park Commission. The Com
mittee recognized, however, the rights of the
Kenosha Country Club to restrict access to its
lands along the Pike River to members only, as
well as the potential conflicts during the summer
months of users of a recreational trail through
the Country Club grounds and users of the Coun
try Club golf course. Accordingly, the Committee
directed that the plan be changed to reflect a gen
eral alignment of the proposed recreational trail
that would deviate from the alignment of the Pike
River from the point where the Pike River flows
immediately adjacent to CTH A just west of 22nd

Avenue, thence along CTH A easterly for a distance
of about one-half mile to the intersection of the
existing recreational trail on the abandoned North
Shore railway right-of-way with CTH A.

Lower Pike River Agricultural Dikes Concerns
Several citizens commented on the preliminary
plan recommendation pertaining to the construc
tion of low-level flood control dikes along the main
stem of the Lower Pike River both upstream and
downstream of the Kenosha Country Club for the
purpose of abating agricultural crop damages.
These individuals were concerned over the poten
tial impacts of these dikes on a farm-by-farm basis,
and further objected to the plan implementation
recommendation that would have the individual
farmers bearing the cost of the dike construction
either individually or collectively through a new
drainage district. A suggestion was offered that the
plan be changed to include a recommendation
that would have Kenosha County pay for the
construction of the proposed dikes.

In response to these concerns and comments, the
Advisory Committee reviewed the proposal for
these low-level flood control dikes and reconfirmed
its position. The Committee noted that the dike
system could be implemented on a farm-by-farm
basis and that such an approach to implementation
should not· have adverse effects on neighboring
landowners because of the very small amount of
floodwater storage that would be removed under
floods up to and including the 10-year recurrence
interval event. The Committee further noted that
in any case the dikes would be subject to overtop
ping during floods exceeding a 10-year recurrence
interval flood, and thus the entire natural flood
plain would be available for floodwater storage
during major floods with no adverse impacts on
neighboring landowners.

With respect to the suggestion that Kenosha
County be identified as the implementing agency
for the proposed dikes, the Committee concluded
that such an approach would have a very low
potential for political acceptance given the equity
considerations inherent in the matter, and that
a process already exists in the Wisconsin Statutes
to address agricultural flood damage problems
collectively through the formation of drainage
districts. The Committee concluded that the land
owners and farmers directly involved along the
Lower Pike River voluntarily seek to produce crops
on natural floodplain lands and, accordingly, know
ingly take on the risks associated with such activi-
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ties. Since only these individual landowners and
farmers would stand to directly benefit from the
construction of the dikes, and since these dikes can
be constructed individually by each farmer or land
owner, or collectively through a drainage district
approach, the Committee could find no rationale
for recommending that all county taxpayers share
in the cost burden of the dike construction project.
Accordingly, the plan was left unchanged in this
respect by the Advisory Committee.

Channelization and Water Quality Concerns
Certain of the comments received at and after the
public hearing dealt with a series of interrelated
concerns over the proposed channelization projects
on the Pike Creek and the Upper Pike River, and
the potential impact of those projects upon the
existing aquatic habitat along those stream reaches,
as well as the proposed water use objectives for
those stream reaches. Several written comments
were filed taking note of the fact that the plan was
devoid of any specific recommendations that might
enhance the aquatic habitat of the Pike River
watershed. Comments to this effect were filed by
the Wisconsin Environmental Decade, the Racine
Kenosha Group of the John Muir Chapter of the
Sierra Club, and by one private citizen. The Wis
consin Department of Natural Resources (DNR)
expressed concern over the impact that the pro
posed channelization projects would have upon the
existing wetlands and aquatic habitat in the water
shed, as well as the specific impact that the chan
nelization project on the Upper Pike River would
have on a short reach of the River within, and
immediately upstream of, Petrifying Springs
County Park. This latter stream reach is the only
proposed channelization project in the watershed
that would occur within a designated primary envi
ronmental corridor. The DNR noted in particular
that inventories conducted under the watershed
study indicated a relatively high potential for the
restoration of the fishery habitat along certain
reaches of the Upper Pike River and thePik~Creek,
and suggested that a way be found to approach the
proposed channelization projects in a manner that
would be sensitive to the restoration and possible
enhancement of the existing aquatic habitat along
those stream reaches. The DNR also expressed con
cern over the proposal in the plan to recommend
limited recreational use objectives for the Pike
Creek and the Upper Pike River, such recommen
dations representing a departure from the recom
mended recreational use objectives for these stream
reaches set forth in the adopted regional water
quality management plan. Finally, one citizen com-
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mented at the public hearing on the need for more
explicit recognition in the plan for the control of
the stream bank erosion along the Pike Creek.

In response to this series of interrelated comments
and concerns, the Advisory Committee reconsid
ered the preliminary plan recommendations relat
ing to channelization of the Pike Creek and the
Upper Pike River and to the water use objectives
for the Pike Creek and the Upper Pike River. Based
upon this reconsideration, the Committee con
cluded the following:

1. There remains a need to undertake major
channelization projects for flood control and
for rural and urban stormwater drainage pur
poses along both the Pike Creek and the
Upper Pike River. Furthermore, while some
damage to the existing natural environment
may occur along that portion of th~ Upper
Pike River lying within a primary environ
mental corridor in, and immediately upstream
of, Petrifying Springs County Park, the pro
posed channelization project as a practical
matter cannot be terminated at the Racine
Kenosha County line and still substantially
achieve the desired flood control and drain
age objectives within the Racine County por
tion of the watershed. Termination of the
channelization project upstream of STH 31
would not resolve the agricultural flood
damage problems along the Pike River at and
immediately above that location nor along
the Lamparek Ditch. Accordingly, the Com
mittee reaffirmed its position that major
channelization projects are warranted along
both the Pike Creek and the Upper Pike
River, including improvement of the Upper
Pike River channel all the way to the con
fluence with the Pike Creek in Petrifying
Springs County Park.

2. The Committee took cognizance, in particu
lar, of the DNR concern over the potential
impacts on the aquatic habitat through the
loss of vegetation, pools, riffles, and runs
that might be attendant to a traditional
stream channelization project. After care
fully reconsidering this matter, the Com
mittee recommended that consideration be
given to designing and constructing the chan
nelization projects in such a manner so as
to reestablish and possibly enhance the
aquatic habitat in the stream. The Commit
tee, in this respect, took note of the stream



channel rehabilitation techniques identified
by the Regional Planning Commission in the
adopted regional water quality management
plan. 5 Basically, the approach suggested for
rehabilitation of modified stream channels
involves improving the biological potential
of such a channel by providing protective
areas where a suitable sediment substrate
may at least temporarily accumulate, by
increasing vegetative growth, and by elimi
nating barriers to aquatic migration. The
types of measures which could be used to
increase the biological potential of modified
stream channels in the Pike River are sum
marized in Table 116. Figure 65 shows a pos
sible design for a rehabilitated channelized
stream section. In addition to providing
suitable habitat for aquatic life, such stream
channel rehabilitation measures can enhance
the aesthetic qualities of the stream and
through temporary sediment storage, aera
tion, increased shading, and biological nutri
ent uptake-can improve the water quality
of the stream. While most of these rehabili
tation measures by their very nature would
tend to decrease the hydraulic efficiency of
the stream channel, such efficiency could be
maintained at a level that would not pre
clude achievement of flood control objec
tives, at, however, an increase in mainte
nance, as well as in construction, costs.

Accordingly, the Advisory Committee rec
ommended that the Mt. Pleasant Stormwater
Drainage District-for that reach of the Upper
Pike River extending from the confluence
with Pike Creek upstream to STH 20-and
the Town Board of the Town of Somers-for
that reach extending along the Pike Creek
from the confluence with Somers Branch
upstream to CTH L-work with the DNR to
determine the practicality and feasibility of
including in any channelization projects along
these stream reaches the design and mstalla
tion of the types of biological habitat reha
bilitation measures set forth in Table 116.
There does not exist an extensive amount of
data that would indicate the range of costs
associated with undertaking such measures.

5 See pages 72 through 76, SEWRPC Planning
Report No. 30, A Regional Water Quality Plan for
Southeastern Wisconsin: 2000, Volume Two, Alter
native Plans.

However, based upon recent experiences by
the DNR, it is believed that such costs would
range from $15,000 to $30,000 per channel
ized stream mile. Accordingly, it may be
concluded that the additional capital costs
for undertaking such measures-should they
be found to be practical and feasible as the
channelization projects are designed-could
be expected to range from $80,000 to
$160,000 along about 5.3 miles of the Upper
Pike River and from $23,000 to $46,000
along about 1.5 miles of the Pike Creek.

3. The Advisory Committee recommended that
the previous recommendations set forth in
the adopted regional water quality manage
ment plan to establish full recreational water
use objectives for certain portions of the
Upper Pike River and the Pike Creek be
restored. Accordingly, the final Advisory
Committee recommendations with respect
to the recommended water use objectives for
the Pike River watershed are summarized on
Map 94. Full recreational use standards are
again recommended for that portion of the
Upper Pike River extending upstream to
STH 20; for that portion of the Pike Creek
extending upstream to CTH L; and for Chi
cory Creek, Lamparek Ditch, School Tribu
tary, Somers Branch, and that portion of
Waxdale Creek upstream to the limits of
the Village of Sturtevant. Since the general
public would be the beneficiary of any aqua
tic life enhancement measures found neces
sary, it is recommended that the cost of such
enhancement measures be borne by federal
and state governments.

Specific Floodland Management Project Concerns
In commenting on the floodland management ele
ment of the preliminary plan, the DNR noted that,
under rules adopted by the Wisconsin Natural
Resources Board and set forth in Chapter NR 116
of the Wisconsin Administrative Code, any dike or
levy shall be set at a minimum height so as to pro
vide three feet of freeboard beyond the elevation
of the 100-year recurrence interval flood. As pre
sented at the public hearing on the preliminary
plan, the proposed dike to abate flooding along
the Bartlett Branch was recommended to be con
structed to provide for two feet of freeboard. In
considering this matter, the Committee noted that
Chapter NR 116 does provide for an exception to
the freeboard requirement where a dike is not used
for the protection of human life. Since the pro
posed Bartlett Branch dike would be designed only
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Table 116

SELECTED BIOLOGICAL LIFE HABITAT REHABILITATION
MEASURES FOR EXISTING AND PLANNED CHANNEL MODIFICATIONS

Rehabilitation Measure Description and Application

Existing Riffle and Use various methods below to create riffle-pool sequence. Riffles
Modified pool development are sections of streams containing rocks, gravel, or other coarse
Channels substrate in which the current is swift enough to remove silt and

sand. Riffles should occur at intervals equal to five to seven
channel widths. A water depth of six inches is desirable. Riffles
help aerate the stream and provide ideal biological habitat. Pools
are deeper, slower sections of streams and provide valuable food
and resting and refuge areas for fish. Pools ideally should be
designed so that the sediments are not completely flushed out
during storm events

Installation of low gabion, Low dams provide a pooling effect and accumulate sediment for
rock, or concrete biological habitat. Dams should be low enough to provide for
check dams fish migration

Installation of gabion or Wing deflectors provide a riffle-pool effect and accumulate
rock wing deflectors sediment. They provide cover for fish and other aquatic life

Use of scattered rocks Installation of rocks create a riffle effect and provide cover for fish
and other aquatic life. They also temporarily trap some sediment

Vegetation improvement Plant erosion-resistant native grasses, shrubs, and trees as close as
practical to the stream channel to provide cover, food supply,
and shade. Provide buffer strip along channel

Removal of barriers to Remove dams, drop structures, chutes, and steep grades which
migrating species cannot be crossed by migrating fish and other aquatic life.

Construct alternative grade control structures

Planned Channel section and The low flow channel cross-section should approach a natural
Modified grade design stream condition. The bottom width of the channel and the
Channels channel grade can be varied to create a riffle-pool sequence

Avoidance of Constructed channels should be aligned as much as possible with
straight channels the natural stream curvature

Vegetation and Preserve native vegetation and wetlands as much as possible to
wetland preservation provide shade trees and shrubs and maintain the water quality,

environmental, and aesthetic benefits of wetlands

Installation of channel Various storage measures may be incorporated into the channel
bank reservoirs bank design to temporarily store runoff, reduce size requirements

for downstream channels, and accumulate sediment, thereby
providing suitable biological habitat

Avoidance of barriers Do not construct steep drop structures which cannot be crossed
to migrating species by fish or other aquatic life

Use of construction Construction erosion controls are essential for channel modification
erosion controls projects. Stabilize the exposed surface, control runoff, and

prevent sediment delivery to the stream

Source: SEWRPC.
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Figure 65

TYPICAL BIOLOGICAL HABITAT REHABILITATION TECHNIOUES TO BE
CONSIDERED FOR THE CHANNELIZED STREAMS IN THE PIKE RIVER WATERSHED
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Map 94

POST·PUBlIC HEARING·RECOMMENDED WATER USE OBJECTIVES
FOR SURFACE WATERS IN THE PIKE RIVER WATERSHED: 2000

Following the public hearing on the preliminary water
shed plan, the Watershed Committee recommended that
the initial recommendations for the limitation of the
application of warm-water fishery and full recreational
water use objectives to only certain portions of the
stream system of the watershed be revised. Accordingly,
it is recommended in the final watershed plan that the
water use objectives calling for the maintenance of
of a warm-water fishery and full recreational use be
applied within the Pike River watershed to the Lower
Pike River from the lagoon at the Carthage College
Campus upstream to the confluence with Pike Creek;
along the Upper Pike River from the confluence with
Pike Creek extending upstream to STH 20; along the
Pike Creek upstream from the confluence with the Pike
River to the CTH L; along the School Tributary from
the confluence with Pike Creek upstream to CTH H;
along the Somers Branch from the confluence with
Pike Creek upstream to approximately the intersection
of CTH E and CTH H; along Sorenson Creek from the
confluence with the Pike River upstream to Taylor
Avenue; along Nelson Creek upstream from the con
fluence with Sorenson Creek to CTH KR; along Waxdale
Creek upstream to the limits of the Village of Sturte
vant; along Chicory Creek from the confluence with the
Pike River upstream to the Milwaukee Road; and along
Lamparek Ditch from the confluence with the Pike
River upstream to approximately CTH H. All of the
other perennial stream reaches in the Pike River water·
shed are recommended to meet standards attendant to
the maintenance of a limited fishery and for limited
recreational use.
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Source: SEWRPC.
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to protect against property damage-the depths of
inundation during a 100-year recurrence interval
flood in the protected area averaging only about
one foot-the Committee determined to leave the
plan unchanged in this respect, suggesting that
the Mt. Pleasant Stormwater Drainage District seek
a variance from the DNR.

The DNR also commented on the preliminary plan
proposal to construct jetties at the mouth of the
Pike River in Kenosha. The DNR noted that the
jetties will not eliminate the need for periodic
maintenance dredging at the mouth of the Pike
River and would have a tendency to accelerate
the potential for down drift beach erosion in Pen
noyer Park.

In considering this matter, the Advisory Com
mittee reaffirmed its position that the construction
of jetties at the mouth of the Pike River represents
the most cost-effective solution to this problem.
The Committee noted that the preliminary plan
recognizes the need for periodic maintenance
dredging between the jetties; indeed, the plan
includes cost estimates for such maintenance
dredging. In addition, the Committee recognizes
that there may be some down drift beach erosion
in Pennoyer Park, but that such problems were
likely to be minimal. Finally, the Committee noted
that the recommended implementing agency for
this project-the City of Kenosha Park Commission
which has jurisdiction over Pennoyer Park-could
judge for itself whether or not the potential ero
sion problems in Pennoyer Park would be offset
by the resolution of the flooding problems caused
by sand buildup at the mouth of the Pike River.
Accordingly, the Committee did not change the
preliminary plan with respect to the jetty construc
tion proposal.

The final floodland management concern addressed
by the Advisory Committee in response to the
concerns expressed at the public hearing involved
the preliminary proposal to construct a system of
low-level dikes through the Kenosha Country Club
grounds. Such dikes would provide protection
from floods up to and including the 10-year recur
rence interval flood. This alternative was taken to
public hearing along with a second basic alterna
tive that would involve the undertaking of major
channel improvements through and downstream of
the Country Club grounds in such a manner so as
to eliminate flooding problems for floods up to
and including the 100-year recurrence interval
flood. Considerable concern over both these alter-

native plan recommendations had been voiced
by the Kenosha Country Club membership during
informational meetings leading up to the public
hearing. The Advisory Committee was concerned
in particular over the practicality of either of the
alternatives given the substantial costs involved.
Accordingly, the Advisory Committee directed
that the staff review this entire matter, developing
such additional alternatives as may be necessary to
help the Committee reach a decision.

In discussing this matter with the Kenosha Country
Club officials, it was determined to prepare and
present for Advisory Committee review two alter
natives in addition to the alternatives previously
presented. The first additional alternative would
involve the construction of a new Pike River chan
nel through the Country Club grounds in an
attempt to carry and convey within its banks all
floods up to and including the 10-year recurrence
interval flood. This alternative plan is shown on
Map 95. Pertinent data pertaining to this alterna
tive are set forth in Table 117. Under this alterna
tive, the existing Pike River channel from the
confluence with Sorensen Creek upstream to the
abandoned Chicago, North Shore and Milwaukee
Railroad right-of-way-where the Pike River exits
the Kenosha Country Club grounds-would be
lowered by a depth of from one to two feet. From
that point upstream through the Country Club
grounds to CTH Y, the Pike River channel would
be realigned, deepened, and widened so as to con
tain the entire 10-year recurrence interval flood
discharge. Through the Country Club grounds,
the existing stream bottom would be lowered from
two feet at the Chicago, North Shore and Mil
waukee Railroad right-of-way to about five feet at
CTH Y. A drop structure would be installed at
CTH Y. The proposed channel through the Coun
try Club grounds would be turf-lined, would have
a bottom width of about 50 feet, and side slopes of
one on three. In addition to the channel construc
tion, earth berms from one to six feet in height
would be required along both sides of the channel
upstream from the North Shore Railroad right
of-way to just below the clubhouse. A total of
10 bridges on the golf course grounds would have
to be reconstructed to accommodate the larger
channel. It would not be necessary to modify the
existing structure on the North Shore right-of-way.

The estimated capital cost of this alternative is
$515,000. Using an annual interest rate of 6 per
cent and an amortization period of 50 years, the
average annual cost of this alternative is $37,000.
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Map 95

MAJOR CHANNELIZATION ALTERNATIVE FOR THE PIKE RIVER
THROUGH THE GROUNDS OF THE KENOSHA COUNTRY CLUB
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Following the public hearing on the preliminary watershed ptan, a major channelization alternative flood control plan was prepared and evalu
ated to determine if such a measure would provide a technicallv feasible and economically sound solution to the flood problem along the Pike
River through the grounds of the Kenosha Country Club. Under this alternative, the existing Pike River channel would be modified from the
confluence with Sorenson Creek upstream to CTH Y. In addition, earthen berms would be constructed along both sides of the channel
upstream from the old North Shore electric railway right-of-way to iust below the clubhouse, and a total of 10 bridges on the golf course
grounds would be reconstructed to accommodate the larger channel. Under this alternative flood control plan, damages would be prevented
from floods having a recurrence interval of up to and including 10 years. While technically feasible, this alternative was found to be economi
cally unsound.

Source: SEWRPC.
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Table 117

PRINCIPAL FEATURES, COSTS, AND BENEFITS OF FLOODLAND MANAGEMENT ALTERNATIVES
FOR THE PIKE RIVER THROUGH THE GROUNDS OF THE KENOSHA COUNTRY CLUB

Economic Analysis8

Annual Annual Excess Benefit·
Amortized Operation and Total of Annual Cost

Capital Maintenance Annual Annual Benefits Benefit- Ratio
Alternative

Technically
Capital Cost

Cost Cost Cost Benefits Over Cost Cost Greater
Name Description Feasible Item (thousands) {thousands I (thousands) (thousands) (thousands) (thousands) Ratio Than 1.0

Major • 0.8 mile of major V.s Channel ization $305.0 $33.0 $1.0 $37.0 $20.0 $-17.0 0.59 No
Channelization channelization Bridge

(50·foot bottom replacement 100.0
width. one on Drop structure 20.0
three slopes) Berms 90.0

• Replace
10 bridges Subtotal $515.0

• Construct drop
structure

• Construct
berms

Detention • Two reservoirs V.s Land
Storage acquisition $450.0 $53.9 -- $53.9 $20.0 $-33.9 0.37 No

Reservoir Highway

elevation 260.0
Outlet control

structures 140.0

Subtotal $850.0

aEconomic analvses are based on an annual interest rate of 6 percent and a 50*year amortization period and project life.

Source: SEWRPC.

The average annual flood abatement benefit is
estimated at $20,000, resulting in a benefit-cost
ratio of 0.54.

This alternative would reduce flooding problems
attendant to floods up to and including the 10-year
recurrence interval floods that occur on the
Kenosha Country Club grounds. It would not, how
ever, totally eliminate the flooding problems. In
addition, this alternative would have the same
detrimental effects to the golf course that the
previously considered channelization and diking
alternatives would have, although to a somewhat
lesser extent.

The second new alternative considered by the
Advisory Committee was also designed in an
attempt to resolve flooding problems for floods up
to and including the 10-year recurrence interval
flood. Data pertaining to this alternative are set
forth in Table 117. This alternative examined
potential detention storage reservoirs immediately
upstream of the Country Club grounds. Under this
alternative, two locations were selected as potential
reservoir sites (see Map 96). One of these sites is
located immediately upstream of CTH Y. Assum
ing that CTH Y would be raised about 10 feet,
the impoundment created would have a capacity

of about 400 acre-feet over a 90-acre area. The
second reservoir site would be located immediately
upstream of CTH A primarily on the University of
Wisconsin-Parkside grounds. Assuming that CTH A
would be raised about 10 feet, the impoundment
created would have a capacity of about 300 acre
feet over a 60-acre area.

Analyses indicated that to contain a two-year
recurrence interval flood under planned land use
and channel conditions at the Kenosha Country
Club location on the Pike River would require
a storage volume of about 600 acre-feet. Accord
ingly, the use of both potential reservoir sites
would provide enough storage to contain the
floods that have a recurrence interval of two years
or less. It would be necessary under these assump
tions to operate the outlet control structures of the
two potential reservoirs during flood events in such
a manner as to utilize the storage potential of both
reservoirs while preventing the overtopping of
either CTH Y or CTH A.

The estimated capital cost of this alternative is
$850,000, including the cost of land acquisition,
the elevation of CTH Y and CTH A, and the instal
lation of outlet control structures at those loca
tions. Using an annual interest rate of 6 percent
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DETENTION STORAGE RESERVOIR ALTERNATIVE FOR THE PIKE RIVER THROUGH THE GROUNDS OF THE KENOSHA COUNTRY CLUB
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Following the public hearing on the preliminary watershed plan, 8 detention Itorage reSllfvoj, IIltarnali\18 flood control plan was prepared and evaluated to determine if such 8 measure would provide. technically feasible and economically soond solution 10
Ihe flood problem along the Pike River through the groonds of the Kenosha Country Club. Under this alternative, two potential reservoir sites wefe identified. One of lhese siles is located immediatelv upstream of CTH Y. Assumil'lQ that CTH Y would be
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Assuming that CTH A would be raised about 10 feel, the Impoundmenl created would have a capacity of about 300 acre-feet over a 60-aere area. Under this alternative flood control pl.n, damages would be prevented from floods having a recurrence interval
of up to and including two years. While technically feasible, this alternative wes lound 10 be economicallv unsound.
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and an amortization period of 50 years, the average
annual cost of this alternative is estimated at
$53,900. With an annual flood abatement benefit
of about $20,000, the resulting benefit-cost ratio
is 0.37.

Further analysis of this alternative indicated that
there does exist the potential to provide additional
storage upstream of CTH A in order to contain all
flows for floods up to and including the 10-year
recurrence interval flood. However, such storage of
floodwaters would result in the flooding of the golf
course at the Petrifying Springs County Park and
would cause damages at that golf course similar to
the ones proposed to be eliminated at the Kenosha
Country Club.

Although the detention storage reservoir alterna
tive considered would have a beneficial effect in
terms of eliminating overbank flooding and atten
dant damages through the Kenosha Country Club
for floods having a recurrence interval of two years
or less, the alternative would have no significant
effect on upstream flood stages and relatively little
effect on downstream flood stages of floods of
greater magnitude. The 100-year recurrence interval
peak flood flow of about 3,600 cfs at CTH Y under
planned year 2000 land use and channel conditions
could be expected to be reduced to about 3,200
cfs with the operation of both reservoir sites. This
reduction, however, would result in only about
a one-half foot reduction in the 100-year recur
rence interval profile between CTH A and the
mouth of the Pike River.

After considering all of the alternatives attendant
to the resolution of flooding problems on the
grounds of the Kenosha Country Club and taking
into account the fact that none of the alterna
tives considered has a benefit-cost ratio of greater
than one, the Advisory Committee concluded after
conferring with Country Club officials that no
structural flood control measures should be recom
mended for inclusion in the final comprehensive
plan for the watershed. Rather, the Committee
concluded that the Country Club should continue
its efforts to improve local drainage on the golf
course grounds to facilitate play on the golf course
after flooding events. The Committee noted that
most of the floods along the Pike River are of rela
tively short duration and that the problems at the
Kenosha Country Club are largely those attendant
to standing water left in low-lying pockets once the
flood crests have receded. Many of these problems
can be resolved by regrading the course and install-

ing drainage facilities. It was concluded, then, that
an approach that would attempt to "live with" the
flooding problems along the Pike River through the
Country Club grounds probably represents the most
realistic and practical approach to this problem.

The Committee also noted that the membership of
the Kenosha Country Club could for various rea
sons, including the flooding problem, choose at
some future time to sell the current Country Club
grounds and to relocate the club facilities to
another site. The Committee recommended that,
should such an action occur, the Kenosha County
Park Commission could at that time consider the
acquisition of at least the floodplain lands through
the Country Club grounds for public park, outdoor
recreation, and open space uses. The Committee
further noted that, in such an event it would be
possible to relocate the recommended recreational
trail along the Pike River channel.

Concluding Remarks
Based upon the foregoing, the Advisory Committee
made the following changes to the comprehensive
plan for the Pike River watershed as that plan was
presented at the public hearing:

1. The alignment of the proposed recreational
trail was adjusted to bypass the grounds of
the Kenosha Country Club.

2. The proposed channelization projects along
the Pike Creek from the confluence with the
Somers Branch upstream to CTH L and along
the Upper Pike River from the confluence
with Pike Creek upstream to STH 20 were
modified to include recommendations-pend
ing a determination as to site-specific fea
sibility and practicality-to reestablish and
possibly enhance in conjunction with the
channelization projects the aquatic habitat
in the stream and along the stream banks.

3. That recommendations be added to the plan
to modify the existing dams located on the
Kenosha Country Club grounds and within
Petrifying Springs County Park by providing
fish ladders or creating riffle areas at each
dam, and that the Kenosha County Park
Commission assume responsibility for imple
menting these recommendations.

4. That the recommended water use objectives
for the Pike River and the Pike Creek be
adjusted in the manner reflected on Map 94.
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This would mean that the entire main stem
of the Pike River from the mouth upstream
to STH 20 and the Pike Creek from the con
fluence with the Pike River upstream to
CTH L, together with Nelson Creek, that
portion of Sorenson Creek upstream to
Lathrop Avenue, Somers Branch, School
Tributary, Lamparek Ditch, Chicory Creek,
and that portion of Waxdale Creek upstream
to the Village of Sturtevant limits, are rec
ommended to be assigned water use objec
tives associated with full recreational use.

5. That an exception be sought for the pro
posed dike along the Bartlett Branch with
respect to meeting the minimum freeboard
requirements set forth in Chapter NR 116 of
the Wisconsin Administrative Code, since the
proposed dike would not be designed to pro
tect human life.

6. That the plan as it pertains to the Lower
Pike River contain no recommended struc
tural flood control measures to protect the
Kenosha Country Club; but rather, that the
Club be encouraged to pursue improved local

drainage on the golf course so as to minimize
the adverse effects caused by flooding along
the Pike River.

CONCLUSIONS

Adoption and implementation of the recom
mended comprehensive plan for. the Pike River
watershed may be expected to result in the sub
stantial achievement of the adopted watershed
development objectives and supporting standards.
Consequently, implementation of the plan may,};>;e,
expected to provide a safer, more healthful,- :m4
more pleasant, as well as more orderlya,nd~ffiR~,

ent, environment for all life in the wate~shed.

Implementation of the recommended plan would
abate the most serious and costly environmental
problems of the watershed, including flooding and
water pollution, and would minimize development
of new problems of this kind. Failure to implement
the watershed plan will result in the further inten
sification of developmental and environmental
problems and potentially the creation of new
problems which will be even more expensive
to resolve.
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Appendix A

PIKE RIVER WATERSHED COMMITTEE

George E. Melcher Director, Office of Planning and Zoning
Chairman Administration, Kenosha County

Jerome Konicek Chairman, Mt. Pleasant
Vice-Chairman Drainage District

Kurt W. Bauer Executive Director, Southeastern
Secretary Wisconsin Regional Planning Commission

Les Aspin Member of Congress, First Congressional
District, State of Wisconsin

Eual W. Bodenbach Coordinator, Town of Mt. Pleasant
Peter Boscha Supervisor, Town of Mt. Pleasant
Mary M. Carrington Chairman, Town of Mt. Pleasant
Arnold L. Clement Planning Director and Zoning Administrator, Racine County
Myron L. Herman Natural Resources Agent, Kenosha County
Donald K. Holland Director of Public Works, City of Kenosha
Karl B. Holzwarth Park Director, Racine C-ounty
Abe Kirkorian President, Village of Sturtevant
Niels E. Ladine Director of Parks, Kenosha County
Leverett F. Leet " Retired Farmer, Town of Somers
Richard J. Lindl " Chairman, Town of Somers
Chelvadurai Manogaran Associate Professor, Department of Geography,

University of Wisconsin-Parkside
Raymond J. Moyer Supervisor, Racine County; Commissioner,

Southeastern Wisconsin Regional Planning Commission
O. Fred Nelson Manager, Kenosha Water Utility
Francis J. Pitts Supervisor, Kenosha County; Commissioner,

Southeastern Wisconsin Regional Planning Commission
Stanley Renick Member, Kenosha Country Club
Karl Schroeder Horticulture and Natural Resources Agent, Racine County
Bernard G. Schultz Assistant District Director, Southeast District,

Wisconsin Department of Natural Resources
Larry S. Toney District Conservationist, U. S. Soil

Conservation Service, Racine County
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Appendix B

RESULTS OF FISH SURVEY IN THE PIKE RIVER WATERSHED BY STATION: AUGUST 1980

Species and Population per Species According to Their Relative Tolerance to Organic Pollution

Very Tolerant Tolerant Intolerant

Population Population Population

81ack White Fathead Percent Green Creek Brook Bigmouth Percent Least 81ack Percent Total
Bullhead Sucker Minnow Number of Sunfish Chub 81uegill Stickleback Shiner Number of Darter Nosed Dace Number of Number

Station I (Ietalurus (Catastomus (Pimephales of Station (Lepomis (Semotilus (Lepomis (Cul..a (Notropis of Station (Etheostoma (Rhinichthys of Station of Total
Number Stream melas) commersonil promelas) Species Number Total cyanellusl atromaculatus) macrochirus) inconstans) dorsalis) Species Number Total microperca) atratulus) Species Number Total Species Population

Pike River- 1 354 2 355 82 1 3 76 3 SO 18 5 435
Main Stem

Pike River- 4 1 4 67 1 1 2 2 33 3 6
Main Stem

3 IPike River- 4 1 4 27 2 9 2 11 73 3 15
Main Stem

4 Pike River- 2 5 2 7 58 2 1 2 3 5 42 5 12
Main Stem

Pike River- 16 1 16 89 2 1 2 11 2 18
Main Stem

6 I Pike River- 2 4 2 6 40 2 7 2 9 60 4 15
Main Stem

Pike River- 1 1 6 3 8 18 1 35 2 36 82 5 44
Main Stem

8 Pike River- 3 7 2 10 62 6 1 6 38 3 16
Main Stem

9 Waxdale Creek 3 1 3 100 1 3
10 Lamparek Ditch 44 1 44 73 16 1 16 27 2 SO
11 Sorenson Creek 15 1 15 39 3 12 2 3 4 20 53 3 1 3 8 6 38
12 Pike Creek 2 2 2 4 100 2 4
13 Pike Creek 4 3 2 7 47 8 1 8 53 3 15
14 Pike Creek
15 Somers Branch 20 1 20 87 3 1 3 13 2 23

Total 1 11 4B4 3 496 70 5 27 1 96 68 5 197 28 3 8 2 11 2 10 704

Sourr;J!: SEWRPC.



Appendix.C

RAINFALL AND RUNOFF DATA FOR STORM WATER DRAINAGE AND FLOOD CONTROL FACILITY DESIGN

Table C-'

POINT RAINFALL INTENSITY-DURATION-FREQUENCY
EQUATIONS FOR MILWAUKEE. WISCONSINa

EQUationb

Recurrence
Interval
(yo.rs)

10

25

50

100

Duration of i Minutes Duration of

or More But Less 60 Minutes or More
Than 60 Minutes Through 24 Hours

;= 1:.~·: t
-0.781, : 28.9 t

120.2 -0.776
i "'16.6+ t i '" 38.2 t

. _ 141.8 -0.772
I -17.1 + t j = 44.2 t

.~ -0.771
"

17.8 + t i = 52.3 t

190.1 -0.768
i=--

57.3 t18.0+ t i:

; 211.4 -0.768
·18.4 + t i = 63.5 t

8 The equations are based on Milwaukee rainfall datB for the 64·year period
of 7903 to 1966. These equations are applicable, within an accuracy of
± 10 percent, to the entire Southeastern Wisconsin Planning Region.

b ; ,.. Rainfall intensity in inches per hour.
i-Duration in minutes.

Source: SEWRPC.

Table C-2

WEIGHTED RUNOFF COEFFICIENTS FOR USE IN THE RATIONAL FORMULA

Hydrologic Soil Group

A B C D
Percent

Slope Range (percent) Slope Range (percent) Slope Range (percent) Slope Range (percent)Impervious
Land Use Area 0-2 2-6 6 & Over 0-2 2-6 6& Over 0-2 2-6 6 & Over 0-2 2-6 6& O~er

Industrial. .. · . 90 0.67 0.68 0.68 0.68 0.68 0.69 0.68 0.69 0.69 0.69 0.69 0.70
0.85 0.85 0.86 0.85 0.86 0.86 0.86 0.86 0.87 0.86 0.86 0.88

Commercial ... 95 0.71 0.71 0.72 0.71 0.72 0.72 0.72 0.72 0.72 0.72 0.72 0.72
0.88 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.90 0.89 0.89 0.90

High-Density
Residential .. · . 60 0.47 0.49 0.50 0.48 0.50 0.52 0.49 0.51 0.54 0.51 0.53 0.56

0.58 0.60 0.61 0.59 0.61 0.64 0.60 0.62 0.66 0.62 0.64 0.69

Medium-Density
Residential .... 30 0.26 0.28 0.31 0.27 0.30 0.35 0.30 0.33 0.38 0.33 0.36 0.42

0.33 0.37 0.40 0.35 0.39 0.44 0.38 0.42 0.49 0.41 0.45 0.54

Low-Density
Residential. . · . 15 0.14 0.19 0.22 0.17 0.21 0.26 0.20 0.25 0.31 0.24 0.28 0.35

0.22 0.26 0.29 0.24 0.28 0.34 0.28 0.32 0.40 0.31 0.35 0.46

Agriculture.... 5 0.08 0,13 0.16 0.11 0.15 0.21 0.14 0.19 0.26 0.18 0.23 0.31
0.14 0.18 0.22 0.16 0.21 0.28 0.20 0.25 0.34 0.24 0.29 0.41

Open Space ... 2 0.06 0.10 0.14 0.08 0.13 0.19 0.12 0.17 0.24 0.16 0.21 0.28
0.11 0.16 0.20 0.14 0.19 0.26 0.18 0.23 0.32 0.22 0.27 0.39

Freeways and
Expressways. · . 70 0.57 0.59 0.60 0.58 0.60 0.61 0.59 0.61 0.63 0.60 0.62 0.64

0.70 0.71 0.72 0.71 0.72 0.74 0.72 0.73 0.76 0.73 0.75 0.78

Source: SEWRPC.
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Figure C·,

POINT RAINFALL INTENSITY·DURATION·FREQUENCY CURVES FOR MILWAUKEE. WISCONSINa

(ARITHMETIC SCALES)

~
\~\
,\~
\\~~~
\ ,,\;~\ ~

\
r'-.."~0:::~~
"'"~r::::l"': t:::::t'--1~kNTERVAL.'N YEARS

~ r--.::h:- OO r---
I'-- --- r-=::~~t---:"r----r--r--- r----

IO

-r--- 5-

2

I
I

'0

4

o
o 10 10 .0 40 .0 80 70 00 '0 '00 110 .10 '50 lAO 100 170 100

TIME OF OUltATION - IN MINUTES

~51--+--+--j--+-+--+--+--+---1---1--+--+---1--+--+--+--t--+---+--t---I

e
!

a The curves are based on Milwaukee rainfall data for the 64·year period of 1903 to 1966. These curves are applicable within an accuracy of
t 10 percent to the entire Southeastern Wisconsin Planning Region.

Source: SEWRPC.
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Figure C-2

POINT RAINFALL DEPTH·DURATION
FREQUENCY RELATIONSHIPS IN THE REGION

AND THE PIKE RIVER WATERSHED

Figure C-3
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Figure C-4

SEASONAL VARIATION OF RAINFALL EVENT DEPTH IN THE REGION AND THE PIKE RIVER WATERSHED
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Appendix D

HYDROLOGIC-HYDRAULIC SUMMARY FOR STRUCTURES ON THE PIKE RIVER AND
SELECTED MAJOR TRmUTARIES: 'EXISTING ,LAND USE AND EXISTING CHANNEL CONDITIONS

Table D·'

HYDROLOGIC-HYDRAULIC SUMMARY-LOWER PIKE RIVER: EXISTING LAND USE AND EXISTING CHANNEL CONDITIONS

Structure ldentificatkm and Selected Characteristics lo-Yeer Recurrence lntervel Flood 50·Year Recurrence Interval Flood lDO-Year Recurrence Interval Flood

Structure Recommended Instantaneous Upstream Downstream Depth at Low Depth on Roed Instantaneous Upstream Downstream Depth at Low Depth on Road Instantaneous Upstream Downstream ,I Oop,h" Low IIOop,h on Rood
Tvpeand Design Adequate Peak Staged S_d Point in Bridge at Cel'lteliioe Peak S_d S_d Point in Bridge ateel'lt'rUne Peak Staged Staged Point in Bridge at Centerline

River Hydraulic Frequency Hydraulic Discharge (feet above lfeet above BackwaterC Approech Roed of Bridge Discharge lfeetabove (f..tabove BackwaterC Approach Road of Bridge Discharge fteetabove (feetabow 8ackwaterC ApprOllCh Road of Bridge
Number Name Mile Signlficance8 lyearsl Capacitvb lefs) mol mslt (feed 'feed (feet! (chI msll msll (feet I lfeed (feed lchl mol msll (feet! (feet! lfeed

100 STH 32/Alford 0.21 IS 50 v.. 1,920 581.6 581-,0 0.6 3,060 582.7 581.1 1.6 3,720 583.6 581.1 2.5
Park Drive

105 5TH 32/Sheridan Road 1.35 IS 50 V.. ',880 585.5 "'.4 '.1 3,060 585.9 585.4 0.5 3,820 586.6 586.2 0.4
110 Footbridge 1.52 11 1,880 31l6O 3,820

115 Drive to 1.70 's 10 V.. 1,880 586.1 588.6 0.3 31l6O 587.2 586.6 0.6 3.620 588.2 587.3 D.•
Carthage College

'20 5TH 3215. 32nd Street 1.79 IS 50 V.. 1,880 586,8 586.1 0.7 3,060 588.4 587.2 '.2 3.620 589.6 588.2 1.4

12S Footbridga 2.46 11 1,880 3,130 3,850
12SA Footbridge 2.69 11 1,880 3,130 3,850
130 Chicago & North 3J)4 IS 100 V.. 1,920 ..... 590.7 0.2 3,200 592.2 591.9 03 3,880 I 592.6 I 592.5 I 0.3

western Transportation
Companv

135 ICTH E/12'h s".., 1
327

1 's

I
50

1

V..

I
1,920

1
5

•
2

•

I
592.4

I
O.S

I I I
3,200

I
"'.8

I
593.7

I
1.1

I I I
3,880

I
5887 I 594.3

I
2.4

140 CTH Al7th Street 4.61 'S 50 V.. 1,8BO 598.1 597.6 0.5 3,120 599.7 599.0 0.7 3,740 600.4 599.6 0.8

'45 Lathrop Avenue 4.79 IS 50 No 1,700 598.7 598.2 0.5 D.• 2_ 600.2 599.9 0.3 2.4 3,450 600.9 600.7 0.2 I 3.1
150 Chicago, North Shore & 4.88 IS 1,700 599.0 598.7 0.3 2,_ 600.• 600.2 0.7 3,450 601.8 600.• D.•

Milwaukee Railroad
labandoned)

ISS Privete Bridge 4.92 11 1,700 2_ 3,450
160 Private Bridga 5.00 11 1,660 2,830 3,400
165 Private Bridga 5.04 11 1,660 2.830 3,400
170 Private Bridga 5.12 11 1,660 2.630 3,400
175 Private Bridge 5.31 11 1,660 2,830 3,400

177 Kenosha Country 5.31 2S 1,660 2,830 3,400
Club Dam

'80 Private Bridge 537 11 1,660 2,830 3,400

'85 Private Bridge 5.40 11 1,660 2,830 3,400
,90 Private Bridge 5.44 11 1,BOO 2,760 3.420

'95 Private Bridga 5.52 11 1,BOO 2,760 3,420
200 Private Bridge 5.59 11 1,BOO 2,760 3,420

205 CTH y /22nd Avenue 5.63 1S 50 V.. 1,BOO 602.8 602.3 0.5 2,760 605.0 603.1 I.. 3,380

I
806.4 600.5

I
2 .•

210 CTH GlWood Road 6.60 IS 50 V.. 1,BOO 614.6 614.0 0.6 2,780 6t6.4 615.3 1.1 3,420 617.1 616.0 1.1
215 CTH A/7th Street 6.96 'S 50 V.. 1,BOO 616.5 615.8 0.7 2,780 6t8.4 617.4 1.0 3,420 619.3 618.1 1.2
220 Petrifying springs 8.26 'S 10 V.. 1,BOO 630.1 629.6 0.5 2,780 631.1 629.6 1.3 3,420 63t.6 630.1 1.5

Park Road
22S Footbridge 8.34 11 1,BOO 2,780 3,420

230 Footbridge 8.48 11 1,570 2,710 3,320
235 Footbridge 8.6' 11 1,570 2,170 3,320
245 Footbridge 8.80 11 1,570 2,710 3,320
245A Footbridge 8.93 11 1,570 2,710 3,320
250 Park Drive, Footbridge 9.07 2S 1,570 2,710 3,320

and Control Structure
255 Petrifying springs 9.39 'S 10 V.. 1,570 639.3 638.8 0.5 2,710 641.0 640.2 0.8 3,320

I
6422 I 640.8

I
'.4

I
0.8

Park Drive
280 CTH A/7th Street 9.55 IS 50 V.. 1,570 641.0 640.7 0.3 2,710 643.2 642.5 0.7 3,320 644.4 843.5 D.• 0.8

asrructure r:ot*, are .. follOWl: ,-bridtJe Dr cuillflrr; 2-dam.,III,Dr Wf/ir. H'IdrauliClllly Ii{Jnificant structure, are denoted by an S;hydrauliClllfy inli(Jnificant structure, are denoted by an I.

bA br. hil' lIrt adequllte hydraulic C8INICiry if it will rem';n OI»n duri", II flood hlJvil1lll1 recurrence inter"" equill to or Itt" than tIN ftICOmmtJrtd«l dIJIifIn frequanc'l. A bridgIJ i' hydrauliulfy ifllJdlJqUilr- if thlIlII1PfDM:h rOMJ or bridge dlIck i, ollflrtO(lfllJd by II flOOd havil1lllJrecu~ inte~ lIqUlll to Dr'" thIJn thereco~"ignfrtltlUllflCY.

CBdWIJr-r i, definft/ IJI the c"."". in.,. from the up."..", ,idll of rIrfI hydraulic ,tructu,. to the downsrrellm 'idfl.

dTM flood ,uge indiclltf1d rep,..ntl the WlJter wrftJcIJ eJellet/on approllimatelY 100 feat from the bridge.

0- Source: SEWRPC.....
.....
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Table 0-2

HYDROLOGIC-HYDRAULIC SUMMARY-UPPER PIKE RIVER: EXISTING LAND USE AND EXISTING CHANNEL CONDITIONS

Structure Identification and selected Characteristics 10-Year Recurrence Interval FloCld 50·Year Recurrence Interval Flood l00-Year Recurrence Interval Flood

Structure Recommended Instantaneous Upstre~ Downstream Depth at Low Depth on Road Instantaneous Upstream Do;:,:~am Depth It Low Depth on Road Instantaneous Upstream Downstream ,IO",.h .. L~,IO",th DO Rood
TVpe and Design Adequate Peak St... Staged Point in Bridge at Center!ine Peak Staged Point In Bridge at Centerline Peak Staged Staged Point in Bridge at Centerline

River Hvdraulic Frequency
~~:~~;~

Discharge (feet above lfeetabove BackwaterC Approach Road cfBridge Discharge (feel above (feet above BackwaterC Approach Road of Bridge Discharge (feet above (fe.lIbove BackwaterC ApproKh Road of Bridge
Number N~. Mile Significance· (yean) Ids} msll msll (feetl (feet) (feetl {cis} msll msll (feed (feet) (feed (ets) mill msll (feet I (feetl Ifeetl

2.5 5TH 311 2,050 652.3 650.2 2.1 2,550 653.5 .50B 2.7
Green Bay Road 10.38 IS 50 V.. 1,150 650.0 648B 1.2

270 CTH KRI 11.15 IS 50 No 1,080 655.8 655.0 DB 1,980 657.3 656.3 1.0 1.2 2,440 657.7 656.9 0 .• I 1.. 0.2
CountY Line Road

272 Private Bridge 11.56 " 1,080 1980 2,_
275 Braun Road 12.23 .s 50 V.. 880 662.0 661.6 0.4 1,700 665.5 663.8 1.7 2,020

1
... ·1

664.3 2.3
280 Private Bridge 12.99 " 7.0 1,550 1.BOO
28. 5TH 11 fDurend Road 13.29 IS 50 V.. .70 665.9 665.9 0.0 1,410 668.7 668.5 0.2

,_
669.2 669.0 0.2

290 Chicago, Milwaukee, 13.72 " 100 V.. 460 1,100 1,300
St. Paul &Pecific
Reilroad Company

295 Oakes Road 14.51 IS 10 V.. 380 674.5 669B 4 .• • 30 678.8 673.2 5.• 2.2 1.• 1,100 679.1 673.9 5.2

1
2.5

1
1.8

300 5TH 20/5. 20th Street 14.94 IS 50 V.. 320 676.0 675.9 0.1 830 680.1 679.7 0.4 980 680.• 680.1 0.5
305 Private Bridge 15.00 IS 320 676.4 676.0 0.4 830 681.4 680.1 1.3 0.3 0.3 980 682.0 680 .• 1.4 0 .• 0 .•
3'0 Footbridge 15.15 " 300 7.0 9Dll
315 Private Bridge 15.29 IS 300 678.4 678.2 0.2 760 683.8 682.6 1.2 9Dll 884B 683.3 1.5
320 Private Bridge 15.77 " 250 600 700
370 spring Street 16.24 IS 10 V.. 140 681.6 680.7 0 .• 320 686.5 684.1 2.4 450 687.6 685.0 2.8 I 0.5 I 0.3

IIStnJctu,. codes II" IlS follows: '-bri. or culvert; 2-dllm, sill, or weir. HydrlwJicIIJly ,i(JnificMlt structures tire iMnotfld by l1II S;hydr-IiCllIIy insignifiCMJt structure, MIl dflnOtfti by an I.

bA bridp hIlS l1II adfIqUIlr. hydTllul/c ClIP"iry if it will tflrmlin o".n during II flood hllvingll t'fICurtfl"" intefYIII «/UIII to or leu thl1ll the tf/COmfMnded iMsign ffftlllMcy. A brnJ,. is hvt/reuliu/ly inMi«lUllr. if the II/1INOllCh rOlld orbr.d«:k is overtrJPp«/ by II flood haIling II tflCtJrtflm:. interlllJI equal to or la" thsn ths rtICOmmanded tift;." ftflquancy.

c8lIcJc_tar is iHfinad IlS tha change in st. from tha upstream side of the hydr.ul/c structutfl to m. downstream side.

d rM flood st. indicllted tflp,.,."rs the Wllrar wrfaca tlleWltiOn ll/JProJtirmlttlly tOO fMt from thtt br~.

SDuree: SEWRPC.

Table 0-3

HYDROLOGIC-HYDRAULIC SUMMARY-KENOSHA BRANCH: EXISTING LAND USE AND EXISTING CHANNEL CONDITIONS

Structure Identification and selected Characteristics 10·Year Recurrence Interval Flood 50·Year Recurrence Interval Flood 1oo-Year Recurrence Interval Flood

Strucwre Recommended Instantaneous Upstream Downstream Depth at Low Depth on Road Instantaneous Upstream Downstream Depth at Low Depth on Road Instantaneous Upstream Downstream Depth at Low Depth on Road
Type and Design Adequate Peak S_d Staged Point in Bridge at centerline Peak Staged Staged Point in Bridge at centerline Peak Staged S_d Point in Bridge at centerline

Number I I River Hydraulic Frequency Hydraulic Discharge (feet above (feet above BeckwaterC Approach Road of Bridge Discharge (feet above lleetabove 8ackwsterC Approach Road of Bridge Discharge (feet above Ifeetabove BackwaterC Approach Road of Bridge
N~. Mila Significancea (years) C8pacitYb (cis) mOl msll lfeetl Ifeed (feet) (clsl msl) msl) (feed (feed (feed Icfsl mol msl) lleed (feetl (feet)

1200 12011> A",o", .1 0.7. IS 50 No 24. 607.4 602.2 ..2 40S 610.3 602B 7.5 0 .• 0.5 525 610.6 603.0 7B OB 0.•
1206 Private Bridge OB2 11 245 455 526
1210 Chicago, North Shore & 0.87 IS 120 608.3 607.5 OB 325 611.9 610.4 1.5 395 613.0 610.7 2.3

Milwaukee Railroad
(abandoned I

1215 ICTH Yf22nd Avenue I 090 I IS I 50 I V.. I 120 I 608B I 6083 I 0.5 I I I 326 I 614.8 , 611.9 I 2.9 I I I 3•• I 617.3 I 613;D I 43
1220 25th Avenue 1.1 11 120 325 395

IIStructure codas lire as follows: '-bridgtt or culvert; 2-d11m,sill, or weir. Hydr.uliCBIIy signifiunt structures.,. iMfIOtfld by lin S;hydrlltJllc.lly in,ignifiCBnt structuf't1S Bre iMnotad by lin I.

bA br. has lin lIdeqUllr. hydrllUlic ClIP"itY if it will remain optJrJ during II flood hllving II recurrence inr.rlllJl equIII to or Ia" thlln tM tfICOlfImendeddesi(Jn frequency. A bridge is'hydraulicllily ifllldflqUllte if the llPPrDM:h fOIId or bridt/6d«:k is overtoppttt} by B flood heving a recurrence inrarlllJl eqUlll to ()t' _ thlln "the recommended design ftflquancy.

cSlICk_rar is iMfinfld as the chsnge in stBgII from the upstntBm siiM of tIItt hydrllUlic strucrutfl to the dowfI$tTNm side.

d The flood sUtge indiCllted rllprtlSflntl the warar sur/llCea/eRtian IIP/1roKirmltely 100 feet from the bridge.

SDurce: SEWRPC.



Table 0-4

HYDROLOGIC-HYDRAULIC SUMMARY-SORENSON CREEK: EXISTING LAND USE AND EXISTING CHANNEl CONDITIONS

Structure Identification and selected Characteristics lO·Year Aecurrence lnterllill Flood 50-Yeer Recurrence Interval Flood l00-Year Recurrence Interval Flood

Structure Recommended Instantaneous u~:~;~m
Downstream Depth at Low Depth on Road Instantaneous Upstream DO;t::~am Depth at Low Depth on Road 10"'""'0~'1 up"".m.1 Oowo",..mI ,I Oopth .. Low I Oopth 00 Ro.dType and Design Adequate Peak Staged Point in Bridge at Centerline Peak S_d Point in Bridge at Centerline Peak Staged Staged Point in Bridge at Centerline

River Hydraulic Frequency Hydraulic Discharge (feet above (feet above Backwater(: Approach Road of Bridge Discharge (feet above (feet above Backwatel Approach Road of Bridge Discharge (feet above (feet above Backwatel Approach Aoad of Bridge

Number Name Mile Significancea (years) Capacityb (dsl msll msll (feet) (feetl (feet! (ctsl msJ) msl) (feet) (feet) (feed (cts) msl) mslt (feet! (feet! (feet)

1000 Private Bridge 0.03 11 360 740 860

1005 Private Bridge 0.92 11 400 790 940

1010 CTH KRt 1.56 IS 50 V" 400 611.6 610.4 1.2 790 615.5 611.2 4.3 940

I
617.0

I
611.2 S.9

I
0.1

I
0.1

County Line Road
1015 Private Bridge 1.67 IS 400 613.2 612.6 0.6 790 615.B 615.6 0.2 2.3 2.3 940 617.1 617.0 0.1 3.6 3.6
1020 Chicago, North Shore & 1.96 IS 400 614.7 613.9 0.9 750 617.2 616.2 1.0 980 619.4 617.4 2.0

Milwaukee Railroad
(abandoned)

1025 Private Bridge 2.37 IS 400 621.2 619.4 1.9 700 623.3 620.9 2.4 0.9 0.9 910 623.6 621.6 2.0 1.2 1.2
1030 Lathrop Avenue 2.62 IS SO V" 400 626.0 623.3 2.7 700 628.1 625.0 3.1 910 628B 625.4 3.4
1035 Chicory Road 2.93 IS 50 V" 390 636.8 630.2 6.6 650 637.0 631.3 5.7 740 637.2 631.7 S.5 0.7 0.7
1040 Private Bridge 3.03 IS 390 636.9 636B 0.1 1.3 1.3 610 637.4 637.1 0.3 1.9 lB 690 637.6 637.2 0.4 2.0 2.0
1045 Pleasant Lane 3.15 IS 10 No 390 638.6 637.2 1.4 0.4 0.4 610 638.9 637.7 1.2 0.7 0.7 690 638.9 637.9 1.0 0.7 0.7
1050 Taylor Avenue 3.49 IS 50 No 385 650.4 645.5 4.ge

570 652.2 646.3 5.ge 0.1 620 652.4 646.S 5.ge 0.2 0.2

aStructure r:oc/8s are as follows: 1-bridp or culvert; 2-dam,silf, or weir. HydrauliClllfy significant structures are denot6d by- an S;hydraulically invgnificant structures art! denoted by an I.

bA bridge has an adaquate hydraulic capacitY if it will remain open during a flood having a recurrence interval equal to or Ittu than tha recommsnded design frequency. A bridge is hydraulicalfy inad8quate if the approach road or bridge deck is Ovtlrropped by a flood having a recurrence intBrval equal to or less than thtl recommended design frequency.

CS«k_ter is defined as thfl clump in stage from the I}fntrll8m side of the hydraulic structure to thtl downstream side.

d The flood stage indicated represents thfl _ter surfllCf1 e"vation approximately 100 fNt from the bridl/tl.

eThtlre is a diffenmce in strflamb8d elt1l1l1tion of approNimately 4.5 feet btltween thfl upstrflam side and the downstream side of thtl Taylor Avenue bridge.

Source: SEWRPC.

Table 0-5

HYDROLOGIC-HYDRAULIC SUMMARY-NELSON CREEK: EXISTING LAND USE AND EXISTING CHANNEl CONDITIONS

Structure Identification and Seleeted Characteristics 10·Year Recurrence Interval Flood 50-Year ReCtJrrence Interval Flood 100-Year Recurrence Interval Flood

Stl'\Jcture Recommended Instantaneous Upstream
DC;:;:J

am Depth at Low Depth on Road Instantaneous
u~:;:~m

Downstream Depth at Low Depth on Road Instantaneous U;ts~:~m DO;t::~am Depth at Low Depth on Road
Tvpe and Design Adequate Peak Staged Point in Bridge at Centerline Peak Staged Point in Bridge at Centerline ...k Point in Bridge at Centerline

Number I River I: Hydraulic Frequency Hydraulic Discharge (feetabow {feetabow BackwaterC Approach Road of Bridge Discharge (feet above (feetabow BackwaterC Approach Road of Bridge Discharge (feet above (feet above BackwaterC Approach Road of Bridge
Name I Mile SignificanceOi (yearsl Capacityb lchl msll msll (feet) (feetl (feet! (ch) msll msll (feet) (feetl (feed lchl msl) msll (feed (feed (feed

1100 1 Private Bridge I 0.05 1 IS 70 602.8 597.8 S.O 0.2 125 603.0 599.2 3.8 OA 0.2 145 603.1 599.5 3B O~ 0.3
1105 Chicago, North Shore & 0.12 IS 70 602.9 602.8 0.1 125 603.3 603.0 0.3 145 603.5 603.1 0.4

Milwaukee Railroad
(abandoned I

1110 Private Bridge 0.15 11 70 125 145
1115 Lathrop Avenue 0.44 IS 50 V" 70 608.6 606.9 1.7 125 609.7 607.3 2.4 145 610.1 607.4

I
2.7

1120 Lathrop Avenue 0.55 IS 50 V" 70 610.9 608B 2.1 125 612.0 609.8 2.2 14S 612.7 610.2 2.5
1125 Lathrop Avenue 0.62 IS 50 No 70 614.6 610.9 3.7 0.2 0.2 125 615.0 612.0 3.0 0.6 0.6 14S 615.1 612.7 2.4 I 0.7 I 0.7
1130 CTH KRt 0.80 IS 50 V" 65 617.0 614.8 2.2 115 617.4 615.3 2.1 130 617.6 615.4 2.2

CountY Line Road
1135 Private Bridge 1.27 11 60 100 110
1140 Private Bridge 1.63 11 60 95 IDS
1145 Private Bridge 1.67 11 60 9S 105

aStrucwre codes arfl as follows: '-bridge or culvert,' 2-dem,sill,or WlIir. Hydraulically significant structures are denoted by an S;hydraulically insignificant structures are denoted by an I.

bA bridge has an adequate hydraulic cepeciry if it will remain open during a flood having a recurrence intervtJl equal to or less than the recommendtld dtlsign frequency. A bridge is hydraulically inadequate if the approach road or bridge deck is overtopped by 11 flood having a recurrence intervtJl equal to or less than the recommended dBsign frequency.

cBackwater is defined liS tIN change in st. from the upstream side of the hydrtJulic structurfl to the downstream side.

~ d The flood stage indicated fflfJresents the _ter surface e/evtJtion epproximately 100 feet from the bridge.....
llQ Source: SEWRPC.
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Table 0·6

HYDROLOGIC·HYDRAULIC SUMMARY-PIKE CREEK: EXISTING LAND USE AND EXISTING CHANNEL CONDITIONS

Structure Identification and Selected Characteristics 10-Year Recurrence Interval Flood 50-Year Aecurrence Interval Flood 100-Year Recurrence Interval Flood

Structure Aecommended Instantaneous Upstream Downstream Depth at Low Depth on Road Instantaneous
u;:~:~m

Downstream Depth at Low Depth on Road Instantaneous Upstream Downstream Depth at Low Depth on Aoad
Type and Design Adequate Peak Staged Staged Point in Bridge at Centerline Peak Staged Point in Bridge at Centerline Peak Staged Staged Point in Bridge at Centerline

River Hydraulic Frequency Hydraulic Discharge (feet above (feet above BackwaterC Approach Road of Bridge Discharge (feet above Ifeet above BackwaterC Approach Road of Bridge Discharge (feet above (feet above BackwaterC Approach Road of Bridge
Number ,,,.,,, Mile Slgnificancea (vearsl Capacitvb (ds) msll msl) (feet) (feet) (feed (cfs) msll msn (feet) (feet I (feet) (cfs) msll msl) (feetl (feetl (feetl

500 5TH 31/Green Bay Road 0.05 1S 50 No 600 641.6 641.4 0.2 1,000 643.9 643.6 0.3 0.4 1,150 644.8 644.7 0,1 1.3 0,8
505 Private Bridge 0.89 11 620 1,060 1,270
510 Private Bridge 1.42 11 650 1,160 1,400
515 CTH E/12th Street 2.13 1S 50 V" 600 661.6 661.3 0.3 1,040 663.3 662.7 0.6 1,250

6640 I 663.1 0,.
520 Town of Somers 3.17 1S 10 No 600 670.3 669.1 1.2 1.0 1.0 1,040 611.3 670.6 0,7 2,0 2.0 1,250 671.5 671.0 0.5 2.2 2,2

Transfer Station
525 Chicago & North 3.29 1S 100 V" 600 670.5 670.4 0.1 1,040 671.6 671.5 0.1 1,250 672.0 671.8 0.2

Western Transportation
Company

530 CTH LlLichter Road 3.34 1S 50 V" 600 670.7 670.6 0.1 1,040 672.1 671.8 0,3 1,250 I 672.5 I 672.1 I 0.4
535 Private Bridge 3.98 11 450 770 940
540 Prill8te Bridge 4.12 11 450 770 940
545 Private Bridge 4.24 1S 450 673.0 672.9 0,1 0.6 770 674.0 673.9 0,1 1.6 0,. 940 674.2 674.1 0.1 1.8 I 1.1
550 5TH 142/5. 43rd Street 4,86 1S 50 V" 360 674.5 673.9 0.6 600 676.5 675.0 1.5 740 676.9 675.4 1.5 0.5
555 Footbridge 4.90 11 360 600 740
560 5TH 158/52nd Street 5.90 1S 50 V" 230 675.6 674.7 0.9 380 679.0 676.5 2,5 420 679.9 676.9 3,0
565 CTH K/60th Street 6.45 1S 50 No 250 682.2 680.3 1.. 0,6 510 682.4 681.2 1.2 0.8 610 682.5 681.4 1.1 I 0,9 I 0,1
570 Chicago,Milwaukee, 6.85 1S 100 No 250 685.0 682.2 2,8 0,2 0,2 510 685.1 682.5 2,6 0,3 0,3 610 685.1 682.5 2.6 0.3 0,3

St. Paul & Pacific
Railroad CompanV

aStrucwre caMs lire as follows: '-bridge or cull/6rt; 2-dam, siIJ, or WfJir. Hydraulically significant structures are denoted by an S;hydraulicalfy insignificant structures are denoted by an I.

bA bridge has an adt!quate hydraufic capacity if it will remain open during a flood hailing a recurrence interlf8f equal to or feu than rhe recommended design frequency. A bridge is hydraulically jnlldequate if the approach road or bridge dBck is Ol/6rropped by a flood hailing a recurrence inrefllal equal ro or leu than the recomnumded riesif/rJ frequency.

cBackwarer is defintHI as rhe change in stage from rhe upsrreem sida of the hydflJulic srructure to the doWtJstffNIm side,

d The flood stage indicated repreSflnrs thtt watBr surface ttlellllrion approl(imetely '00 fHt from rhB bridge.

Source: SEWRPC,

Table 0·7

HYDROLOGIC·HYDRAULIC SUMMARY-SOMERS BRANCH: EXISTING LAND USE AND EXISTING CHANNEL CONDITIONS

Structure Identification and Selected Characteristics 10-Year Recurrence IntefllBl Flood 50·Year Recurrence IntefllBl Flood l(J()-Year Recurrence IntefllBl Flood

Structure Recommended Instentaneous Upstream Downstream Depth at Low Depth on Road Instantaneous Upstream Downstream Depth at Low Depth on Road
'''''''''00", 1""otre.m .1 Oow'otre.m 1 ,lOOP'" " LowlOop'" DO RoodType and Design Adequate Peak Staged S_d POint in Bridge at centerline Peak Staged Staged Point in Bridge at centerline Peak Staged Staged Point in Bridge at centerline

Number I IRiwr Hydraulic Frequency Hydraulic Discharge (feetabow (feetabow BlickwaterC Approach Road of Bridge Discharge (feet above (feet above BackwaterC Approach Road of Bridge Discharge (lut above (feet abOl/El BackwaterC Approach Road of Bridge
N~. Mile Significancea (years) CBpacirvb (cfsl msl) msl) (feed (feet I (feed lcfs) msll msll ffeet) (feet) (feet) lefs) msll msll (feet) (feet) (feet)

800 IP" .... 8"'" I006
11 90 170 216

805 Private Bridge 0.53 11 85 170 215
810 Chicago & Nonh 0.69 1S 100 V" 80 689.0 668.8 0,2 160 670.3 669B 0.5 210 I 670B I 669.9 I 0.9

western TransPortation
Company

815 ICTH EAI9O," Street

I

'll

I

1S

I

50

I

V"

I

86

1

6734

I

673.4

I

0,0

I I

170

I

674.6

I

674.5

I

0,1

I I I

220

I
6751

I

675.0

I
0,1

820 Private Bridge 1.43 11 10 20 45
825 Prill8te Bridge 1.77 1S 10 688.6 688.1 0.5 20 86.2 688.6 0.6 45 6902 689.4 0,8
830 Private Bridge 1.94 11 10 20 40
835 Chicago, Milwaukee, 1.95 1S 100 V" 45 6917 690.8 0.9 115 6924 691.1 1.3 160 6934 691.4 2.0

St. Paul & Pacific
Railroad Company

840 I Private Bridge I 2,31 I 11 I I I 45 I I I I I 115 I I I I I I 160

·Structure codes a", as follows: 1-brit/gB or culwn; 2-dam, sill, or WIIir. Hydraulically significant srructures 8ffJ danoted by an S;hydraulically insignificanr structures 8ffJ denoted by an I.

bA br. has an adMluatB hydraulic capBCitv if it will remain open during a flood hailing a recurrenu inrerval equal to or Ittu than the recommend«J design frequMCY. A bridge is hydraulically inadequa~if rhe approach. road or bridge deck is Ol/6rropped by a flood having a recurrence inrerlllll8qual to or feu rhan tllB recommtNlded design frequency.

cBackws~r is defined as thtt change in srage from the upsrream sida of the hydraulic srructure. ro rhe downstrNm side.

d The flood stege indicated represenrs the warer surface elevation appro}{imarely roo feet from tM bridge.

Source: SEWRPC.



Table 0-8

HYDROLOGIC·HYDRAULIC SUMMARY-AIRPORT BRANCH: EXISTING LAND USE AND EXISTING CHANNEL CONDITIONS

Structure Identification and Selected Characteristics to-Year Recurrence Interval Flood 50·Year Recurrence I"terwl Flood l00·Year Recurrence Interval flood

Structure Recommended Instantaneous Upstream Downstream Depth at Low Depth on Road Instantaneous Upstream Downstream Depth., low Depth on Road
'n,..n....oo, IUp...... , I-",trI ,I ""'th.t L~ I""'th on Road

Tvpeand Design Adequate P.... Staged Staged Point in Bridge at Centerline Poak .....d .....d Point in Bridge at Centerline Peak Staged Stege Point in Bridge at Centerline

Number I I River Hydraulic Frequency HVdrauli<: Discharge (feetabow (feet above Sackwate'C Approach Road of Bridge Discharge (feet above Ueetabove BlICkwaterC Approach Road ot Bridge Discharge (teet above (feet above BackWfla,c Approach Road of Bridge
N... Mile SignifiCllflce8 lveanl CaPacityb Ids) msH msll lfeet) (feed (feed (cfs) mill msl) l'eetl ('"'' (feed lefs) mtll mill (feet) (feet) (feet!

900 IP,;.... 8,;d.. I 0.18 tI 190 315 355
905 P,ivale Bridge 0~9 11 190 315 355
910 Chicago. Milwaukee. 0.14

"
100 V.. 260 676.2 674.7 1.5 550 677.9 676.5 I.' 555 I 679.3 I 876.9 I •..

St. Paul a Pacific
Rallraed eomp.nv

·Strut:ture eodft .,. ., follOM: 1-",. or allven: 2-dMt••m,"'..u.~/;mlysipifJunt nlUt:tfJ,.,.,. dMtoted bv'" S;h~wllf211yimlfnJficMt ,tnH:tufft.,. dMotwi by." I.

bA IN. "-.,, "In" hvdr_I1ic c#!PKiry jf it will""";n flPMJduri",.· f/oDd 1M";",.teQI~in"""""'" rotH '-II thM the r«om"."dlddtnign """"'cv. A IN. i6 hydrMIlk.t1Y~teiftM~rNdor~d«:ki6o~by. fIoodhni",. f'tIt:fI~in...., to or _",.".the~...~.

clIM:It.".rer i, .fiMt/., 1M c".,.,. in s,.,. from tM~,,*of tIN hydrwlif: mucruIW to tIwdown""""~_

d,.". flood st. indiutWI ,.",.,.,."t/WtN. IfIrf~.-.rion #!PPtO.""""/v 100 Iftt from "."".,...

~: SEWRI"C.

Table D·9

HYDROLOGIC-HYDRAULIC SUMMARY-LAMPAREK DITCH: EXISTING LAND USE AND EXISTING CHANNEL CONDITIONS

Strucwre ldenlification and $eIKleeI Characteristics la-Year Recurrence Inle",.1 Flood 50·Yeer Recurrence Interval Flood l00·Y.... RecUrrence Inler¥et Flood

SINewre Recomrrillnded Instanteneous U........
~:~m

Deplh al Low Deplh on Road Inslantaneous Upstream Downst,..m Depth al Low Depth on Road Instantaneous Upstream Downstream ,I Depth at L~,I ""'th on Road
Tvpeand Design Adequate P.... .....d Point in Bridge at centerline Peak .....d .....d Point in BridgI at centerline ..... ...,.d • ....d Point in Bridge at Centerline

I::r Si:~:~:8
Frequencv HVdraul~ Discharge lfeetabove (feet above Backwate,c Approach Road of Bridge Discharge IINt.bow (feetllbove BackwaterC Approach Road of Bridge Discharge (feel above lfeel above BackwaterC Approach Road of Bridge

Name (vearsl Capacity Ichl msll msn (feed (feet) (feed lchl msn msn Ifeed (feed (feed (clsl msn msn Ifeed lfeetl lfeet)

700
"

.5 554.7 662.5 2.2 140 558.0 554.2 3" 205 ..... 664.9 '.7
705

"
100 V.. 25 669.6 557.5 2.1 140 673.5 669.0 4.5 205 673.8 670.2 3..

710

1 ' .56 " I
50 V..

I
20 I 680.8 I

680.'

I
0.'

I I I
120

I 682' I 682.1

1
0.3

I I I
170

I
683.0

j
68'"

I
0.'

715 2.12 11 20 110 155
720 2.26 " 100 V" 20 699.0 697.2 '" 100 702.5 ..... 3.7 140 703.2 699.4 3 ..

725 I I I 130
730 0" 115 I 712.0 I 711.1 I 0.9

aStructure CO*, an N follow,: 1-bridflll or cui""': 2-dam.,ifI. or weir. Hydraulic."y ,ignifiunt ,tructutW,an danot«l by an S;hydrauliclllly insignificant structure, an danoNd by.n I.

bA br~ hal an 8d«Iuar. hydrllUlic upM:ity if it will fflmai" optIn during a flood ha"i",. rru:urreflCfl inter.,.l«Iulll to or IBn tha" 1M recommendttd dtlsign frfIQuency. A britlp i, hydrauijullY inadequate if tlNl.protlCh nMd Of" bridtl- t*dc i. o.,.1'fOIII»d by a flood haviltf/a rru:urreflCfl intflrvel «lUll' to or"u tlMn the recommMdftJ de.,.", ftrlqUflncv.

cSadcrnrer i, defined as the ehMJffl in st. from"" u1J$tfelHn ,ida of thfl hydraulic structure to ttl. dOllllflnfftm .ide.

~ d Tlw flood.,.,. indicatftl represents 1M W41tw wrfllCtl eMNtion IIPPro.imately 100 f., from tM bridge.

Sourc-: SEWRPC.
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Table D-10

HYDROLOGIC-HYDRAULIC SUMMARY-CHICORY CREEK: EXISTING LAND USE AND EXISTING CHANNEL CONDITIONS

Structure Identification and Selected Characteristics 1().Year Recurrence Interval Flood 50-Year Recurrence Interval Flood tOO-Year Recurrence Interval Flood

Structure Recommended Instantaneous Upstream Downstream Depth at Low Depth on Road Instantaneous upstre~ Downstream Depth at Low Depth on Road '0'''0''0''''''1 up..,,~,ID~o"",m I ,I D.p," " Low ID.p,h 00 Ro""
Type and Design Adequate Peak S_d S_d Pointin Bridge at Centerline Peak Stage Staged Point in Bridge at Centerline Peak Staged Staged Point in Bridge at Centerline

Number \
River I Hydraulic Frequency Hydraulic Discharge (feet above (feet above Backwatel Approach Road clBridge Discharge (feel above (feet above BackwaterC Approach Road of Bridge Discharge (feet above ffeet above Backwatel Approach Road of Bridge

Name IMile Significancea lyearsl Capacityb lefsl msll msl) (feet) Ifeet) (feet! Ichl msll ' mstl lfeetl (feet) (feed (chI msll msll Ifeetl (feet) (feet)

600 IPrivate Bridge I02~1 11 3S 95 140
605 Chicago & North 0.46 IS lDO V" 3S 673.3 671.5 1.8 95 674.2 672.3 1.9 140 I 674.7 672.6 2.1

Western Transportation
Company

610 IPrivate Bridge

I
054

1
IS

I I
..

I
3S I 675.9

I
673.3

I
2.6

I I
85

I
677.6

I
674.2

I
3.4

I
0.8

I
0.8

I
12S

I
677.8

I
674.7

I
3.1 I 1.0 I 1.0

615 Private Bridge 0.62 IS .. 35 677.2 675.9 1.3 85 679.7 677.6 2.1 1.7 0.1 125 679.8 677.8 2.0 1.8 0.2
620 90th Street t.13 ,S SO V" 3S 684.7 683.8 O.g aD 685.5 684.0 I.S llS 686.0 684.2 1.8

"Structure codes aTe lIS follows: I-bridge or culvert; 2-dam, sill. or ~ir.Hydraulically sit/nificant sUUClUnn liTe dtmofBd by an S;hydraulicallv insignificant structures IJft1 danotfti by an I.

bA bridge has an adequa~ hydftJulic capacity if it will rtImain O/Un during a flood having a recurrence in~r".'equal to or 'eu than the recommended design frequtmcy. A bridp is hydfllUlically inadequate if the approach road or bridge deck is overtopped by a flood hill/ing a ~rrence inteflllliequal to or 'eu than the recommend«i design frequency.

c8«kWllter is defined lIS the ch"nge in st. from the upstream side of tM hydraulic structure to the downstream sifH.

d Tha flood stll/lfl indicattld represents the _rer surlM:tl ele".tion II/JProllimare/y 100 fHt from the bridge.

Source: SEWRPC.

Table D-11

HYDROLOGIC-HYDRAULIC SUMMARY-WAXDALE CREEK AND THE TRIBUTARY TO
WAXDALE CREEK: EXISTING LAND USE AND EXISTING CHANNEL CONDITIONS

Structure Identification and Selected Characteristics 10-Year Recurrence Interval Flood SO-Year Recurrence Interval Flood 100-Year Recurrence Interval Flood

Structure Re<:ommended Instantaneous Upstre~ Downst~am Depth at Low Depth on Road Instantaneous Upstream Downstream Depth at Low Depth on Road Instantaneous Upstream Downstream .1. Dop'h "L~ 1Dop,h 00 Road
Type and Design Adequate Peak Stage Stage Point in Bridge at Centerline Peak Staged Staged Point in Bridge at Centerline Peak Staged Staged Point in 8ridge at Centertine

River I: Hydraulic Frequency HYdraul~ Discharge (teet above lfeetabove BackwaterC Approach R0l!d of Bridge Discharge lfeetabove (teet above BackwaterC Approach Road of Bridge Discharge lfeetabove (feet above 8ackwaterC Approach Road of 8ridge

Number I Name IMile Significancea (yearsl Capacity (ctsl msll msl) lfeet) Ifeatl (feed letsl msll msil (feet) (feed (feed (chi msll msl) (feed Ifeet) (feet)

4DO ICh;,,,,,, & Nonh I 0.27 1 IS lDO V" 130 666.4 666.2
8 0.2 230 668.ge

668.9
8

0.0 250 669.5
8

669.5
e 0.0

Western Transportation
Company

I I I I I I I I I I I I I I I405 IWillow Road I 0.29 1 IS SO V" 130 666.5 666.4 0.1 230 1 668.9
8 668.ge

0.0 2SO 669.5
e

669.5
e

I 0.0
410 Chicago, Milwaukee, 0.47 IS lDO V" 270 667.2 666.8 0.4 S10 669.6 686.9 0.7 570 670.0 669.5 D.S

St. Paul & Pacific
Railroad Company

41S 18U
';.d Coodu;' I 0.51 I IS

I I I
270 I 6764

I
667.2

I
9.2

I I I
510

1

6773

I
669.6

I
1.7

I I
0.8

I
570

I
677.4

I
670.0

I
7.4

I I
O.g

420 Private 8ridge . 1.11 11 210 4DO 460
425 90th Street 1.23 IS 50 No 170 685.6 684.0 1.6 360 690.7 685.2 S.S 0.7 0.7 420 690.9 685.4 5.5 O.g D.9
430 CTH HlWisconsin Street 1.89 IS SO No 80 707.2 704.4 2B 240 710.6 704.6 6.0 1.0 300 710.9 704.8 6.1 1.3 0.1

"StructUrtI codes are lIS follows: I-bridge or culllen; 2-dam. sill. or ~ir. Hydraulically significant structures are denoted by an S;hydftJuliclIlIV insignificant strueturrn are denoted bv lin I.

bA bridge has an Bdequare hydraulic capacity if it will remain O/Un during a flood having a recurreflce iflterval equal to or less than the recomm6f1df1ddtlsigfl frequency. A bridge is hydraulically ifladeqUllte if thellPProach road or bridge deck is olo'8rtapped' bV a flOOd hilI/in, II recurrence intf1rlllll equal to or leu tlulfl the rect:immfJflded design frequency.

cBack_ter;s defifled as the chBflfIB in st. from fM upstream side of the hydraulic structure to the dOWnsffNm sidtl.

d The flood sr.ge indicattld represeflts tM water surface elelllltion IIpproximere/y 100 fetlt from tht1 bri*.

eThe flood st. indicated represents the water surface eIBlI8fion 0; the Pike Riller lit the confluence with Wexds/e Creek.

Source: $EWRPC.
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Table 0·12

HYDROLOGIC·HYDRAULIC SUMMARY-BARTLETT BRANCH: EXISTING LAND USE AND EXISTING CHANNEL CONDITIONS

Structure Identification and selected CharllCteristics 10-Year Recurrence Interval Flood 50-Year Recurrence Interval Flood 100-Year Recurrence Interval Flood

Structure Recommended Instantaneous Upstream Downstream Depth at Low Depth on Road Instantaneous Upstream Downstream Depth at low Depth on Road Instantaneous Upstream DO;t::aam Depth 8t Low Depth on Road
Type and Design Adequate Peak Staged Staged Point in Bridge at Centerline Peak Staged Staged Point in Bridge at Centerline Peak Staged Point in Bridge at Centerline

Number I 1 River Hydraulic Frequency Hydraulic Discharge lfeetabove lfeetabove BackwaterC Approach Road of Bridge Discharge (feet aboVe (feet above BackwaterC Approach Road of Bridge Discharge lfeetabove (feet above BackwaterC Approach Road of Bridge
Name Mile Significancea (veanl Capacitvb (cis) msll msll lfeetl ffeet! (feet! (c1s1 m,l) msll (feet! (feet! (feet! (c1sl msll msll (feet) (feet! (feet I

325 IPd,,'" Bdd.. I 012
IS 200 680.3 680.1 0.2 310 684.3 683.9 0.4 0.3 0.3 360 685.0 684 .• 0.1 1.0 1.0

330 Private Bridge 0.32 IS 200 680.6 680.4 0.2 310 684.3 684.3 0.0 I .• 360 685.0 685.0 0.0 4.4 2.6
335 Chicago & North 0.34 IS 100 V.. 200 680.9 680.6 0.3 310 684.B 684.3 0.5 360 685.7 685.0 0.7

Western Transportation
Companv

340 Stuart Road 0.53 IS 50 V.. 230 681.8 681.3 0.5 3B5 ....0 684.9 1.1 465

I
687.3

I
685.8

I
1.5

345 Footbridge 0.67 11 210 365 440

350 Clinton Lane Elttended 0.79 IS 10 V.. 160 684.3 681.9 2.4 240 ....2 686.2 0.0 1.4 275 687.5 687.5 0.0 I 2.7 I 0.7

355 Private Bridge 1.07 11 145 210 240

360 Footbridge 1.16 11 145 210 240

365 spring Street 1.21 IS 10 V.. 125 685.1 684.5 OB 175 687B ....3 1.3 195 I 689.0 I 687.5 I 1.5

IISrructure codes are as folloWl: 1-lNidga or cul'ItJrt; 2-rhm, sill, or weir. Hydrwlically liflnifiCJmt structures are daooted by tIfI S;hydraulically insignificant structures an daooted by an I.

bA bridge has an 8dt1qua'" hydraulic capacitY if it will remain opan duri"fla flood ha"i"flll racurran~ interval equal to or leu than tIN recommanMd dasign frequancy. A br. is hydraulic4/1y inadequate if tlla IIPPrtHICh rOIId or bridge deck is o~rtoppad by a flood ha"i"flll recurrence int6r~f «Iua' to or lass than the racommenthd dasign frequency.

cBlICk_rer is dafinad as the chanr- in stat18 from tIN upstrum siM of tM hydraulic structure to tIN downstrum side.

d TM flood stal/f1 indicated repra,."rs tM -rwwrfllC8 ."".tion aPl"tlJti",.,.1y 100 feat from tIN lNidfltl.

Sour~: SEWRPC.

..
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HYDROLOGIC-HYDRAULIC SUMMARY FOR STRUCTURES ON THE PIKE RIVER AND
SELECTED TRIBUTARIES: YEAR 2000 PLANNED LAND USE AND EXISTING CHANNEL CONDITIONS

Table E·'

HYDROLOGIC-HYDRAULIC SUMMARY-LOWER PIKE RIVER: YEAR 2000 PLANNED LAND USE AND EXISTING CHANNel CONDITIONS

Structure Identification and Selected Characteristics lO·Year Recurrence Interval Flood 50·Year Recurrence Interl/sl Flood lOD-Year Aecurrence Interval Flood

Structure Aecommended Instantaneous Upstream DO;::;Jam Depth at low Depth on Road Instantaneous Upstream Downstream Depth at Low Depth on Road Instantaneous Upstream
O~t:~~am ,~ 0.0'"" Low1Dop," 00 R~dType and Design Adequate Peak Staged Point in Bridge at Centerline Peak Staged Steged Point in Bridge at Centerline Peak Staged Point in Bridge at Centerline

River Hydraulic Frequency Hydraulic Discharge (feet above (feet above BackwaterC Approach Road of Bridge Discharge (feetaboll8 {feet above BackwaterC Approacl1 Road of Bridge Discharge lfeetabove (feet above BackwaterC Approach Road of Bridge
Number N~. Mile 5ignificanceB (years) Capacityb (cfs) msll msll (feed {feed (feet) (chI msll msl) (feet) (feed (feet! (ets) msl) msl) (feetl (feed (feed

100 5TH 32/AUord 0.21 IS 50 Y.. 2,505 582.1 581.1 1.0 3,490 583.2 581.1 2.1 3,945 584.0 581.1 2.'
Park Drive

lD5 5TH 32/Sheridan Road 1.35 IS 50 Y.. 2,505 585.5 584.8 0.7 3,490 586.3 585.9 0.' 3,945 586.7 586.5 0.2
110 Footbridge 1.52 11 2,505 3,490 3,935
115 Drive to 1.70 IS 10 Y.. 2,505 586.6 586.1 D.5 3,490 587.8 587.0 0.8 3,935 588.3 587.4 0.'

Carthage College
120 5TH 32/5. 32nd Street 1.79 IS 50 Y.. 2,505 587.6 586.6 1.0 3,490 589.1 587.8 1.3 3,935 589.8 588.3 1.5
125 Footbridge 2.46 11 2,505 3,470 3.900
125A Footbridge 2.69 11 2,505 3,470 3.900
130 Chicago & North 3.04 IS 100 Y.. 2,510 591.5 591.3 0.2 3,455 592.4 592.1 0.3 3,870 592.9 I 592.5 I 0.'

Western Transportation
Company

135 ICT" E/12,h S"", 13'''1 IS

I
50

I
Y..

I
2,510

1
5

•

38

I
593.0

I
0.8

I I
3,455

I
595.1

I
593.9

I
1.2

I I I
3,870 595.7

I
594.2

I
1.5

140 CTH Al7th Street 4.61 IS 50 Y.. 2,430 598B 598.3 O.S 3,365 600.0 589.2 0.8 3,650 600.4 599.6 OB I 0.2
,.5 Lathrop Avenue 4.79 IS 50 No 2,335 599.4 598.9 0.5 1.6 3,340 600.6 600.2 0.' 2.8 3,710 601.0 600.6 0.' 3.2
150 Chicago, North Shore & 4.88 IS 2,335 599.9 599.4 0.5 3,340 601.4 600.6 0.8 3,710 601.9 601.0 0.'

Milwaukee Railroad
(abandoned I

155 Private Bridge 4.92 11 2,335 3,340 3,710
160 Private Bridge 5.00 11 2.280 3.260 3,655
165 Private Bridge 5.04 11 2,280 3.260 3,655
170 Private Bridge 5.12 11 2,280 3.280 3,655
175 Private Bridge 5.31 11 2,28D 3.260 3,655
177 Kenosha Country 531 2S 2,280 3.260 3,655

Club Dam

'80 Private Bridge 5.37 11 2,280 3.280 3,655
'85 Private Bridge 5.40 11 2,280 3.260 3,655,go Private Bridge 5.44 11 2,240 3.205 3,645
"5 Private Bridge 5.52 11 2,240 3,205 3,645
200 Private Bridge 5.59 11 2,240 3.205 3,645
205 CTH Y122nd Avenue 5.63 IS SO Y.. 2,240 603.8 602.1 1.1 3,205 605.9 603.4 2.5 3,645

I
606.7

I
603.6

I
3.1

210 CTH G/Wood Road 6.60 IS 50 Y.. 2,270 615.7 614.8 0.8 3;250 617.0 615.7 1.3 3,700 617.2 616.0 1.2 I 0.7
21S CTH Al7th Street 6.96 IS 50 Ye, 2,270 611.6 616.8 OB 3,250 619.1 618.0 1.1 3,700 619.6 618.3 1.3
220 PenifyingSpr\ngs 8.26 IS 10 Y.. 1,300 629.8 629.4 D.' 1,600 631.6 630.1 1.5 1,730 631.9 630.3 1.6

Park Road
225 Footbridge 8.34 11 1,300 1,600 1,730
230 Footbridge 8.48 11 2,225 3,146 3,555
23S Footbridge 8.61 11 2,225 3,145 3,555
2.5 Footbridge 8.80 11 2,225 3,145 3,555
245A Footbridge 8.93 11 2,225 3,145 3,555
250 Park Drive, Footbridge. 9.07 2S 2,225 3,145 3,555

and Control StllJcture
255 Petrifying Springs 9.39 IS 10 Y.. 2,225 640.3 639.7 0.6 3,145 641.6 640.6 1.0 3,555

I
642.5

I
641.0

I
1.5

I
1.1

Park Drive
260 CTH Al7th Street 9.55 IS 50 Y.. 2,225 642.3 641.8 0.5 3,145 644.1 643.1 1.0 3,555 644.8 643.8 1.0 1.2

ilStrucrure codes lire liS foffows: I-bridge or culflflrt; 2-dam, Sil/iOr WIIir. HvdfBulically significant structures lire denoted bv lin S;hvdraulica//v insignificant structures are denoted by an I.

bA bridge has an ad«/uate hydraulic capsciry if it will remain opsn during a flood having a recurrence interval equal to or less than thB recommended design frequency. A bridge is hvdrauliclIlly inadequate if the approach road or bridge deck is OflflrtoppBd by a flood having a recurrence interval equal to or Isu than the recommended design frequency.

cBackwater is defined as the chllnge in stage from thB upstream sidB of the hydraulic structure to the downstrtlllm side.

d The flood stage indicated repreHnts the water surface elevation apprOlCimattlly '00 fHt from the bridge.

Source: SEWRPC.



Table E·2

HYDROLOGIC·HYDRAULIC SUMMARY-UPPER PIKE RIVER: YEAR 2000 PLANNED LAND USE AND EXISTING CHANNEL CONDITIONS

Structure Identification and selected Characteristics lO-Yee, Recurrence Interval Flood 50·Yea, Recurrence Interval Flood l00-Year Recurrence Interval Flood

Depth on Road
at Centerline

of Bridge
(feed

Depth at Low
Point in Bridge
Approach Road

(feet!
BackwaterC

(feetl

Downstream
Staged

(feet above
msll

Upstream
Staged

(feetabow
msl)

Instantaneous
Peak

Discharge
Ids)

Depth on Road
at Centerline

of Bridge

lfeed

Depth 8t Low
Point in Bridge
Approach Road

(feed
Backwate'C

lfeet!

Downstream
Staged

ffeetabove
msll

upstre~

S....
ffeetabove

msll

Instantaneous
Peak

Discharge
h:lsl

Depth on Road
at Centerline

of Bridge
(feetl

Depth at Low
Point in Bridge

Bac:kwate,C IApproach Road
(feetl ffeetl

Downstream
S_d

(feet.bow
msl)

u;::~
lfeetabove

msl)

Instantaneous
Peak

Discharge
lchl

Adequate
Hydraulic
Capacitvb

Recommended
Design

Frequencv
(yeers)

Stru<:ture
Type and
Hydrauli<:

Signifi<:anc:ea
River
MileNameNumber

265 5TH 31/ 10.38
Green Bay Road

270 CTH KR/ 11.15
County Line Road

272 Private Bridge 11.56
275 Braun Road 12.23
280 Private Bridge 12.99
285 STHlllOurandRoad 13.29
290 Chi<:890, Milwaukee, 13.72

St. Paul & Pa<:ifi<:
Railroad Company

295 Oakes Road 14.51
300 5TH 201S. 20th Street 14.94
305 Priwata Bridge 15.00
310 Footbridge 15.15
315 Priwate Bridge 15.29
320 Pridte Bridge 15.77
370 spring Street 16.24

IS

IS

"IS

"IS

"
IS
IS
IS

"IS
11

IS

50

50

50

50
100

10
50

10

Y..

No

No

No
Y..

No
Y..

Y..

1....

1....

1 ...

1 ...
1,495
1~2O

1.130

930
785
785
735
735
615
225

651.1

6568

665.0

668.5

678.8
680.0
681.2

683.5

685.1

649.5

6558

663.6

668.3

673.2
679.7
680.0

682.4

6839

1.6

1.0

1.4

0.2

5.6
0.3
1.2

1.1

1.2

0.7

2.2 1.5

2,160

2,160

2,415
2,415
2,415
2,195
1,665

1.405
1.256
1,256
1,150
1,150

910
320

662.6

657.4

667.3

670.2

679.4
6818
682.7

685.4

687.4

660.4

656.5

664.7

6698

675.0
680.7
661.6

664.1

685.5

2.2

0.9

2.6

0.4

4.4
0.9
1.1

1~

IS

1.3

08

0.5

2.8

1.6

0.4

0.2

0.7

2.1

1.6

0.4

0.1

2,430

2,430

2,660
2880
2.680
2,470
1,835

1,555
1,385
1,385
1,270
1,270

890
335

653.2

657.6

667.6

670.5

679.6
682.0
6629

685.6

687.5

650.7

6568

6648

670.2

675.1
681.0
682.0

684.4

685.7

2.5

0.8

2.7

0.3

4.5
1.0
0.9

1.2

18

1.5

1.1

08

3.0

18

0.6

.0.3

0.1

1.0

2.3

1.8

0.6

0.2

-Structure codes Me as follolllll: t-bridge or cuilltlrt; 2-thm.sill, or wtlir. Hydntulic.Jly significant ,tructu"s Me denoted by MI S: hydrMJliuI'y insiFtificMt nructu"s", dtlnoted by." I.

bA IN. IIiIS MI Mltlqum hydrMJlic c-.city if it will ,.",.in QPen during _ f,ood h_"ing _ recurrence interval tJqUM to or less thMl the recommMdiId dtlsign fffNIUMCY. A brid(Je is tJYdr_"c.J1Y in.wJtlflwre if tM.""roeh roMI orbr. *t:k n 01ltlftOPP*J by _ hood ullinf. recu".~ inttlrq! eqlMl to or leu th_n the recommended dft"" frequency.

cB«lt_,.,- is t/ltfin«/ .. the ch.".. in stege from the up",..", side of the hydntu'ic structuIW to the down,t,..".,.ukI.

d The flood srege indw.ted ,."fhetlrs the w.,., surtee- .leNtion ~ro1Cim.re", tOO Iftt from the bridfe.

Sou~: SEWRf'C,

Table E·3

HYDROLOGIC·HYDRAULIC SUMMARY-KENOSHA BRANCH: YEAR 2000 PLANNED LAND USE AND EXISTING CHANNEL CONDITIONS

Structure Identification and selected Characteristics 10-Year Recurrence Interval Flood 50-Year Recurrence Interval Flood 100·Year Recurrence Interval Flood

Number Name

Structure
Type and

River I Hydraulic
MileSignilicanc:ea

Recommended
Design

Frequencv
(yean)

Adequate
Hydraulic
C8pacltvb

Instantaneous
Peak

Discharge
(cis)

Upstream
S_d

(feetabove
msll

Downst~am

Stage
(feet above

msl)
BackwaterC

(feet)

Depth at Low
Point in Bridge

Approach Road
(feetl

Depth on Road
at Centerline

of Bridge
ffeed

Instantaneous
Peak

Discharge
(cis)

Upstre~

S....
(feet above

msll

Downstream
Staged

(feet above
msl)

BackwaterC

(featl

Depth 8t Low
Point in Bridge
Approach Road

(feed

Depth on Road
at Centerline

of Bridge
(feet!

Instantaneous
...k

Discharge
fcls)

Upstream
Staged

(feet above
msl)

Downst~am

Stage
(feet above

msll
BackwaterC

(feed

Depth at Low
Point in Bridge
Approach Road

(feed

Depth on Road
atC8nterline

of Bridge
ffeed

1200
1205
1210

1215
1220

20th Avenue
Private Bridge
Chicago, North Shore &

Milwaukee Railroad
(abandoned)

CTH Y/22nd Avenue
25th Avenue

0.761 IS
0.82 11
0.87 15

~:~I ~~

50

50

No

No

485
485
355

355
355

610.3

612.2

615.7

602.9

610.4

612.2

7.4

1.8

3.5

0.5 0.5 785
785
650

650
650

611.6

619.0

620.9

603.5

611.7

619.0

8.1

7.3

1.9

1.8

0.6

0.7

18

0.3

0.7

665
665
735

735
735

611.8

619.4

620.9

603.6

612.0

619.4

8.2

7.4

1.5

2.0

1.0

0.7

2.0

0.7

0.7

lIStructure codes .,. IJS follows: '-bridge or culVtlrt; 2-dem. ,ill. or wtlir. Hydraulically significant ,tructure, lin r/fInoted by IIfI S;hydrBUlicMly insignificMlt structures Me denotftl by IIfI I.

bA bridge has lin ~lJate hydraulic C/IPIICity if it will f8m11in open duringe flood haring II ,.currence inter"'" equal to or Ie" than t1l8 recommended c/fIsign frequency. A bridp i, hydrtlU/w.I/y ifllld«lullN if the IIPPfOIICh rOad orbridfJfl d8cIc 1,'olltlrtoPped by. flood ha"ing_ recurren~interlffJ'tHlulll to or lass than tMr6tommended design frequency.

CBeckwarer is MfiMd as the chenge in st. from tlte upst,.am sim of t1l8 hydraulic structure to thtl downstt1Jllm sir/fl.

Source: SEWRPC.

~ d The flood ,t. indicat«J represents the water ,urfllCfJ ./ention approximllmly tOO feet from the bridgIJ.

c.n
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Table E-4

HYDROLOGIC-HYDRAULIC SUMMARY-SORENSON CREEK: YEAR 2000 PLANNED LAND USE AND EXISTING CHANNEL CONDITIONS

Structure Identification and Selected Characteristics lO-Year Recurrence Interval Flood 50-Year Recurrence Interval Flood lOO-Year Recurrence Interval Flood

Structure Recommended Instantaneous Upstream Downstream Depth at Low Depth on Aoad Instantaneous
u~::~m

Downstream Depth at Low Depth on Road
'O""toooo", I uP,,~~m, rowo,,~.m I .1 D""th .. Low ID""th 00 Rood

Type and Design Adequate ..., Staged Staged Point in Bridge at Centerline Peak Staged Polnt in Bridge at Centerline Peak Stage Stage POint In Bridge at Centerlme
River Hvdraulic Frequency Hydraulic Discharge {feet above (feet above Backwatel Approach Road of Bridge Discharge (feetabov8 (feet above BackwaterC Approach Road of Bridge , Discharge jleet above ffeet above BackwaterC Approech Road of Bridge

Number Nom. Mile Significance8 (yearsl ClIPaeitv b (chi msll msl) (feed lfeed (feet) (ch) msl) msl) lfeet) (feet) (feet) (ds) msl) msl) (feed lfeetl (feet)

1000 Private Bridge 0.03 11 630 1,010 1,080
1006 Private Bridge 0.92 11 720 1,150 1,240
1010 CTH KRI 1.56 15 50 No 720 614.7 611.1 3.6 1.150 617.2 611.5 5.7 0.3 0.3 1,240

I
617.2

I
611.6

l
5B

I
0.3 I 0.3

County Line Road
1015 Private Bridge 1.67 15 720 615.1 614.8 0.3 1.6 1.6 1,150 617.4 617.2 0.2 3.9 3.9 1,240 617.4 617.3 0.1 3." 3.9
1020 Chicago, North Shore & 1.96 15 6'0 616.4 615.7 0.7 1,040 620.5 617.7 2.8 1,120 621.1 617B 3.3

Milwaukee Railroad
(abandoned )

1025 Private Bridge 2.37 15 530 622.3 620.2 2.1 905 623.9 622.2 1.7 1.5 1.5 980 624.0 622.6 1.4 lB 1.6
1030 Lathrop Avenue 2.62 IS 50 V.. 530 626.9 624.1 2.8 .. 905 629.4 625.6 3B 980 629.8 625B 4.0
1035 Chicllry Road 2.93 15 50 No 512 637.0 630.8 6.2 0.6 OS 770 637.2 631.8 5.4 0.8 0.7 835 637.2 632.0 5.2 DB 0.7
1040 Private Bridge 3.03 15 .. 450 637.2 637.0 0.2 1.6 1.6 860 637.6 637.3 0.3 2.0 2.0 715 637.7 637.3 0.4 2.1 2.1
1045 Pleasant Lane 3.15 15 10 No 450 638.7 637.4 1.3 0.5 0.5 860 63B.9 637.9 1.0 0.7 0.7 715 639.0 63B.0 1.0 DB 0.8
1050 Taylor Avenue 3.49 15 50 No 445 651.2 645.0 5.4e 615 652.4 646.5 5.ge 0.2 0.2 650 652.7 646.6 6.1 e 0.7 0.5

aStructure~$ lire lU folloWJ: '-bri~ or culWlrt; 2-dsm.$i11. or WIIir. Hydrlluliclllly $ignifiCllflt $tructure$'" dtlnoted by." S;hydrllUlically in$ignifiCllnt structures lire dtlnoted by lin I.

bA britJtpl h. lin IId«IUllte hydrllUlic C8P«iry if it will remain open during II flODd hailing a fflCuffllnca inr-rval tlQull! to or leu thllfl tM r.commendtld dtlsign frequMcy. A bridle is hydfBUlically irlMJtlQullte if the .pprtneh rOMi or bridt/t6 tWck fs Olftlrtoppmi by a flood hlllf;ng II recurrence intefWIl tlQull! to or IfI$$ th." thlt recornrMnded dtnign frequency.

Cthck_ tw is dtlfinttd. 1M ch8ngtl in st.,. from 1M upstrNm sidtl of thlt hydrllUlic structure to tM downstrNm side.

dThtl flood st.,. indicated repre,.nu the _ter wrf-ee eltllRltion .pproximBtrtly tOO tNt from thtJ bridtltt.

eThttffl i, e diffe,."ce in strttambttd elttlflltion Of -'PfOxi,.".trtly 4.6 fHt bnwftn tM up,tlflllm lidll8fld 1M down'trtt8fJ'llidtl of the T8ylor AIII'IJUll' brid,..

Sou,": SEWRPC.

Table E·5

HYDROLOGIC-HYDRAULIC SUMMARY-NELSON CREEK: YEAR 2000 PLANNED LAND USE AND EXISTING CHANNEL CONDITIONS

Structure Identification and selected Characteristics 10-Year Recurrence Interval Flood SO-Year ReCllrrence Interval Flood 100·Year Recurrence InteNal Flood

Structure Recommended Instantaneous Upstream D7.::~am Depth at Low Depth on Road Instantaneous Upstre~ Downstream Depth at Low Depth on Road Instantaneous Upstream Downstream Depth at Low Depth on Road
Type and Design Adequate Peak Staged Point in Bridge at Centerline ..., Stage S_" Point in Bridge at Centerline Peak Staged S_" Point in Bridge at centerline

Number I River I Hydraulic Frequeney Hydraulic Discharge (f"tabove (feet above BackwaterC Approach Road of Bridge Discharge (feet above (feet above BackwaterC Approach Road of Bridge Discharge (feet above (feet above BackwaterC Approach Road of Bridge
Nom. IMile Significancea (yean) Capacitvb Ids) msll msll (feet) (feet! (feet! (ds) msll msl) (feet) (feet! (feet) (ets) msl) msll (feet) lfeetl (feet)

1100 IPrivate Bridge I 0.05~ I IS l1S 603.2 598.9 3.6 0.6 0.4 208 603.2 599.9 3.3 0.6 0.4 236 603.3 600.0 3.3 0.7 0.5
1105 Chicago, North Shore & 0.12 IS l1S 603.4 6032 0.2 208 604.0 603.2 DB 236 604.3 603.3 1.0

Milwaukee Railroad
labanctoned)

1110 Private Bridge 0.15 11 119 208 236
1115 Lathrop Avenue 0.44 IS 60 V.. 119 609.6 607.2 2.4 208 611,2 607.7 3.5 236

I
611.6

I
607.0

I
3.8

1120 Lathrop Avenue 0.55 15 50 No 119 612.1 609.7 2.4 208 614.5 611.2 3.3 0.2 02 236 614.6 611.6 3.0 I 0.3 I 0.3
1125 Lathrop Avenue 0.62 IS 50 No 118 615.0 612.1 2.9 0.6 0.6 208 615.4 614.5 0.8 1.0 1.0 236 615.5 614.6 0.9 1.1 1.1
1130 CTH KRI 0.00 IS 50 V.. 140 617B 615.4 2.4 225 618.9 616.0 2.9 255 619.3 616.1 3.2

County Line Road
1135 Private Bridge 127 11 150 255· 285
1140 Private Bridge 1.63 11 16. 255 310
1145 Private Bridge lB7 11 180 255 310

·Structure codes are as folloWJ: '-bridt/t6 or culwlft: 2-iMm."". Dr WIIir. HydrllUlic811y significant nfUcture, are ,.not«J by an S;hydr/Wlically in,ignifieant structures are d6nottld by an t.

bA br~ ha, an adaquate hydrllUlic capsciry if it will ".,.".In open durirlf II flODd hlllfingll recur,."ca intrtrtral «lull! to or III" thllfl tM recommended Msilln frequency. A britJtpl i, hydfBUliclllly inadBqU8te if the IIPPrtneh r08d or bridge t/6clc I, olftlrropPBd by a ffood halfing a fflCurrence interval equal to or feu than tM recommended dtI,ign frequency.

c8Bckwllter is d6f/n8d a, tM chan,. in $" from the upstre.",';" of 1M hydfllUlic ,tNcture to tM downstrNm sidtl.

dThe flood ,t. indicated repffllents the _ter wrf«tl eltlWltlon /lPProxitmltrtly tOO feBt from the bridge.

Source: SEWRPC.



Table E-6

HYDROLOGIC-HYDRAULIC SUMMARY-PIKE CREEK: YEAR 2000 PLANNED LAND USE AND EXISTING CHANNEL CONDITIONS

Structure Identification and selected Characteristics lO-Year Recurrence Interval Flood 50·Year Recurrence Interval Flood tOO-Year Recurrence Interval Flood

Structure Recommended Instantaneous
u;::~m

Downstream Depth allow Depth on Road Instantaneous Upstream Downstream Depth lit Low Depth on Road Instantaneous Upstream Downstream Depth at Low Depth on Road
Type and Design Adequate Peak Staged Point in Bridge at Centerline Peak Staged Staged Point in Bridge alCenterline ..., Staged Staged Point in Bridge at Centerline

River Hydraulic Frequency Hvdraulic Discharge (feet above (feetabow Backwalerc Approach Road of Bridge Discharge (feet above (f"tabove BackwaterC Approach Road of Bridge Discharge (feet above (feet above BackwaterC Approach Road of Bridge
Number N~. Mile Significilnceil lveilnl Capacityb Icfsl msll msll ffeed (feed (feed Ids) msJl msll lfeet) Ifeetl jfeed fds) msll msll Ifeet) (feed Ifeetl

500 STH 31/Green Bav Road 0.05 IS 50 No 880 642.9 642.6 0.3 1,340 644.6 ...... 0.2 1.1 0.6 1,650 645.2 645.0 0.2 1.7 1.2
505 Private Bridge 0.B9 11 880 1,340 1,650
510 Private Bridge 1.42 11 900 1,400 1,800
515 CTH E/12th Streel 2.13 IS 50 V" 830 662.6 662.1 05 1,310 664.1 663.2 0.' 1,580

I
664.9

I
663.7

I
1.2

520 Town of Somers 3.17 IS 10 No 820 670.8 669.8 1.0 1.5 1.5 1,290 671.6 671.1 0.5 2.3 2.3 1,530 671.9 671.5 0.' I 2.8 I 2.6
Transfer Station

525 Chicago & North 3.29 IS 100 V" 820 671.1 671.0 0.1 1.290 672.1 671.8 0.3 1,530 672.5 672.2 0.3
Western Transportation
Company

530 CTH L/Lichter Road 3.34 IS 50 V"

~ ~
671.5 671.2 0.3 1,290 672.6 672.2 0.' 1,530 I 673.1 I 672.7 I 0.'

535 Private Bridge 3." 11 780 1,220 1,_
540 Private Bridge 4.12 11 780 1,220 1,400
545 Private Bridge 4.24 IS 780 673.9 673.8 0.1 1.5 0.8 1,220 674.5 674.$ 0.0 2.1 I.' 1,_ 674.8 674B 0.0 I 2.' I 1.7
550 5TH 142/5. 43rd Street '.86 IS 50 No 780 676.9 675.3 1.6 0.5 1,220 671.2 676.1 1.1 0.8 1,_ 671.3 676.4 0.' 0.'
555 Footbridge '.90 11 780 1,220 1,_
560 5TH 158152nd Street 5.90 IS 50 V" 10- 678B 676.9 I., 460 690.9 671.3 3.6 480 681.4 671.4 '.0
565 CTH K160th Street 6.45 IS 50 No 390 682.4 680B 1.6 0.8 -' 0.0 700 682.6 681.8 0.8 1.0 0.2 810 682.6 682.0 0.6 I 1.0 I 0.2
570 Chicago, Milwaukee, 6.85 IS 100 No 390 685.0 682.4 2.6 0.2 0.2 700 695.1 682.6 2.5 0.3 0.3 810 685.2 682.7 2.5 0.' 0.'

St. Paul & Pacific
Railroad Companv

I

aStructure codes lire as follows: '-bridgfl or culvert; 2-dam,sil/, or _if. Hydrlluficaffy signifiCllflt ,tructures are ,"noted by an S;hydrllUliclJlly insignificlJllt structures are ,"noted by lin I.

bA bridge has em adequate hydraulic CaPaCity if it wiff remain open during II flood hailing a reCUrrMCtI interlltll equal to or IISI them the TflCommended design frequency. A bridge is hydr.ulic.lfy inadtlquate if thl IIPProach road or bridgfl deck is overtopped by. flood hlllling II recurrence inte""" lHluai to or leu than the recommended design frequeney.

cBackwater is defined liS thl change in stage from the upstream side of the hydraufic structure to the doWt/strtllJm side.

d The ffood st. indiCllted repre$fJnts the'water wrliICI elell/Jtion approJtimllte/y '00 feet from the bridfll/.

Sour": SEWRPC.

Table E-7

HYDROLOGIC-HYDRAULIC SUMMARY-SOMERS BRANCH: YEAR 2000 PLANNED LAND USE AND EXISTING CHANNEL CONDITIONS

Structure Identification and selected Characteristics 10-Year Recurrence Interval FlOOd 50-Year Recurrence Interval Flood l00-Year Recurrence Interval Flood

Structure Recommended Instantaneous
u::~:~m

Downstream Depth at low Depth on Road Instantaneous Upstream Downstream Depth at low Depth on Road
,n",""nOO"'l Up",,~.1 Down",..mI ,I ,,"pth ot Low1Depth on RoodType and Design Adequate Peak S_" Paint in Bridge at Centerline Peak S_" StaQed Point in Bridge at Centerline Peak Staged Staged Point in Bridge at Centerline

Number I IRiver Hvdraulic FrequencV HVdr8Ul~ Discharge ffeetabove (feet above Backwatel Approach Road of Bridge Discharge (feet above ffeetlJbove B8ckwaterC Approach Road of Bridge Discharge (feet above (feet above Backw8terc Approach Road of Bridge
Name Mile Significancea lveanl CllDacity (ch) msl) msll (feed (feet) (feed (cts) msl) msl) Ifeet) (faetl (feed fcls) msl) msll Ifeet) (feet) (fead

800 IP" .." 8.'"" I006 " 110 255 320
805 Private Bridge 0.53 " 110 255 320
810 Chicago & North 0.69 IS 100 V" 110 669.4 669.1 0.3 255 671.5 670.1 I., 320 I 672.6 I 670.3 I 2.3

Western Transportation
Companv

815 ICTH EAI'Oth SI""

I'" I
IS

I
50

I
V"

I
115

1

673

•

I
673B

I
0'

I I
270

I

6755

I
675.3

I
02

I I I
320

I
6758

I
675.5

I
0.3

820 Private Bridge 1.43 11 70 110 120
82S Private Bridge 1.71 IS 80 6907 689B 0.9 '5 691.8 690.3 13 110 692.3 690.5 'B
830 Private Bridge 1.94 " 56 80 90
835 Chicago, Milwaukee, 1.95 IS 100 V" 55 6942 691.7 2S 80 6946 692.3 23 90 696 3 692.7 2.8

St. Paul & Pacific
Railroad CompanV

840 I Private Bridge I 2.31 I " I I I JOO I I I I I 500 I I I I I I 560

·StruCWfff codes .re as follows: '-bridge or culwrt; 2-dlJm, sill, or _ir. HydrllUliclllly significant structures are denotid by an S;hydfllUliclJlly insignificant structures lire e*noted by an I.

bA bridge hilS an lJdequate hydrllUficClIpaCiry if it witl remain ofJfIn during a flood hailing II recurrence intarvaf equal to or fess th." the recommendeddasign freqfHncy. A bridge is hydfllUliCllf/y inadeqwta if thllJPPrO/JCh fOBd or brirJp Mck. is overtappMl by II flood hlllling I recurrence inteflllJ1 equm to or fess tfuln the recommended design frequ«1cy.

cBlICkwafer is defimHi liS the chanflll in st. from tM upslrellffl side of tM hydrlltJlic strucWre to the dOWt/strtllJm side.

e; d Thl ffood st. indicated repre,.nls th8 wlltar surface efell.tion approJtirmJtely 100 fHI from the bridgfl.

'-I Source: SEWRPC.



0...,
00

Table E-8

HYDROLOGIC-HYDRAULIC SUMMARY-AIRPORT BRANCH: YEAR 2000 PLANNED LAND USE AND EXISTING CHANNEL CONDITIONS

Structure Identification and Selected Characteristics

Number Name
River
Mile

Structure
Type and
Hydraulic

Significa~a

Recommended
Design

Frequency
{yearsl

Adequate
Hydraulic
Capacityb

'''''0''0'00' IUp",,"m ID~o"".m Depth on Road
Peak Staged Staged at Centerline

Discharge (feet above tteet above of Bridge
(efsl mstl msll (feet!

900 IPrivate Bridge
905 Privete Bridge
910 Chicago, Milwaukee,

St. Paul & Pacific
Railroad Company

0.18
0.39
0.41

11

11

15 100 v"

325
325
310 679.0 676.9 2.1

420
420
395 680.7 677.3 3.4

440
440
420 681.4 677.4 4.0

·Strucw,.~s are lIS follows: 1-bridgB or culWJrt; 2-dsm,sill. or Mir. HydrilUlicslly ,ignif;amt structures are iMnoted by an S;hydrilUlically insignifictmr structure, are dllnot«l by lilt J.

bA bridge has an adequa~ hydraulic c/lP8City if it will remain QlHn during a flood haIling II fflCUrNlnctt interWJf equal to or '855 than 1M f9Commendeddesign frequency. A bridge;s hyd~li~fly;lIlIdequa,.;f the ."proach mild orbd. tHeIr ;s overtoppttd by a ffood having a recurren~ interWllequal to or 18" tlllln tM recommtNlded design frequency.

cBlICk_rer is defined.s thec~ in stll/lfl from tha upstre.m side of thll hydrllUlic structure to the downstream side.

dTM flood st.,. indicated nlpre$lmts the water surl~ el8lfBtion -tJ/JmKimarttly 100 fHt from the bridge.

Sou,": SEWRPC.

Table E-9

HYDROLOGIC-HYDRAULIC SUMMARY-LAMPAREK DITCH: YEAR 2000 PLANNED LAND USE AND EXISTING CHANNEL CONDITIONS

Structure Identification and selected Characteristict la-Year Recurrence Inteival Flood 50-Year Recurrence Interval Flood 1DO-Year Recurrence Interval Flood

Structure Recommended Instantaneous Upstream Downstream Depth at Low Depth on Road Instantaneous Upstream oa;::~am Depth at Low Depth on Road Instantaneous Upstream Downstream ,I Dop"" Low IDopth 00 Rood
Type and Design Adequate Peak Staged Staged Point in Bridge at centerline P". S_d Point in Bridge at centerline Peak Staged S_d Point in Bridge at Centerline

River I Hydraulic Frequency Hydraulic Discharge (feet above (feet above BackwaterC Approach Road of Bridge Discharge (feet above Cfeetabove BackwaterC Approach Road of Bridge Discharge (feet above (feet above BackwaterC Approach Road of Bridge
Number I Nom' IMile Significancea lyearsl Capacityb (cisl m") msll (feet! (f&etl (feed (cfsl msll msll (feed (feed (feed (clsl msl) msll (feet I (feetl (feed

700 IPrivate Bridge I0.5~ I IS 25 664.7 662.5 2.2 140 668.0 664.2 3.8 205 669.6 664.9 4.7
705 Chicago /fa North 0.77 15 100 V" 25 ...." 667.5 2.1 140 673.5 669.0 4.5 205 673.8 670.2 3."

Western Transportation
Company

710 I90th Street

1

'56

1

IS

I
50

I
V"

I
20 I "OB

680.4

I
0.4

I I I
120

I
682.4

I
682.1

I 0.3

I I I
170

I
683.0

I
682.6

I
0.4

715 Private 8ridge 2.12 11 20 110 155
720 Chicago, Milwaukee, 2.25 15 100 Ve. 20 699.0 697.2 lB 100 702.5 "98B 3.7 140 703.2 699.4 3B

St.Paul/fa'acific
Railroad Company

725 Private Bridge I I I 130
730 Prl..,ete Bridge OB 115 I 712.0 I 711.1 I 0."

-Structure codas ",.. .s folJ()WJ: 1-hridt/B or cul""rt; 2-dam,sill, or Wilir. Hrd~licallv signjfjcant wuctures are denoted by an S;hydrllUlically insignificant structures are denoted by an I.

bA brJdtle has an Mlequ.te hyd~'ic capacitY if It will remain ~n during a flood h.vln, a rtlCUrrtlm:. interv.1 equal to or less than tha recommtmdBd d.sign frequency. A bridp is hyd~"caI1y iMdtlquate if tha II/Jproach road or bridge dBcIc is OVflrropped by a flood h.vin, a recurrence interval equal to or I8ss then th. recommended design frequency.

cBllCkwam /s dBfinBd lIS thft chanfltt In st.,. from tha upstrftam sidft of tha hydrllUlic structufft to the downstream sids.

d Thtt flood stefl' IndiCtlted I'lIPfftsents tha water surltlCtlft"'lfBtion approximately 100 fNt from thabrld(Jft.

Sou,": SEWRPC.



Table E-10

HYDROLOGIC-HYDRAULIC SUMMARY-CHICORY CREEK: YEAR 2000 PLANNED LAND USE AND EXISTING CHANNEL CONDITIONS

Structure Identification and selected Characteristics 10-Year Recurrence Interval Flood 50-Year ReC\,lrrence Interval Flood lOO-Year Recurrence Interval Flood

Structure Recommended Instantaneous Upstream Downstream Depth at low Depth on Road Instllntaneous
u;::~m

Downstream Depth at low Depth on Road
'0"'0"0'0"' Iup"re.m,IDowo",,,m I ,I D,p," " Low IID,p,h 00 Ro.d

Type and Design Adequate Peak Staged Staged Point in Bridge at Centerline Peak Staged Point in Bridge at Centerline Peak Staged Staged Point in Bridge at Centerline

River I Hydraulic Frequency
~~:~~

Discharge ffeetabove (feet above Backwatel Approach Road of Bridge Di~hllrge (feet above lIeet above 8ackwilterC Approach Road of Bridge Discharge (feet above (feet above BackwaterC Approach Road of Bridge

Name IMile Significancea Iyearsl (ds) msll msll lfeetl lfeetl Ifeetl (ch) msl) msl) (feetl (feet I (feetl (ch) mst) msll !feet) Ifeetl lf~tl

600 11 35 95 140
605 IS 100 V.. 35 673.3 671.5 IS 95 674.2 672.3 I., 140 I 674.7 I 672.6 2.1

610 85

I
677.6

I
674.2

I
3.4

I
0.8

I
0.8

I
125

I
677.8

I
674.7 3.' I 1.0 I 1.0

615 85 679.7 677.6 2.1 1.7 0.1 125 679.8 677.8 2.0 1.8 0.2
620 80 685.5 684.0 1.5 115 686.0 684.2 1.8

aStructlJre COdes tire as fof/ows: I-bridgtl or cuillert; 2-dam, sill, or weir. HydrtlUliCilf/y significant structures lire denoted by tin S;hydnJulically insignificllflt structunn lUe denoted by.n J.

bA bridfJe has an adBqUllte hydraulic capacitY if it will remain open duritJf/1l flood having a recurrence interval equill to or less thllfl tM recommtJndetf design frequency. A br~ is hydnJulically inlldequate if the ~prOllCh rQlld orbridf1e deck is OVflrtOPped by a flood having a recurrence interval equal to or Ifl$$ than thtt recommttndet:/ desifl" frequency.

cfllldrweter i. dttfiflild as thB change in st. from thlt upstfNlJ'l side of thB hydrllUlic structure to the downstream side.

d The flood',. indicated represtlnts the watBr surface ttlellfJtion IIPPro.ilNr-1y loo!Ht from thB bridgtl.

Source: SEWRPC.

Table E·11

HYDROLOGIC-HYDRAULIC SUMMARY~WAXDALECREEK AND THE TRIBUTARY TO
WAXDALE CREEK: YEAR 2000 PLANNED LAND USE AND EXISTING CHANNEL CONDITIONS

Structure Identification and Selected Characteristics 10-Year Recurrence Interval Flood 50·Yeer Recurrence Interval Flood l00-Year Recurrence Interval Flood

StnJcture Recommended Instantaneous Upstream Downstream Depth at Low Depth on Road Instantaneous
U~~~:~

Downstream Depth at Low Depth on Road Instantaneoos
Up"",m Dowo"".m 'lOOP" "Low1Dop'h 00 Rood

Type and Design Adequate Peak Staged Staged Point in Bridge atCenterUne Peak Staged Point in Bridge at Centerline Peak Steged Staged Point in Bridge at centerline

Number I River Hydraulic Frequency HYdraulic Discharge (feet above ffeetabove BackwaterC Approach Road of Bridge Discharge (feet above lfeetabove BackwaterC Approach Road of Bridge Discharge (feet above (feet above Backwate,c Approach Road of Bridge
Name Mile Significancea Iyeanl Capacityb Ids) msll msll (feetl (feet) Ifeetl (cfsl msl) msn ffeet) lfeetl (feetl Ids) msl) msll Ifeet) (feet) (feetl

400 IChicago & North 0.27 IS 100 V.. 170 668.7e 668.7e
0.0 250 670.4

e 670.4e 0.0 280 670.7
e 670f 0.0

Western Transportation
Company

405 IWillow Road 0.29
,. 50 V.. 170 668f 668.7e

I 0.0 I I I 250 I 670.4e I 670.4e I 0.0 I I I 280 I 670.7
e I 670.7e

I 0.0
410 Chicago, Milwaukee, 0.47 IS 100 V.. 150 668.7

e 668.7e
0.0 230 670.4

e
670.4e 0.0 255 670.9 670.7e

0.2
St. Paul & Pacific
Railroad Company

415 18'';'d Co,d,;' 0.51 IS 400 677.1 668.7e

I
8.4

I
0.6

I
0.6

I
650 I 6776

I
670.4e

I
7.2

I
1.1

I
1.1

I
720

1

6777

I
670.9

I
6.8

I
1.2

I
1.2

420 Private Bridge 1.11 11 340 6'0 710
425 90th Street 1.23 'S 50 No 295 690.1 684.' 5.2 655 686.4 5.1 '.5 1.5

CTH HlWisconsin Street
565 691.4 686.1 5.3 1.4 1.4 691.5

430 1.89 'S 50 No 180 710.3 704.5 5B 0.7 415 711.2 705.0 6.2 1.6 0.4 495 711.4 705.2 6.2 lB 0.6

aStructlJre codes lite as foffows: I-bridgB or culVflrt; 2-dam, sill, or wllir. Hydraulically significant structures IIffI danoted by an S;hydraulically insignifiCllflt struettlrt1S are denoted by an J.

bA bridge has an adequate hydraulic capacitY if it will rermJin open duritJf/a flood having a recurrence intervlll equal to or leu than Mtt nJCom",.ndl/ld thlsign frequency. A bridge is hydnJuliclllly irllJd«iuate if tM lJPPrOtlCh road or bri. cWck is OVflrtQPpttd by. flood haviflll a recurrence interval BqUllI to or IflU than the recommttnded MSifln frequency.

cBackwatar i, defiflild al thtt chanfIB in sUl/lfl from thlt upstream side of the hydrtlUlic structure to the downltfflllm sida.

d The flood st. indicated repffJunts tM water surface ttlttvation /lPProximately 100 feet from thB bridge.

D- eThB flood st. indicated rtlpresena tM water surface tt/Bvation of the Pike Riwr at thtt confluence with Waltda/B CrHk.
N
~ Source: SEWRPC.
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Table E-12

HYDROLOGIC·HYDRAULIC SUMMARY-BARTLETT BRANCH: YEAR 2000 PLANNED LAND USE AND EXISTING CHANNEL CONDITIONS

Structure Identification 'and Selected Characteristics 10-Year Recurrence Interval Flood 50·Year Recurrence Interval Flood l00-Year Recurrence Interval Flood

Structure Recommended Instantaneous
u::~;:~m

Downstream Depth at Low Depth on Road Instantaneous
u~::;:~m

Downstream Depth at Low Depth on Road Instantaneous Upstream Downstream Depth at Low Depth on Aoad

Type and Design Adequate Peak Staged Point in Bridge at Centerline Peak Staged Point in Bridge at Centerline Peak Staged Staged Point in Bridge at Centerline

IRiver Hydraulic Frequency Hydraulic Discharge (feet above (feet above BackwaterC Approach Road of Bridge Discharge {feataboV8 (feet above Backwetel Approach Road of Bridge Discharge (feet above lteetabove BackwaterC Approach Road of Bridge

Number I Name Mile Significancea (years) Capacityb (cfs) msO msll (feetl (feet) (feet) (cfs) msl) msll (feed (feed (feed (cfs) msll msll (feed (feet) (feet)

32. IPd,'" Bdd,. I 0.12 IS 300 684.2 683.7 0.' 0.2 0.2 .20 685.6 685.5 0.1 1.6 1.6 .90 685.7 685.6 0.1 1.7 1.7
330 Private Bridge 0.32 IS 300 684.2 684.2 0.0 2.2 1.9 .20 685.6 685.6 0.0 '.0 3.2 .90 685.7 685.7 0.0 '.1 3.3
335 Chicago & North 0.34 IS 100 V.. 300 684.7 684.2 0.' .20 687.0 685.6 1.4 '90 687.7 685.8 1.9

Western Transportation
Company

340 Stuart Road 0.53 IS .0 No 36' 685.7 684B 0.9 70. 688.9 687.1 lB 0.7 0.7 BOO

I
689.1

I
687.7

I
1.4

I
0.9 0.9

34. Footbridge 0.67 11 32. 660 7'0
3'0 Clinton Lane Extended 0.79 IS 10 No 22. 686.0 685.9 0.1 1.2 380 689.1 689.1 0.0 4.3 2.3 41. 689.3 689.3 0.0 4.' 2.'
3" Private 8ridge 1.07 11 210 340 370
360 Footbridge 1.16 11 210 340 370
36. Spring Street 1.21 IS 10 V.. 190 687.5 686.1 I.' 290 692.4 689.1 3.3 31. I 692.7 I 689.4 I 3.3

aStructure codes are as follolNS: I-bridge or culvert; 2-dam,silf, or weir. Hydraulically significant structures are denoted by an S;hydraulicafly insignificant structUrBS arB denoted by an I.

bA bridge has an adequate hydraulic capacity if it will rBmain open during a flood having a reCUrrBnce interval equal to or less than the recommended design fr9Quency. A bridge is hydraulically inadequate if the approach road or bridge deck is overtopped by a flood having iJ recurrence interval equal to or less than the recommended design frequency.

cBackwater is defined as the change in stage from the upstream side of the hydraulic structure to the downsrr68m side.

d The flood stage indicated represents the water surface elev/ition approximatelY '00 feet from the bridge.

Source: SEWRPC.



Appendix F

HYDROLOGIC·HYDRAULIC SUMMARY FOR STRUCTURES ON THE PIKE RIVER AND SELECTED
MAJOR TRmUTARIES: YEAR 2000 PLANNED LAND USE AND PLANNED CHANNEL CONDITIONS

Table F-1

HYDROLOGIC-HYDRAULIC SUMMARY-LOWER PIKE RIVER: YEAR 2000 PLANNED LAND USE AND PLANNED CHANNEL CONDITIONS

Stl'l.lcwre Identification and Selected Characteristics 10-Year Recurrence Interval Flood 50·Year Recurrence Interval Flood l00·Year Recurrence Interval Flood

Structure Recommended Instantaneous Upstream Downstream Depth at Low Depth on Road Instantaneous Upstream
OO;t::~am

Depth at LOIIIr Depth on Road Instantaneous Upstream
eo;t::~am ,I D.p'h " low IID.pth 00 Ro.dType and Design Adequate Peak Staged Staged Point in Bridge at Centerline Peak Staged Point in Bridge at Centerline Peak Staged Point in Bridge at Centerline

River Hydraulic Frequency Hydraulic Discharge (feet above (feet above BackwaterC Approach ROad of Bridge Discharge Iteetabove ffeet aboue BackwaterC Approach Road of Bridge Discharge (feet above (feet above BackwaterC Approach Road of Bridge
Number N~. Mile Significancea (vearsl Capacitvb (chi msl) msll (feet) (feet) (feet! (cfs) msll msll (feet! !feed (feet) (cfsl msll msl) (feet) (feet) (feet)

100 5TH 32/Alford 0.21 IS 50 Y.. 2,360 582.0 581.1 0.9 3,540 583.3 581.1 2.2 4,120 584.3 581.1 3.2
Park Drive

105 5TH 32/Sheridan Road 1.35 IS 50 Y.. 2,360 585.3 584.6 0.7 3,540 586.4 586.0 0.4 4.120 586.9 586.7 0.2
110 Footbridge 1.52 11 2,360 3.540 4,120
115 Drive to 1.70 IS 10 V.. 2,360 586.3 585.9 0.4 3.540 587.8 587.1 0.7 4,215 588.6 587.6 1.0

CanhageCotlege
120 STH 32/5. 32nd Street 1.79 IS 50 V.. 2.360 587.3 586.3 1.0 3,540 589.2 587.8 1.4 4,215 590.2 588.6 1.6
125 Footbridge 2.46 11 2,340 3,600 4,350
125A Footbridge 2.69 11 2,340 3,600 4,500
130 Chicago & North 3.04 IS 100 V.. 2,340 591.3 591.1 0.2 3,600 592.6 592.2 0.4 4.500 I 593.3 I 592.9 I 0.4

Western Transportation
Companv

135 ICTH E/12th S'"'' I 3.
27 1 IS

I

50 Y..

I
2,340

1

5935

I
592.9

I

0.5

I I I
3.600

I
595.3

I

594.0

I

1.3

I I I

4.500

I

596.5

I

594.7

I

I..
140 CTH A/7th Street 4.61 IS 50 Y.. 2,450 598.8 598.3 0.5 3,700 600.5 599.6 0.9 4,500 601.4 600.2 1.2 1.2
145 Lathrop Avenue 4.79 IS 50 No 2,450 599.5 598.9 0.6 1.7 3,810 601.0 600.7 0.3 3.2 4,500 601.9 601.6 0.3 4.1
150 Chicago, North Shore & 4.88 IS 2,450 600.1 599.5 1.5 3,810 602.0 601.0 1.0 4,500 603.3 601.9 1.4

Milwaukee Railroad
(abandoned)

155 Private Bridge 4.92 11 2,450 3,810 4,500
160 Private Bridge 5.00 11 2,450 3,570 4.400
165 Private Bridge 5.09 11 2,450 3,570 4.400
170 Private Bridge 5.12 11 2,450 3,570 4,400
175 Private Bridge 5.31 11 2,450 3,570 4,400
177 Kenosha Country 5.31 2S 2,450 3,570 4,400

Club Dam
,.0 Private Bridge 5.37 11 2,210 3,570 4,400
,.5 Private Bridge 5.40 11 2,210 3,570 4,400
190 Private Bridge 5.44 11 2,210 3,570 4,400
195 Private Bridge 5.52 11 2,210 3,570 4.400
200 Private Bridge 5.59 11 2,210 3,570 4.400
205 CTH y /22nd Avenue 5.63 15 50 V.. 2,210 603.8 602.8 1.0 3,570 606.7 603.6 3.1 4,400

I

607.5

I
604.3

I
3.2 I 0.8 I 0 .•

210 CTH GlWood Road 6.60 'S 50 No 2,300 615.6 614.8 0.6 3,330 617.3 615.9 1.4 0 .• 4,500 618.2 617.1 1.1 1.7
215 CTH A/7th Street 6.96 15 50 Y.. 2,300 617.7 616.8 0.9 3,740 619.7 618.3 1.4 4,500 623.2 618.8 4.4
220 PetrifvingSprings •.26 15 10 Y.. 2,300 629.8 629.4 0.4 3,740 631.9 630.4 1.5 4,500 632.5 630.8 1.7

Park Road
225 Footbridge 8.34 11 2,300 3,740 4,500
23D Footbridge 8.48 11 2,300 3,740 4.500
235 FOOtbridge 8.61 11 2300 3.740 4.600
245 Footbridge 8.80 11 2,300 3,740 4,500

245A Footbridge 8.93 11 2,300 3,740 4,500

250 Park Drive, Footbridge, 9.07 25 10 V.. 2,300 3,740 4,310
and Control Structure

255 PetrifvingSprings 9.39 15 10 V.. 2,300 640.3 639.8 0.5 3,740 642.8 641.1 1.7 1.4 4,310

I
643.5

I
641.7

I
1.8

I
2.1

Park Drive
260 CT.H A/7th Street 9.55 15 50 Y.. 2,300 642.3 641.9 0.4 3,740 644.9 644.0 0.9 1.3 4,310 645.4 644.6 0 .• 1.8

aStructure codes are as follows: I-bridge or culvtJrt; 2-dam,sifJ, or weir, Hydraulically significant structures are denoted by an S;hydraulically insignificant structures are denoted by an I.

bA bridge hn an adequate hydraulic capacitY if it wif( remain open during a flood having a recurrence interva/equal to or less th.w the recommended design frequency. A bridge is hydraulicaffy inadequate If the approach road or bridge deck is overtoPped by a flood having a recurrence interval equal to or less than the recommended design frequency.

CBackwater is defined as the change in stage from the upstream side of the hydraulic structure to the downstream side.

0- d The flood stage indicated represents the warer surface etevation appro)(imately 100 feet from the bridge.Co)....
Source: SEWRPC.
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Table F-2

HYDROLOGIC-HYDRAULIC SUMMARY-UPPER PIKE RIVER: YEAR 2000 PLANNED LAND USE AND PLANNED CHANNEL CONDITIONS

Structure Identification and selected Characteristics 10-Year Recurrence Interval Flood 50-Year Recurrence Interval Flood 100-Year Aecurrence Interval Flood

Structure Recommended Instantaneous Upstream Downstream Depth at Low Depth on Road Instantaneous
u;:::~m Do;:a:~am Depth at Low Depth on Road Instantaneous Upstream Downstream ,I D"""" L~{D""" 0' R~dTvpe lind Design Adequate Peak Staged Staged Point in Bridge alCentarline Peak Point in Bridge at centerline .... Staged Staged Point in Bridge at Centerline

River Hydraulic Frequency Hvdraulic Discharge lfeetabove (feet above BackwaterC Approach Road of Bridge Discharge (feet above (feet above Backwatel Approach Road of Bridge Oi$CtuKge (tllet8bo'.te \teet above 8ackwaterC Approach Road of Bridge
Number Name Mile Significancea (yearsl Capacityb Idsl msl) md\ (feetl If"\} Ifeell Ids) m<\ n1sl) (feetl (feet) (feet) (efs) m<\ m<\ (feell (feet) (feetl

265 5TH 31/ 10,38 15 50 V" 1,430 644.5 644.4 0.1 2.690 647,1 647.0 0.1 3,410 648.0 647.8 0.2
Green Bay Road

270 CTH KRI 11.15 15 50 V" 1,310 648.2 647.9 0.3 2,560 651.0 650.7 0.3 3,210 652.1 651.8 0.3
County Line Road

272 Private Bridge 11.56 11 1,310 2,560 3,210
275 Braun Road 12.23 15 50 V" 1,140 658.0 657.7 0.3 2,370 660.9 660.5 0.4 2,920

I
661.9

I
661.5

I
0.4

280 Private Bridge 12.99 11 890 661.8 661.6 0.2 2,030 2,460
285 5TH ll/DurandRoad 13.29 15 50 V" 890 662.8 662.7 0.1 2,030 666.3 666.2 0.1 2,460 667.3 667.1 0.2
290 Chicago, Milwaukee, 13.72 11 100 V" 660 1,580 1,930

St. Paul & Pacific
RailrOad Company

295 Oakes Road 14.51 15 10 V" 440 670.4 666.1 4.3 1,150 672.3 ....8 3.5 1,430 672.9 669.8 3.1
300 5TH 20/5. 20th Street 14.94 15 50 V" 310 672.8 672.6 0.2 890 675.6 675.3 0.3 1,130 676.4 676.1 0.3
305 Private Bridge 15.00 15 310 672.9 672.8 0.1 890 675.9 675.6 0.3 1,130 676.9 676.4 D.5
310 Footbridge 15.15 11 270 800 1,010
315 Private Bridge 15.29 15 230 674.7 674.2 0.5 870 677.5 677.0 0.5 840 678.4 677.9 0.5
320 Private Bridge 15,77 11 220 630 790
370 SpriogStreet 16.24 15 10 V" 150 679.8 679.1 0.7 450 682.2 681.5 0.7 560 682.6 682.2 0.4

aStructurtl ~s are 6$ follows: I-bridge or culvert; 2-dBm, siff, or _ir. Hrdfllulica"y si(JnificMlt structurtls artl cMnot«! by an S;hydrllUlicIJIly insil/nificant structuff1S are cMnot«! br an I.

bA bridf/e has an sdequatlt hydrllUlic capacity if it wiff rtlmain open during 8 ffood naving a recurrence ;n~rwtl8f1ualto or lass than the ftJCOfflfMnded design frtNIuency. A bridge is hrdrllUlial!y inMlt!quatlt if the NJproach rOlld orbridga t*ck is ovenO/lP8d by 11 flood hellitlfl a r«urnJnetJ intltfNI eqUIJI to or /au than the recornmMJdBd delitpJ ffflqlHlncy.

cSlICkwater is defined as the chllnftJ in stage from the upstream side of the hrdfllulic structure tf) the downstffl,,", side.

d The flOOd st. indicat«! ffIP"sents thtl water surface e/elllJtion approximlltely '00 feet from the bri••

Sou~: SEWRPC.

Table F·3

HYDROLOGIC-HYDRAULIC SUMMARY-KENOSHA BRANCH: YEAR 2000 PLANNED LAND USE AND PLANNED CHANNEL CONDITIONS

Structure Identification and Selected Characteristics 10·Yeat Recurrence Interval Flood SO-Year Aecurrence Interval Flood 1DO-Year Recurrence Interval Flood

Structure Recommended Instantaneous Upstream Downstream Depth at Low Depth on Road Instantaneous Upstream DO:;~am Depth at Low Depth on Road Instantaneous Upstream Downstream Depth at Low Depth 00 Road
Type and Design Adequate Peak Staged Staged Point in Bridge at Centerline Peak 5_d Point in Bridge at Centerline Peak Staged Staged Point in Bridge at Centerline

Number I IRiver Hydraulic Frequency Hydraulic Discharge {feet above (feet above BackwaterC Approach Road of Bridge Discharge (feet above (feet above BackwaterC Approach Road of Bridge Oischarge (feet above (feet above BackwaterC Approach Road of Bridge
Name Mile Significancea (vearsl Capacitvb (efs! mstl msl) (feet! (feet: (feet! (ds) msl) msll (feet! (feetl (feet! jefs! msl) msll Ifeet! (feet! (feetl

1200 120'h A",", 10.76 15 50 No 485 610.3 602.9 7.4 0.5 0.5 785 611.6 603.5 8.1 IS 1.8 885 611.8 603.6 8.2 2.0 2.0
1205 Private 8ridge 0.82 11 485 785 865
1210 Chicago, North Shore & 0.87 15 355 612.2 610,4 1.8 650 619.0 611.7 7.3 0.6 0.3 735 619.4 612.0 7.4 1.0 0.7

Milwaukee Railroad
(abandoned)

1215 ICTH Y122nd AlI'8nue lOBO I 15 I 50 I No I 355 I 615.7 I 612.2 I 3.5 I I I 650 I 620.9 I 619.0 I I.. I 0.7 I 0.7 I 735 I 620.9 I 619.4 I 1.5 I 0.7 I 0.7
1220 25th Avenue 1.1 11 -- 355 850 735

aStructure codes are as follows: l-brit/fle or culvert; 2-dam, sill, or weir. Hydraulically significatft structures are denoted by an S;hydraulically insignificant structures are denoted by an I.

bA bridge has en adequate hydraulic capacitY if it will remain open during a /food having a recurrence interWlI equal to or less than the recommended design frequency. A bridge is hydraulicallr inadequate if the approach road or bridge deck is Oll6rfOPpe(/ by a flood hailing a recurrence interlllJl equal to or less than the recommended desiflrl frequency.

cBackwater is defined as the chanf18 in stage from the upstream sida of the hydraulic structure to the downstream side.

d The flOod stage indicated represents the water surface elevation approximately 100 feet from the bridge.

Source: SEWRPC.



Table F-4

HYDROLOGIC·HYDRAULIC SUMMARY-SORENSON CREEK: YEAR 2000 PLANNED LAND USE AND PLANNED CHANNEL CONDITIONS

Structure Identification and Selected Characteristics lO-Year Recurrence Interval Flood 50·Year Recurrence Interval Flood l00-Year Recurrence Interval Flood

Structure Recommended lnst..ntaneous
U~::~

Downstream Depth at Low Depth on Road Instantaneous
u::;~:~m

Downstream Depth at Low Depth on Road
'"'''"''",0", I up",,,m, I Dow"",,,m 1 .1 Depth .. Low JDepth 0" R"".

Type and Design Adequate Pe"k Staged Point in Bridge at Centerline Peak Stage. Point in Bridge at Centerline Peak Staged Staged Point in Bridge at Centerline

River Hydraulic Frequency Hydraulic Discharge (feetabovl:! (feet above Backwatel Approach Road of Bridge Discharge lfeetabove (feet above BackwaterC Approach Road of Bridge Discharge (feet above (feet above 8ackwaterC Approach Road of Bridge
Number Name Mile Significancea (years) Capacityb leh) msl) mstl (feet) (feet) (feetl (cis) msll msll {feet} (feetl (feetl lefs) msll msll (feet! (feed {feet!

1000 Private Bridge 0,03 11 B30 1,010 1,080
,005 Private Bridge 0.92 11 720 1,150 1,240

1010 CTH KRI 1.56 's 50 No 720 614.7 611.1 3.B 1,150 617.2 611,5 5.7 0.3 0.3 1,240

I
617.2

I
611.6

I
5.B

I
0.3

I
0.3

County Line Road
1015 Private Bridge 1.67 15 720 615.1 614.8 0.3 l.B l.B 1,150 617.4 617.2 0.2 3.9 3.9 1,240 617.4 617.3 0.' 3,9 3 .•
1020 Chicago, North Shore & 1.96 'S BtO 616.4 615.7 0.7 1,040 620.5 617.7 2.B 1,120 621.1 617.8 3.3

Milwaukee Railroad
(abandonedl

1025 Private Bridge 2.37 IS 530 622.3 620.2 2.t 905 623.9 622,2 1.7 1.5 1.5 9BO 624.0 622.6 1.4 I l.B I l.B
1030 Lathrop Avenue 2.62 15 50 V" 530 626.9 624.1 2.8 905 629.4 625.6 3.8 980 629.8 625.8 '.0
1035 Chicory Road 2.93 15 50 V" 512 632.0 630.8 1.2 770 633.1 631.8 1.3 B35 633.3 632.0 1.3
1040 Private Bridge 3.03 IS 450 636.7 633.7 3.0 t.1 t.1 660 637.5 634.6 2.9 '9 I.. 115 637.6 634.8 2.B

I
2.0

I
2.0

1045 Pleasant Lane 3.15 15 to No 450 638.7 637.1 1.6 0.5 0,5 660 638.9 637.8 l.t 0.7 0.7 115 638.9 638.0 0,9 0.7 0.7
10SO Taylor Avenue 3.49 15 50 No 445 651.2 645.8 5.4

e
615 652.4 646.5 5.ge 0.2 0,2 B50 652.7 646.6 6.1 e

0.7 0.5

aStructure codes are as fof/ows: I-bridge or culvert; 2-dam,sifl,or weir. Hydraulically significant structures are denoted by an S;hydraulicafly insignificant structures are denoted by an I.

bA bridge has an adequate hydraulic capacitY if it wiff remain open during a flood hailing a recurrence interval equal to or less than the recommended design frequency. A bridge is hydraulically inadequate if the approach road or bridge deck is overtopped bv a flood hailing a recurrence interval equal to or less than the reCommended design frequency.

cs«kwstBr is defined as the change in stage from the upstream side of the hydraulic structure to the downstream side.

d The flood st. indicated represents the water surface alevation approximatelv 100 fHt from the bric/fle.

Sourctl: SEWRPC.

Table F-5

HYDROLOGIC-HYDRAULIC SUMMARY-NELSON CREEK: YEAR 2000 PLANNED LAND USE AND PLANNED CHANNEL CONDITIONS

Structure Identification and Selected Characteristics 10-Year Recurrence Interval Flood SO·Year Recurrence Interval Flood l00-Year Recurrence Interval Flood

Structure Recommended Instantaneous Upstream Downstream Depth at Low Depth on Road Instantaneous
u;:::~m

Downstream Depth at Low Depth on Road Instantaneous
U;t::~ DO;t~~,am

Depth at Low Depth on Road
Type and Design Adequate Peak Staged Staged Point in Bridge at Centerline Peak Staged Point in Bridge at Centerline Peak Point in Bridge at Centerline

River I, Hydraulic Frequency Hydraulic Discharge (feet above (feet above Backwate,c Approach Road of Bridge Discharge (feet above (feet above BackwaterC Approilch Roild of Bridge Dischilrge (feet above lfeetabove Backwatl:lrC Approach Road of Bridge
Number I Name I Mile Significancea (years) CilPacityb (cis) msll msll lfeet) lfeed (feet) (ch) msl) msll (feed (feetl (feed (chi msl) mst) (feet) (feet) (feet!

1100 IPrivate Bridge I 0.0~ I 15 119 603.2 598.9 3.6 0.6 0.' 208 603.2 599.9 3.3 0,6 0.' 236 603.3 600.0 3.3 0,7 0.5
1105 Chicago, North Shore & 0.12 15 11. 603.4 603.2 0.2 208 604.0 603.2 0.8 236 604.3 603.3 1.0

Milwaukee Railroad
(abandoned)

1110 Private Bridge 0.15 11 119 208 236
1115 Lathrop Avenue 0.44 15 50 V" 11. 609.6 607.2 2,' 208 611.2 607.7 3.5 236

I
611.6

I
607.8

I
3,8

1120 Lathrop Avenue 0.55 15 50 No 11. 612.1 609.7 2.4 208 614.5 611.2 3.3 0.2 0,2 236 614.6 611.6 3.0 I 0.3 I 0.3

'''' Lathrop Avenue 0.62 15 50 No 11. 615.0 612.1 2,9 0.6 0.6 20B 615.4 614.5 0,. 1.0 1.0 236 615.5 614.6 0 .• 1.1 1.1
1130 CTH KRI 0.80 IS 50 V" 140 617.8 615.4 2.4 225 618.9 616.0 2.9 255 619.3 616.1 3.2

County Line Road
1135 Private Bridge 1.27 11 150 255 2B5
1140 Private Bridge 1.63 11 '60 265 310
1145 Private Bridge 1.67 11 '60 265 310

aStructure codes are as follows: I-bridge or cul'IBrt; 2-dam, sill, or weir. Hydraulically significant structures are denoted by an S; hydrllUlicslly insignificant structures are dilnoted by an I.

bA bridgB has an adBquate hvdraulic capacity if it will f8main open during a flood having a f8currencs inter".1 Bqual to or Jess than the f8Commend«J design frBqutmcy. A bridge is hydraulically inadequata if the approsch road or bridge deck is O'lflrtopped by a flood having a recurf8nce interlllll Bqual to or less than the r«:ommended design frequency.

c B8ckwater is defined as the change in stage from the upstream side of Me hydraulic structure to the downstream ~id8.

d The flood stllfllJ indicated represents the water surface eleWJtion approximately '00 feet from the bridge.

0-.. eThere is a difference in stf8ambed elevation of approximatelv 4.5 feet between th8 uPstf8am side and the downstream side of the Taylor Avenue bridge.
Co)

W Source: SEWRPC.
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Table F-6

HYDROLOGIC-HYDRAULIC SUMMARY-PIKE CREEK: YEAR 2000 PLANNED LAND USE AND PLANNED CHANNEL CONDITIONS

Structure Identification and Selected Characteristics lO·Year Recurrence Interval flood 50-Year Recurrence Interval Flood l00-Year Recurrence Interval Flood

Structure Recommended Instantaneous Upstream Downstream Depth allow Depth on Road Instantaneous Upstream
DO~t:~:aam

Depth at Low Depth on Road InstantaneOlJS
U:::~m

Downstream Depth at Low Depth on Road
Tvpe and Design Adequate Peak Stilged Staged Point in Bridge at Centerline Peak Staged Point in Bridge at Centerline ",. Staged Point in Bridge at Centerline

River Hydraulic Frequencv Hvdr(luJic Discharge Ifeetabove (feel above BackwaterC Approach Road of Bridge Discharge {feet above (feetabo..,e BackwaterC ApprOach Road 01 Bridge Discharge (feet above (feet above Backwatel Approach Road of Bridge
Number Name Mile Significancea lvearsl Capacitv b (chI 'l"lsll msll (feed (feet) {feet} Idsl msl) msll (feetl (feet) lfeetl {dsl msll msll (feet! Ifeet) (feet)

500 STH 31/Green Bay Road 0.05 15 50 No 1,450 643.1 642.4 0.7 2,310 645.2 645.0 0.2 1.7 1.2 2,750 645.7 645.5, 0.2 2.2 1.7
505 Private Bridge 0.89 11 1,450 2,310 2,750
510 Private Bridge 1.42 11 1,450 2,310 2,750
515 CTH E/12th Street 2.13 15 50 V" 1,450 659.9 659.8 0.1 2,310 661.5 661.3 0.2 2,750

I
662.1

I
661.9

I
0.2

520 Town of Somers 3.17 15 10 V" 1,330 664.7 664.4 0.3 2,170 666.8 666.4 0.4 2,650 668.0 667.4 0.6
Transfer Station

525 Chicago & North 3.29 15 100 V" 1,330 665.7 664.9 0.8 2,170 668.2 667.0 1.2 2,650 669.4 667.9 1.5
Western Tr'lnspOrlation
Company

530 CTH LlUchter Road 3,34 15 50 V" 1,330 666.4 665.7 0.7 2,170 669.1 668.2 0.9 2,650 I 670.3 I 669.4 I 0.9
535 Private Bridge 3.98 11 1,330 2,170 2,650
540 Private Bridge 4.12 11 1,330 2,170 2,650
545 Private Bridge 4.24 15 1,330 2,170 2,650
550 STH 142/5. 43rd Street 4.86 15 50 V" 1,330 669.1 669.0 0.1 2,170 671.7 671.6 0.1 2,650

I
6728

I
672.7

I

0.1
555 Footbridge 4.90 11 1,310 2,170 2,650
560 STH 158/52nd Street 5.90 IS 50 V" 1,060 671.4 671.2 0.2 1,710 673.8 673.6 0.2 2,050 6749 674.7 0.2
565 CTH K/60th Street 6.45 IS 50 V" 930 673.2 673.0 0.2 1,530 675.4 675.2 0.2 1,850 6764 676.2 0 ..-]..
570 Chicago, MilwllOkee, 6.85 IS 100 V" 590 673.9 673.8 01 980 676.1 676.0 0.1 1,200 677 1 677.0 0.1

St. Paul & Pacific
Railroad Company, ,

aStructure COrHS are as foffows: 1-bridg8 or culllert; 2-dam.sill,or ~ir.Hydraulically significant structures are rMfIOred by an S;hydraulically insignificant structures are denoted by an I.

bA bridge has an iid«Iuate hvdraufic capacitv if it will remain OPf!n during a flood having a recurrence interllal equal to or less than the recommended design frequency. A bridge is hydraulically inadequate if the approach rCUld or bridge deck is Ollertopped by a flood having a recurrence interval equal to or less than the recommMIded deJign frequency,

cBackwater is defined as the change in stage from the upstream side of the hydraufic structure to the downstream sirM.

d The flood stage ,ndicated repre~nts the watltr surface elevation approximatltlV 100 feet from the bridge,

Source: SEWRPC.

Table F·7

HYDROLOGIC-HYDRAULIC SUMMARY-SOMERS BRANCH: YEAR 2000 PLANNED LAND USE AND PLANNED CHANNEL CONDITIONS

Structure Identification and Selected Characteristics 10·Year Recurrence Interval Flood 50·Year Recurrence Interval Flood l00·Year Recurrence Interval Flood

Structure Recommended Instantaneous Upstream Downstream Depth at Low Depth on Road Instantaneous Upstream Downstr~am Depth at Low Depth on Road
In"'n1on'o", Iup",,,m.1 Oown",,,m 1 'I Oopth '" LOW; IOopth on AoadTvpe and Design Adequate Peak Staged Staged Point in Bridge at Centerline Peak Staged Sl... Point in Bridge at Centerline Peak Staged Staged Point in Bridge at Centerline

Number I
River Hydraulic FreqUlilncy Hydraulic DisCharge {feet above (feet above Backwatel Approach Road of Bridge Discharge (feet above (feet above Backwatel Approach Road of Bridge Discharge Ifeet above (feet above Backwatel Approach Road of Bridge

Name Mile Significancea lyears) Capacityb lch) msl) msll (feed (felt) (feet! lcfs! msll msll Ifeetl (feet) (feet I (chi msll msll (feet! lfeetl (feetl

800 I,,;v,", O,ld.. 0.06 11 110 255 320
805 Private Bridge 0.53 11 110 255 320
810 Chicago & North 0.69 IS 100 V" 110 669.4 669.1 0.3 255 671.5 670.1 1.4 320 I 672,6 I 670,3 1 2.3

western TransportatIon
Company

815 IcrH EA/llOlh St"..

I
'll

I
IS

I

50

1

V"

1

115

1

6739

1

673B

1

0.1

I I I

270

I

6755

I

675.3

I

0.2

I I I

320

I

675B

I

675.5

I
0.3

020 Private Bridge 1.43 11 70 tlO 120
825 Private Bridge 1.77 IS 60 6907 689.8 0.9 95 6916 690.3 1.3 tlO 6923 690.5 1.0
830 Private Bridge 1.94 11 55 80 90
035 Chicago, Milwaukee, 1.95 IS 100 V" 55 6942 691.7 2.5 80 6946 692.3 2.3 90 6953 692.7 2.6

St. Paul & Pacific
Railroad Company

840 I Private Bridge I 2.31 1 11 I I I 300 I I I I I I 500 I I I I I I 560

8Structure r:o<Us are as folJows: , -tuidge or cvlye-rt; 2-dam. sill, or weir. Hydraulically significant structures are tMnoted by an S;hydraulically insif/flificant structures are denoted by an I

bA bridge has an adequate hydraulic capacitv if it wi" remain o".n during a flood hailing a recurrence interval equal to or less th8n the recommended tMsign frequency. A bridge is hydraulicall." inadequate if the approach road or bridge deck is ollertapped b." a flood hailing a recurrence interval equal to or less than the recommendecl design frequltncy.

cBackwater ifi defined as rhIt change in stage from the upstream side of the hydrauiic structure to the downstream side.

d The flood ttage indicated represents the warer surf<JC8 elevation approJlimate/y '00 fHt from the bridge.

Source: SEWRPC.



Table F-8

HYDROLOGIC·HYDRAULIC SUMMARY-AIRPORT BRANCH: YEAR 2000 PLANNED LAND USE AND PLANNED CHANNEL CONDITIONS

Structure Identification and Sele<;ted Characteristics

Number Name
River
Mile

Structure
Type and
Hydraulic

Significance8

Recommended
Design

Frequency
lyearsl

Adequate
HVdraulic
Capacityb

'n"""n.o", IUp",..m IDown"'.l,m Depth on Road
Peak Staged Stage at Centerline

Discharge (feet above (feet above of Bridge
Ids) wsll msl) (feed

900 IPrivate Bridge
905 Private Bridge
910 Chicago, Milwaukee,

St. Paul & Pacific
Railroad Company

0.18
0.39
0.41

11
11
lS 100 v"

930
930
930 673.7 673.1 D.•

1,420
1.420
1,420 675.1 674.4 0.7

1,570
1,570
1,570 614.9 674.3 D.•

·Strucrure cOfUs are ilS follows; I-bridge or culvert; 2-dam. sill, or weir. Hydraulics"v significant structures are denoted by an S;hydraulically if/si{Joificanr structurt!s afe denoted by an I.

bA bridge has an adequate hydraulic capacitY if it wifl remain oPen during a flood having a recurrence interval equal to or less than thtt recommended design frequency. A bridgtt is hydraufically inadequilftt if the ttPprtUCh road or bridge tHck is OtlflrropPttd by • ffood having. recurrence infttrval aquaf to or less th,m the rtJCOtrlmenthd design frequency.

cBackwater is defined as the change in stage from tM upstream side of the hydraulic structure to the downstream side.

d The flood stage indicated repreunrs the water surface elevation approximafttfY '00 feet from the bridge.

Source: SEWRPC.

Table F-9

HYDROLOGIC-HYDRAULIC SUMMARY-LAMPAREK DITCH: YEAR 2000 PLANNED LAND USE AND PLANNED CHANNEL CONDITIONS

Structure Identification ilnd Selected Characteristics 10·Year Recurrence Interval Flood 50-Year Recurrence Interval f:lood 100·Year Recurrence Interval Flood

Structure Recommended Instantaneous
u~:::~m

Downstream Depth at low Depth on Road Instantaneous UPstream DO;t::~am Depth at low Depth on Road Instantaneous Upstream Downstream I D.p,h" Low ID",,'h on Rood
TYPl:Iand Design Adequate Peak Staged Point in Bridge at Centerli.ne Peak Staged Point in Bridge at Centerline Peak Staged Staged Point in Bridge at Centerline

River I Hydraulic Frequency Hydraulic Discharge lfeetabove lfeetabove BackwaterC Approach Road of Bridge Discharge (feet above (feet above BackwaterC Approach Road of Bridge Discharge (feet above Heetabove BackwaterC Approach Road of Bridge

Number I Name IMile Significancea (years) Capacityb lcfsl msll msl) !feed (feetl (feed lefs) msll msl} (feet) (feet) (feet) lcfs) msll msll (feet) !feed (feed

700 IPrivate Bridge I 05~ I lS 25 664.7 662.5 2.2 140 668.0 664.2 3.8 205 669.6 664.9 4.7
705 Chicago & North 0.77 lS 100 V" 25 669.6 667.5 2.1 140 673.5 669.0 4.5 205 673.8 670.2 3 .•

Western Transportation
Company

710 I90th Street 15·1
IS

I
50 V"

I
20 I 680.8 I

680.4 0.4

I I I
120

I
682.4

I
682.1

I
0.3 I I I

170

I
683.0

I
682.6

I
0.4

715 Private Bridge 2.12 11 20 110 155
720 Chicago,Milwaukee, 2.26 lS 100 V" 20 699.0 697.2 lB 100 702.5 698B 3:7 140 703.2 699.4 3.8

St. Paul & Pacific
Railroad Company

725 IPrivate Bridge I 2 .• ' I 11 I I 20 I 7~~.6 I I I I 90 I -- I I I I I 130
730 Private Bridge 2.73 IS 15 709.0 D.• 80 711.3 710.5 0.8 115 I 712.0 I 711.1 I 0.9

·Structure codes are as foffows: I-bridge or culllf1rt; 2-dam, silf, or weir. Hydraulic.ffy significant structures are denoted by an S; hydraulically insignificant structUfflS are denoted by an I.

bA bridge has an adequate hydraulic capaciry if it will remain open during a flood having a recurrence interval equal to or less than the recommended design frequency. A bridge is hydraulicafly inadequate if theapp~ road or bridge deck is oWlrropped by a flood having a recurrenCfJ interval equal to or IIISS than the recommended design frequttncy.

cBackwater is defined as the change in stage from the upstream side of the hydraulic structUrfJ ro the downstream side.

f:; d The flood stB!Je indicated represents the water surface elevation approximately 100 feet from the bridge.

til
Source: SEWRPC.
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Table F-10

HYDROLOGIC-HYDRAULIC SUMMARY-CHICORY CREEK: YEAR 2000 PLANNED LAND USE AND PLANNED CHANNEL CONDITIONS

Structure Identification and Selected Characteristics lO·Year Recurrence Interval Flood 50·Year Recurrence Interval Flood lOO-Vear Recurrence Interval Flood

Recommended Instantaneous
u~:;;:~m

Downstream Depth at low Depth on Road Instantaneous u~:;:~m Downstream Depth at Low Depth on Road '0'''0''0'''''' Iup,,,,,m, Ioowo,"~.m I' I 0",,,,, Low I0",,, 00 Ro.d
Design Adequate PeClk Staged Point in Bridge at Centerline Peak Staged Point in Bridge at Centerline Peak Staged Stage POInt In Bridge at centerline

Number I Frequency Hydraulic Discharge (feet above (feet above Backwater' Approach Road of Bridge Discharge /feet above lfeet above BackwaterC Approach Road of Bridg,e Discharge (feet above (feet 8Ibove Bad~waterC AppfQacn Road of Bridge

Nom. (years) Capachyb Ids) msl) msll (feed (feet) (feet) Ids) msll msl) (feet) (feed (feet! (cfs) msl) msl) (feed (feet) (leet)

600 11 35 95 140
605 lS 100 V" 3S 613.3 611.5 1.8 95 614.2 612.3 1.9 140 614.7 I 612.6 I 2.1

610 614.7

I
3.1 I 1.0 I 1.0

615 611.8 2.0 1.8 0.2
620 684.2 1.8

aStructure codes an as follows: ~-bridge or cullltJrt; 2-dam.sill.or WlIir. Hydrau!icaJly significant structuns are denoted by an S;hydraulicall'linsignificant structures are denoted by an I.

bA bridge has an adequate hYdraulic capacity if it will remain open during a flood hailing II recurrence interval equal to or fess than the recommended design frequency. A bridge is hydraulica"y inadt!quate if the approach road or bridge deck is overtopped by a flood hailing a recurrence interval eqUitI to or less than thO rfICommended design freq~ncy.

cSackwarer is defined as the change in stage from the upstream side of the hydraulic structure to the downstream side.

d The flood stage indicated represents the watOr wrlace elell8tiOtJ approximately 100 fHt from the bridge.

Source; SEWRPC.

Table F·11

HYDROLOGIC-HYDRAULIC SUMMARY-WAXDALE CREEK AND THE TRIBUTARY TO
WAXDALE CREEK: YEAR 2000 PLANNED LAND USE AND PLANNED CHANNEL CONDITIONS

Structure Identification and Selected Characteristics 10·Year Recurrence Interval Flood 50·Year Recurrence Interval Floocl lOO-Year Recurrence Interval Flood

Structure Recommended Instantaneous Upstream Downstream Depth at low Deplh on Road Instantaneous Upstream Downstream Depth at low Depth on Road InstantaneOUS Upstream Downstream ,I 0",,",, Low1o.p," 00 Rood'I Tvp"od
Design Adequate Peak Staged Staged Point in Bridge lit Centerline Peak Staged Staged Point in Bridge at Centerline Peak Staged S_d Point in Bridge at Cent~rline

River Hydraulic Frequency Hydraulic Discharge (feel above lfeetabove BackwaterC Approach Road of Bridge Discharge Ueetabove (feet above BackwaterC Approach Road of Bridge Discharge (feet above (feet above BackwaterC Approach Road of Bridge
Name Mile Significance" (years) Capacityb Ids) msll msl) Ifeetl (feeH /feet! (cfs) msll msl) (feet) (feet) (feeH letsl msll msll (feeH (feet) (teet)

400 0.27 l lS 100 V" 170 666.9 663.6e 3.3 2SO 668.0 667.1 e 0.9 280 668.2 667.B
e 0.4

405
0.

29
1

lS 50 y" 170 661.0 666.9 0.1 I 250 668.2 I 668.0 0.2 I I 280 I 668.6 I 668.2 0.4
410 0.41 lS 100 V" 150 668.0 667.3 0.7 230 610.2 668£ 1.. 255 610.9 668.9 2.0

415 1.2
420
425 1.5
430 06

8Structure codes are as follows: '-bridge or cufllert; 2-dam.si//, or weir. Hvdrau/icaflv significant structures are denoted by an S;hydraulicalJyinsignificant structures 8re denoted by an I.

bA bridge has an adequate hvdraulic capacity if it will remain open during II flood hailing a recurrence interval equal to or fess than the recommended design frequency. A bridge is hydraulicaffy inadequate if tlls approach road or bridge deck is ollertOPPed by a flOod hailing OJ recurrence intflflllJl equal to or less than the recommended design frequency.

cSackwater is defined as the change in stage from the upstream side of the hydraulic structure to the downstream side

d The flood stage indicated represtmts the water surface elevation aPproximatelv 100 feet from the bridge.

e The flood stage indicated represents the water surface elevation of the Pike Rillef at the confluence with WlIKdafe Creek.

Source: SEWRPC.
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Table F-12

HYDROLOGIC·HYDRAULIC SUMMARY-BARTLETT BRANCH: YEAR 2000 PLANNED LAND USE AND PLANNED CHANNEL CONDITIONS

Structure Identification and Selected Characteristics H)-Year Recurrence Interval Flood 50-Year Recurrence Interval Flood l00-Year Recurrence Interval Flood

Structure Recommended Instantaneous Upstre~ Downstream Depth CIt Low Depth on Road Instantaneous
u~;~:~m

Downstream Depth at Low Depth on Aoad Instantaneous Upstream Da;t::~am
Depth at Low Depth on Road

Type and Design Adequate Peak Stag. Staged Point in Bridge at Centerline Peak Staged Point in Bridge at Centerline Peak Staged Point in Bridge at Centerline

Number I IRj~r Hydraulic Frequency Hydraulic Discharge lfeetabove (feet above BackwaterC Approach Road of Bridge Discharge (feet above (feet above BlICkwater
C Approach Road of Bridge Discharge (feet above jfeetabove BackwaterC Approach Road of Bridge

N~. Mile Significancea (yearsl Capacityb Idsl msll msl) (feetl (foeti (feetl (ch) msl) msl) (feetl (feetl lfeed Ichl msll msll (feetl (feetl (feetl

3251Pd'''' .,i.go I0.'2 'S 300 680.1 678.6 1.5 520 681.9 680.4 1.5 590 683.0 681.0 2.0
330 Private Bridge 0.32 'S 300 681.0 680.4 0.6 520 682.4 682.2 0.2 0.4 590 683.4 683.2 0.2 1.4 1.0
335 Chicago & North 0.34 'S 100 V" 300 681.6 681.0 0.6 S20 683.5 682.4 I., 590 685.2 683.4 '.8

Western Transportation
Company

340 Stuart Road 0.53 'S 50 V" 365 683.1 682.1 1.0 705 687.5 684.0 3.5 800

I 688. I 685.4

I 3.4 I 0.6 I 0.6
345 Footbridge 0.67 11 325 660 750
350 Clinton Lane Extended 0.79 'S '0 V" 225 684.2 684.0 0.2 380 687.9 687.8 0.1 3.' 1.1 4'5 689.0 689.0 0.0 4.2 2.2
355 Private 8ridge 1.07 11 2'0 340 370
360 Footbridge 1.16 11 2'0 340 370

I365 Spring Street 1.21 IS 10 V" 190 686.1 684.7 1.4 290 691.1 687.9 3.2 315 692.7 I 689.' I 3.6

aStrucrure codes are as follows: '-bridge or culvert; 2-dam.sill,or weir. Hydraulically significant structures are denoted by an S;hydraulice1/yinsignificant structures are denoted by an J.

bA bridge has lin adequate hydraulic capacity if it will remain open during a flood having a ~rrence interval equ81 to or len than the recommended design frequency. A bridge is hydraulically inadequate if the approach road or bridge deck is owrropped by a flood having a reCUffBrte8 interval equal to or len than rhe rtteOm~d~design frequency.

cSackwater is defined as the change in stag8 from the upstream side of the hydraulic strucru~ to rhe downstream side.

d The flood stage indicated represents the water wrface elevation approximately 100 feet from the bridge.

Source: SEWRPC.
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FLOOD STAGE AND STREAMBED PROFILES AND AERIAL PHOTOGRAPHS SHOWING AREAS SUBJECT TO FLOODING

Map G-'

AERIAL PHOTOGRAPH SHOWING AREAS SUBJECT TO FLOOOING ALONG THE PIKE RIVER (RIVER MILE 0.00 TO 4.50)
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Figure G-1

FLOOD STAGE AND STREAMBED PROFILE FOR THE PIKE RIVER (RIVER MILE 0.00 TO 4.501
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Figure G-2

FLOOD STAGE AND STREAMBED PROFILE FOR THE PIKE RIVER (RIVER MILE 4.50 TO 9.00)
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AERIAL PHOTOGRAPH SHOWING AREAS SUBJECT TO FLOOOING ALONG THE PIKE RIVER (RIVER MILE 9.00 TO 13.501
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Figure G·3

FLOOD STAGE AND STREAMBED PROFILE FOR THE PIKE RIVER (RIVER MILE 9.00-13.50)
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AERIAL PHOTOGRAPH SHOWING AREAS SUBJECT TO FLOODING ALONG THE PIKE RIVER (RIVER MILE 13.50 TO 16.40)
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Figure G-4

FLOOD STAGE AND STREAMBED PROFILE FOR THE PIKE RIVER (RIVER MILE 13.50 TO 16.401
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'" AERIAL PHOTOGRAPH SHOWING AREAS SUBJECT TO FLOOOING ALONG KENOSHA BRANCH
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Figure G-5

FLOOD STAGE AND STREAMBED PROFILE FOR KENOSHA BRANCH
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AERIAL PHOTOGRAPH SHOWING AREAS SUBJECT TO FLOODING ALONG SORENSON CREEK
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Figure G·6

FLOOD STAGE AND STREAMBED PROFILE FOR SORENSON CREEK
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AERIAL PHOTOGRAPH SHOWING AREAS SUBJECT TO FLOOOING ALONG NELSON CREEK
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Figure G·7

FLOOD STAGE AND STREAMBED PROFILE FOR NELSON CREEK
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Figure G-8
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AERIAL PHOTOGRAPH SHOWING AREAS SUBJECT TO FLOODING ALONG PIKE CREEK (RIVER MILE 4.50 TO 7.501
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Figure G-g

FLOOD STAGE AND STREAMBED PROFILE FOR PIKE CREEK (RIVER MILE 4.50 TO 7.50)
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Figure G-l0

FLOOD STAGE AND STREAMBED PROFILE FOR SOMERS BRANCH
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Figure G·13

FLOOD STAGE AND STREAMBED PROFILE FOR LAMPAREK DITCH
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Figure G-16
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Appendix H

LARGE-SCALE TOPOGRAPHIC FLOOD HAZARD MAPS FOR THE PIKE RIVER WATERSHED

Map H-1

INDEX TO LARGE-SCALE TOPOGRAPHIC FLOOD
HAZARD MAPPING IN THE PIKE RIVER WATERSHED: 1983

LEGe<>

0

0

"
... , A'

~

"

t
. ~"T"" ._.



Map H-2

TYPICAL FLOOD HAZARD MAP OF A PORTION OF THE PIKE RIVER WATERSHED
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Table H-1

SELECTED INFORMATION PERTAINING TO LARGE-SCALE TOPOGRAPHIC
FLOOD HAZARD MAPS IN THE PIKE RIVER WATERSHEDa

Agency From Date of
Which Flood Hazard Identification Photography

Mapping Can Number on City, Village, Used for Map
County be Obtained Map H-1 or Town Preparation

Kenosha Kenosha County 1 City of Kenosha April 1979
Planning and Town of Somers
Zoning
Department 2 City of Kenosha April 1970

Town of Somers

3 City of Kenosha April 1966
Town of Somers

Racine Racine County 4 Town of Mt. Pleasant April 1979
Planning and
Zoning 5 Town of Mt. Pleasant November 1974
Department

6 Village of Sturtevant April 1973

7 City of Racine April 1969
Village of Elmwood Park
Town of Mt. Pleasant

8 Town of Mt. Pleasant April 1968

aAll topographic flood hazard maps are available at a scale of 1"=200' with a contour interval of two feet.

Source: SEWRPC.
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Appendix I

STAFF-PROPOSED FISHERY RESOURCE DEVELOPMENT PLAN ELEMENT

The following discussion pertains to measures that may be taken within the Pike River watershed to
enhance the fishery, given the framework of land use, park and open space, floodland management, and
water quality recommendations set forth in this report. This discussion was originally presented by the
study staff to the Pike River Watershed Committee, but was not endorsed by the Committee.

POTENTIAL FOR FISHERY DEVELOPMENT

Review of fishery data collected under the watershed study indicates that the Pike River watershed pres
ently supports a dominance of fish that are generally tolerant of poor water quality conditions and
degraded physical habitat provided by the stream channels. Certain reaches of the Pike River watershed
stream system are nearly or entirely devoid of fish. Numerous adverse conditions have been created in the
stream system by human activity in the watershed over the past 150 years, and particularly over the past
50 years, resulting in the destruction of a balanced fish population within the watershed. These adverse
stream conditions are related to alterations both in water quality and in the physical habitat. The response
of fish to such changes in their habitat over the short term may not always be as dramatically evident as
a fish kill, although fish kills have occurred in the Pike River watershed, but in the long term the final
result is the same. For example, adverse stream conditions may affect the natural reproduction of a fish
species so that a few individuals are lost each year. Over time, the cumulative effects are such that the fish
species within the watershed is extirpated.

The water pollution abatement measures recommended in the watershed plan constitute the most basic
fishery enhancement measures possible. Improvement in water quality conditions may be expected to be
accompanied by an improved fishery, at least in those stream reaches physically able to sustain a fishery.
Certain additional measures may be taken in order to prevent the further decline of the Pike River water
shed fishery and, to the extent practicable, rehabilitate the warmwater fishery, as well as enhance a limited
sport fishery, within the Pike River watershed. These measures may be considered as accessory to the land
use, park and open space, flood control, and water pollution abatement elements of the watershed plan.

In order to develop a set of management recommendations which will result in the maintenance and
rehabilitation of a warmwater fishery within the Pike River watershed, it is necessary to identify the prob
lems which have plagued the watershed in the past and continue to affect its fishery. Only by understanding
these problems is it possible to consider the potential for changes in land and water resources management
which could result in improvement in the fish habitat. The specific problems which have resulted in the
degradation of the fishery include:

1. The draining and filling of wetlands adjacent to the stream system, which has resulted in a loss of
fish spawning, nursery, and feeding areas.

2. The ditching and realignment of stream channels, which has resulted in a uniform aquatic environ
ment where there was once a great heterogeneity in the form of alternating riffles, pools, and runs.
This ditching and realignment of the stream channels has resulted in uniform bottom types and
water velocities which limit the types of fish that can normally inhabit a stream system, and has
thereby reduced the natural diversity.

3. Runoff from agricultural lands and construction sites which transports sediment into the stream
system, filling pools, covering gravel beds and plants, clogging the gills of fish, increasing turbidity,
interfering with the mating and feeding behavior of fish, and, through abrasive action, sometimes
injuring fish.

4. Extreme fluctuations of water flow, which create alternating scouring and stagnant conditions within
the stream system.
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5. Runoff waters containing pesticides and fertilizers from urban and rural lands, sewage treatment
plant effluent, industrial discharges, and chemical spills which have caused a decline in water quality
conditions.

6. The lack of instream vegetation and cover, which has prevented fish from finding shelter from
predators and sudden floods. Some fish species may not carryon normal reproductive activities
without _proper cover. In addition, the lack of vegetative cover for other aquatic organisms may
reduce the food resources available to fish, thereby affecting their growth and reproductive capacity.

7. The Petrifying Springs County Park dam, the Kenosha Country Club spillway, and the fish gate at
the Sheridan Road Bridge, as well as the occasional sandbars across the mouth of the Pike River,
all inhibit the natural migration of fish up and down the stream system and into and out of Lake
Michigan. These structures affect the reproductive habits and natural dispersal of fish species within
the watershed. The recruitment of new fish species into depopulated areas is hampered or entirely
prevented as a result of these obstructions.

8. As a result of the above-mentioned problems, the fish population of the Pike River watershed has
reached a point where the natural source of "seed stock" necessary to restore the depopulated areas
of the watershed is apparently lacking. Very tolerant fish, such as fathead minnow and carp, do well
in the stream system; but intolerant species, such as darters, daces, and stonerollers, are lacking. Even
such tolerant species as largemouth bass and bluegills would be more abundant in the Pike River
watershed if a balanced fishery were present.

In an urbanizing watershed such as the Pike, it is not practicable to consider halting the historic trends in
some of these factors. For example, the draining and filling of some wetlands along certain stream reaches
and the ditching and realignment of stream channels may be expected to continue; indeed, the latter is
recommended in the plan for flood control and damage purposes. Similarly, large fluctuations in stream
flow cannot be totally avoided in an urbanizing watershed, where the stream system must serve urban storm
water drainage purposes. On the other hand, remaining wetlands in some reaches can be protected, pollu
tion and sediment loadings can be reduced, and certain measures, such as the revegetation of stream banks,
can be undertaken.

Based upon the Commission inventories of the fishery and related aquatic life, and of the physical features
of the stream system, the Commission rated the various stream reaches of the Pike River and its tributaries
in terms of their aquatic habitat potential. As shown on Map 1-1, the following stream reaches, totaling
18.6 miles, or 46 percent of the total perennial stream length in the watershed, are considered potentially
capable of supporting a balanced warmwater and anadromous, or seasonal, sport fishery:

• Pike River south of CTH KR in the Town of Somers and City of Kenosha.

• Sorenson Creek between Lathrop Avenue and its confluence with the Pike River in the Towns of
Mt. Pleasant and Somers.

• Pike Creek between CTH E and its confluence with the Pike River in the Town of Somers.

• School Tributary east of the Chicago & North Western Railway to its confluence with the Pike Creek
in the Town of Somers.

• Somers Branch Tributary east of the Chicago & North Western Railway to its confluence with the
Pike Creek in the Town of Somers.

This rating assumes that physical barriers, such as dams, sills, weirs, and spillways, will be removed or
altered to permit reestablishment of the fisheries in these stream reaches. Also shown on Map 1-1 are the
following stream reaches, totaling 15.2 miles, or 37 percent of the watershed, considered potentially
capable of supporting a balanced forage fishery:
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Map 1-'

POTENTIAL FISHERY DEVELOPMENT BY STREAM REACH IN THE PIKE RIVER WATERSHED
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• The Pike River between STH 20 and CTH KR in the Town of Mt. Pleasant.

• Sorenson Creek between Pleasant Lane and Lathrop Avenue in the Town of Mt. Pleasant.

• Waxdale Creek east of the village limits of the Village of Sturtevant in the Town of Mt. Pleasant.

• Chicory Creek east of 90th Street in the Town of Mt. Pleasant.

• Lamparek Ditch east of CTH H in the Town of Mt. Pleasant.

• School Tributary between CTH H and the Chicago & North Western Railway in the Town of Somers.

• Somers Branch Tributary between CTH H and the Chicago & North Western Railway in the Town of
Somers.

• Pike Creek between CTH Land CTH E in the Town of Somers.

Finally, as set forth on Map 1-1, the remaining stream reaches, totaling 6.8 miles in length, or 17 percent of
the watershed total, are considered capable of supporting only a limited forage fishery as a result of the
major irreversible cultural modifications to the land surface and channel characteristics.

The two major factors of a good fishery are the presence of those species of fish necessary to provide
recreational activity for people and a diversity of other fish species to provide a food base and overall
stability to the stream community. To promote such a fishery, the following fish management measures
should be considered as adjuncts to the land use, park and open space, flood control, and water pollution
abatement plans for the watershed.

MEASURES TO MAINTAIN A MINIMUM FISHERY

The measures that would be required to develop and maintain a minimum fishery in the Pike River water
shed are indicated on Map 1-2. These measures include the removal of the fish gate located under the Sheri
dan Road bridge near the mouth of the Pike River, which inhibits the migration of the larger salmonids.
The structural flood control measure recommended to maintain the opening at the confluence of the Pike
River with Lake Michigan would also assist in maintaining a fishery. These measures would accommodate
the migration of both the larger fish species, such as salmonids and white suckers, and the smaller forage
fish species, such as the daces, darters, and minnows.

The portion of Sorenson Creek between Lathrop Avenue in the Town of Mt. Pleasant and CTH A in the
Town of Somers would be maintained in its present condition. This could be effected by the public acquisi
tion of the primary environmental corridor along Sorenson Creek in the Town of Somers, as recommended
in the park and open space plan element.

Water quality conditions in that reach of the Lower Pike River between the spillway of the dam located
on the Kenosha Country Club grounds and the mouth of the Pike River should be upgraded to meet the
adopted state warmwater fishery water quality objectives and standards. Sediment and concentrations
of organic compounds which may be deposited in the lower reaches of the Pike River, causing stressful
oxygen-demand conditions in the proposed fishery, should be limited. In addition, the discharge of toxic
substances and leachates, including insecticides and herbicides, to the surface water system should be
eliminated. This would be effected by implementation of the diffuse source water pollution abatement
measures contained in the plan. Instream vegetation and bank cover which provide fish with shelter from
predators, food, spawning areas, and protection from floods should be reestablished in this reach of the
Pike River. In addition, the remaining wetland areas adjacent to the lower reaches of the Pike River should
be maintained in order to provide spawning and feeding areas, as well as protective cover for fish fry.
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Map 1-2

MEASURES REQUIRED TO MAINTAIN A MINIMUM FISHERY IN THE PIKE RIVER WATERSHED
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The dam located on the grounds of the Kenosha Country Club and the dam located in Petrifying Springs
County Park and attendant impoundments would be maintained. These two dams, however, act as barriers
to the upstream migration of fish species into the middle and upper reaches of the Pike River watershed
stream system. Therefore, only a limited forage fishery may be expected to be supported in the middle
and upper portions of the watershed under this fishery management proposal.

The measures required to maintain a minimum fishery in the Pike River watershed are all encomp_assed in
the water resource management and related land use recommendations of the watershed plan with the
exception of the removal of the fish gate at Sheridan Road. The cost of this removal is nominal, and such
removal could be accomplished by existing Wisconsin Department of Natural Resources personnel.

MEASURES REQUIRED TO MAINTAIN AN EXTENDED MINIMUM FISHERY

The measures required to develop and maintain an extended minimum fishery are indicated on Map 1-3.
These measures include, in addition to the removal of the fish gate at Sheridan Road, the removal or
modification of the dam located on the Kenosha Country Club grounds. This would allow the free migra
tion of all fish species between the mouth of the Pike River and the impoundment in Petrifying Springs
Park. This recommendation would provide for the maintenance of a warmwater fishery throughout the
entire lower portion of the Pike River watershed and a limited forage fishery in the upper reaches of the
Pike River and Pike Creek and their tributaries.

The measures required to maintain an extended minimum fishery in the Pike River watershed are all encom
passed in the water resource management and related land use recommendations of the watershed plan,
with the exception of the removal of the fish gate at Sheridan Road and the modification of the dam
located on the Kenosha Country Club grounds. As noted above, the cost of the fish gate removal is nominal.
Modification of the Kenosha Country Club dam would cost about $3,000.

MEASURES REQUIRED TO MAINTAIN AN EXTENDED
MINIMUM AND SEASONAL SPORT FISHERY

The measures required to develop and maintain an extended minimum and seasonal sport fishery are
indicated on Map 1-4. A fish ladder would be installed adjacent to the dam in Petrifying Springs County
Park similar to that shown in Figure 1-1. Such a fish ladder would allow larger fish species, particularly the
salmonids, to seasonally migrate into the upper portions of the Pike River and Pike Creek. Rehabilitation of
the stream channels in the upper reaches of the Pike River, Pike Creek, and the tributaries to these two
streams would not be necessary, as these fish would be transient and would not substantially add to the
reproducing fish population of the Pike River watershed.

The measures required to maintain an extended minimum and seasonal sport fishery are encompassed in
the water resource management and related land use recommendations of the watershed plan with the
exception of the removal of the fish gate at Sheridan Road, which would have only a nominal cost; the
modification of the Kenosha Country Club dam, estimated to cost $3,000; and the construction of a fish
ladder at the Petrifying Springs County Park dam, estimated to cost $4,000.

MEASURES REQUIRED TO MAINTAIN A MAXIMUM FISHERY

The measures required to develop and maintain a maximum fishery in the Pike River watershed include
the modification of the Kenosha Country Club and Petrifying Springs County Park dams, as well as exten
sive rehabilitation of the stream channels in the upper reaches of the Pike River, Pike Creek, and the tribu
taries of these two streams. Such stream channel rehabilitation would include channel realignment and
habitat rehabilitation in order to provide a heterogeneity in the form of alternating riffles, pools, and runs;
bottom substrate types; and water velocities in order to encourage a more natural diversity in the forage
fish population. Banks adjacent to these stream reaches would need to be stabilized and planted with pro
tective vegetative cover. The growth of instream vegetation would need to be encouraged, and wetlands
adjacent to portions of the stream reaches would need to be restored. Because of these extensive efforts and
the attendant costs required to undertake the development of a maximum fishery in the Pike River water-
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Map 1·3

MEASURES REQUIRED TO MAINTAIN AN EXTENDED MINIMUM FISHERY IN THE PIKE RIVER WATERSHED
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Map 1-4

MEASURES REQUIRED TO MAINTAIN AN EXTENDED MINIMUM
AND SEASONAL SPORT FISHERY IN THE PIKE RIVER WATERSHED

t
... n.~ •••"

EXTENDEO SEASONAL SPORT 'ISH!RY

STI'lUCTURE TO 8£ REMOVED OR "'OOIl'IEO

'7

STRUCTURE TO SIE IU:TAINEO WITH
A FISH LADDER

POTENTIAL W"'''IIIWATER AND
8£ASO"'4" SPOfilT "ISHE"T

STRUCTURE TO alE CONsTRUCTED TO
MAINTAIN OPENING"'T THE CDNFLUEt«:E
01" THII!: PIKE RIVER WITH LAKE MICHIGAN

EXISTING FISM!"V TO 8£ MAINTAINED

LIMITED 'OflAOE FISHERY IN WHICi'4
WATEII: QUALITY CO"lOITIONS ...ltlE TO
alE UPGItADED IN O"O£R TO PROTECT
T ... t OOWH$TI'IEAM FISHERY

LEGEND

••

This map indicates the measures th<lt would be required
to develop and maintain a minimum fishery in the Pike
River watershed. In addition to the upgrading of water
quality conditions, the provision of fish shelter areas,
and the maintenance of existing wetland areas, these
measures would include the removal of the fish gate
located under the Sheridan Road bridge near the mouth
of the Pike River, the removal or modification of the
dam located on the Kenosha Country Club grounds, and
the installation of a fish ladder adjacent to the dam in
Petrifying Springs County Park. The structural flood
control measure recommended to maintain the opening
;)t the confluence of the Pike River wi,th !-ake Michigan
would also assist in maintaining a fishery.

MJCHIGAN

LAK.

'. ".
".". .. .

•••••• 6

1 J~..r' ,P,/

. I .... r • /' '" ,..... :"1" .1, "" .---Jo.:.•.., .. Ic-,"~~-"-I-+--+c,.jG··.• ·· A<t.:::;-- -----~- ....

.....

I

1

..'

..c~.-_~-<·r
........ -."'..'--,---C'L-_,--=~.

I STUR

J r~' ::~---P--,/
~

/'....

~ource: SEWRPC.

676



shed, and because of the need to undertake channel improvements on the Pike Creek and Upper Pike River
for flood control and drainage purposes, this alternative was not recommended for further consideration by
the Watershed Committee.

CONCLUDING REMARKS-FISHERY DEVELOPMENT

Given the relatively modest costs of enhancing the fishery resource in the Pike River watershed, it is recom
mended that the following measures be included in the watershed plan:

1. Removal of the fish gate across the Pike River at Sheridan Road in the City of Kenosha.

2. Modification of the Kenosha Country Club dam on the Pike River to permit upstream fish migration.

3. Construction of a fish ladder at the Petrifying Springs County Park dam on the Pike River to permit
upstream fish migration.

Figure 1-1
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Appendix J

MODEL RESOLUTION FOR ADOPTION OF THE
COMPREHENSIVE PLAN FOR THE PIKE RIVER WATERSHED

WHEREAS, the Southeastern Wisconsin Regional Planning Commission, which was duly created by the Governor of the
State of Wisconsin in accordance with Section 66.945(2) of the Wisconsin Statutes on the 8th day of August 1960, upon
petition of the Counties of Kenosha, Milwaukee, Ozaukee, Racine, Walworth, Washington, and Waukesha, has the function
and duty of making and adopting a master plan for the physical development of the Region; and

WHEREAS, the County Boards of the Counties of Kenosha and Racine in late 1978 approved participation by the Coun
ties in the development of a comprehensive plan by the Southeastern Wisconsin Regional Planning Commission for the
Pike River watershed leading to recommendations for the development of water-related community facilities in the water
shed, including integrated proposals for water pollution abatement, flood control, land and water use, and park and public
open space reservation, to generally promote the orderly and economical development of the Pike River watershed; and

WHEREAS, such plan has been completed and the Southeastern Wisconsin Regional Planning Commission did on the
16th day of June 1983 approve a resolution adopting the comprehensive plan for the Pike River watershed and has recom
mended such plan to the local units of government within the watershed; and

WHEREAS, such plan contains recommendations for land use development and regulation; environmental corridor land
preservation; park and outdoor recreation land acquisition and development; channel modification and dike construction;
structure floodproofing; bridge replacement or modification; floodway and floodplain regulations; flood insurance and
other nonstructural floodland management measures; streamflow recordation; pollution abatement facility construction;
land management practices; and water quality monitoring, and is, therefore, a desirable and workable water control and
water-related community facility plan for the Pike River watershed; and

WHEREAS, the aforementioned recommendations, including all studies, data, maps, figures, charts, and tables, are set
forth in a published report entitled SEWRPC Planning Report No. 35, A Comprehensive Plan for the Pike River Watershed,
published in June 1983; and

WHEREAS, the Commission has transmitted certified copies of its resolution adopting such comprehensive plan for the
Pike River watershed, together with the aforementioned SEWRPC Planning Report No. 35, to the local units of govern
ment; and

WHEREAS, the (Name of Local Governing Body) has supported, participated in the financing of, and generally concurred
in the watershed and other regional planning programs undertaken by the Southeastern Wisconsin Regional Planning Com
mission and believes that the comprehensive plan for the Pike River watershed prepared by the Commission is a valuable
guide to the development of not only the watershed but the community, and that the adoption of such plan by the (Name
of Local Governing Body) will assure a common understanding by the several governmental levels and agencies concerned
and enable these levels and agencies of government to program the necessary areawide and local plan implementation work.

NOW,THEREFORE, BE IT RESOLVED that, pursuant to Section 66.945(12) of the Wisconsin Statutes, the (Name of
Local Governing Body) on the day of ,19 ,hereby adopts the comprehensive plan for the Pike River
watershed previously adopted by the Commission as set forth mSEWRPC Planning Report No. 35 as a guide for watershed
and c.ommunity development.

BE IT FURTHER HEREBY RESOLVED that the clerk transmit a certified copy of this resolution to the
Southeastern Wisconsin Regional Planning Commissl'""·o-n-.-----

ATTESTATION:

(Clerk of Local Governing Body)
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